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Abstract: Digital inclusion among rural agricultural women cannot be described based on availability of devices
and connectivity alone. This study examines the learning-related factors with Information and Communication
Technology (ICT) Accessibility (IA) and meaningful utilization (MU) among rural agricultural women in Faisalabad
District. Quantitative data from 384 participants were statistically analyzed followed by three focus group discus-
sions in Faisalabad District by an explanatory sequential mixed-methods design. Formal Education (FE), Learning-
Related and Contextual Constraints (LRCC), and Daily ICT Time (DIT) were examined in relation to ICT Accessibility
(IA) and Meaningful Utilization (MU). In Model I, FE was neither significantly associated with nor an independent
predictor of IA, whereas LRCC was positively associated with and significantly predicted IA. In Model 11, FE was
positively associated with and significantly predicted MU (3 = 0.534), whereas LRCC had a small, non-significant
bivariate association with MU but a small negative conditional coefficient. DIT was positively associated with FE
and MU but negatively associated with IA and LRCC. In Model IlI, FE positively predicted DIT, whereas LRCC nega-
tively predicted DIT. Qualitative data identified four interconnected domains: Literacy, Language Competence, and
Digital Skills; Awareness of Digital Opportunities; Informal Learning and Support; and Contextual Conditions shap-
ing learning opportunities. Integration indicates that IA represents an opportunity rather than an endpoint. FE,
learning capabilities, social support, and contextual conditions help explain how women convert digital opportu-
nities into purposeful use, while DIT represents intensity rather than meaningful utilization. Therefore, the study
develops a Learning-Centered Model of Digital Inclusion that distinguishes access, exposure, and meaningful use.

Keywords: Digital Inclusion; ICT Accessibility; Meaningful Utilization; Daily ICT Time; Agricultural Women; Formal
Education; Informal Learning; Digital Skills; Pakistan; Explanatory Sequential Mixed-Methods

1. Introduction

Digital technologies increasingly influence how people obtain information, learn, communicate, access ser-
vices, and participate in economic life. In the agricultural sector, information and communication technologies
(ICTs) provide access to extension advice, market information, weather information, input knowledge, government
services, and opportunities for learning. Yet, the availability of technology alone does not establish that individu-
als can use it in ways that are relevant to their needs [1-3]. Contemporary digital-inclusion scholarship therefore
distinguishes physical or technical access from differences in skills, patterns of use, and the benefits people derive
from being connected [4-8].

This distinction is particularly important for rural women engaged in agriculture. Women may have access to a
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mobile phone, television, internet source, or social application while still encountering difficulties in reading digital
content, understanding language, identifying useful agricultural resources, navigating applications, or applying in-
formation to everyday decisions. The ITU’s current perspective on universal and meaningful connectivity similarly
recognizes digital skills as one of several interdependent conditions for meaningful digital participation, alongside
connectivity, affordability, devices, quality, and security [7,9]. OECD evidence likewise emphasizes that both access
to and the ability to use digital technologies effectively are relevant to digital inclusion, while skills development
and the conditions that support the effective use of skills are important for an inclusive digital transition [10-12].

The gender dimension is also important. Recent global evidence documents persistent gender gaps in mobile
ownership and mobile-internet use in low- and middle-income countries, with South Asia remaining among the
regions where substantial numbers of women are not connected to mobile internet [13]. For agricultural women,
digital exclusion can therefore reflect overlapping inequalities involving gender, location, education, household re-
sponsibilities, and opportunities for learning. The FAO has likewise emphasized that gender inequalities in agrifood
systems are embedded in unequal access to resources, services, information, and opportunities [14].

The Capability Approach distinguishes between resources and the capabilities needed to convert those re-
sources into activities and outcomes that people value [15,16]. Applied to digital inclusion, a device or connection
can be understood as an enabling resource, whereas the ability to understand, evaluate, navigate, and apply digital
information represents a capability. Digital-capital scholarship complements this perspective by emphasizing the
accumulation of digital competencies, experience, and social resources that shape individuals’ capacity to partici-
pate effectively in digital environments [17].

Learning is central to this conversion process. Formal education may provide literacy, communication, and
foundational learning capacities, while digital competence can also develop through non-formal and informal learn-
ing [2,7,10,18,19]. Informal learning and social interaction may provide opportunities to develop digital compe-
tence outside formal training settings [20-22]. Communities of practice emphasize learning through participation,
interaction, and shared experience [22]. At the same time, contextual conditions, including household work and
agricultural responsibilities, may influence women'’s opportunities to practice and extend what they know. Re-
search on agricultural ICT use in Pakistan highlights the relevance of socioeconomic characteristics, digital literacy,
infrastructure, and the suitability and credibility of digital content for technology use [23,24].

Research on farmers’ decisions to use computers in agriculture highlights the relevance of prior knowledge to
technology engagement [25]. Studies of smartphone use further demonstrate that frequency of use, digital skills,
and the types of activities performed represent distinct dimensions of digital engagement, with users showing dif-
ferent patterns across these dimensions [26]. Research on mobile-only and hybrid internet use also indicates that
the mode of access is relevant to digital skills, suggesting that access and accumulated experience should not be
treated as equivalent to digital capability [27]. Evidence concerning meaningful connectivity among women and
gender-responsive agricultural resources, technologies, and services further underscores the importance of consid-
ering the conditions under which women can translate technology access into practical opportunities [28,29].

The research gap addressed here is therefore narrower than the claim that rural women have been overlooked
entirely. Existing research documents digital exclusion, digital skills, gender gaps, agricultural ICT adoption, and
barriers to technology use [13,17,18,23,24]. However, how these dimensions intersect within the everyday learn-
ing experiences of agricultural women in rural Pakistan remains insufficiently understood. In particular, limited
empirical work has simultaneously distinguished ICT Accessibility (IA), Meaningful Utilization (MU), and Daily ICT
Time (DIT) while considering Formal Education (FE) alongside informal learning and contextual conditions. This
study addresses this gap through an explanatory sequential mixed-methods design.

1.1. Purpose and Objectives

The study examines how Formal Education (FE), Learning-Related and Contextual Constraints (LRCC), ICT
Accessibility (IA), Meaningful Utilization (MU), and Daily ICT Time (DIT) are related among agricultural women in
rural Pakistan.

1. To examine the relationship between FE, LRCC, and IA.
2. To examine the relationship between FE, LRCC, and MU.
3. To examine the relationship between FE, LRCC, and DIT.
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4. To explore the learning-related and contextual experiences that help explain the quantitative patterns, partic-
ularly literacy, language competence, digital skills, awareness, informal support, time, relevance, and interest.

5. To integrate the quantitative and qualitative findings into a learning-centered interpretation of digital inclu-
sion.

1.2. Research Questions

What relationships exist among Formal Education (FE), Learning-Related and Contextual Constraints (LRCC),
and ICT Accessibility (1A)?

What relationships exist among FE, LRCC, and Meaningful Utilization (MU)?

What relationships exist among FE, LRCC, and Daily ICT Time (DIT)?

What learning-related and contextual factors help or hinder meaningful ICT engagement?

How do women’s experiences help explain the relationships identified in the quantitative phase?

SN

2. Literature Review
2.1. Digital Inclusion beyond Access

The digital divide was initially discussed largely in terms of unequal access to computers, connectivity, and dig-
ital resources [1-3]. Subsequent scholarship demonstrated that inequalities also occur in digital skills, patterns of
use, and the outcomes derived from digital participation [4-6]. Van Deursen and Helsper describe a third-level digi-
tal divide concerned with differences in the benefits people obtain from being online [6], while Helsper emphasizes
that digital inequalities are connected to wider social inequalities [18]. These perspectives support a distinction
between having a technological opportunity and being able to convert that opportunity into a valued activity.

Recent international frameworks reinforce this distinction. The International Telecommunication Union (ITU)
Digital Skills Toolkit places digital skills within broader digital-transformation strategies and emphasizes the inclu-
sion of under-represented groups [7]. The Global Connectivity Report 2025 identifies skills as a critical dimension
of universal and meaningful connectivity and documents persistent connectivity inequalities associated with gen-
der, income, age, and location [9]. OECD work similarly identifies digital skills, effective technology use, and inclu-
sive access as interconnected dimensions of digital transformation [10-12]. Thus, the present study’s distinction
among ICT Accessibility (IA), Daily ICT Time (DIT), and Meaningful Utilization (MU) is consistent with contempo-
rary digital-inclusion scholarship.

2.2. Agriculture, Rural Women, and the Gendered Digital Divide

Agricultural women use ICTs within rural social and economic environments shaped by gender roles and con-
textual conditions. GSMA’'s 2026 evidence also shows that women in low- and middle-income countries remain less
likely than men to use mobile internet, despite continued expansion in mobile connectivity [13]. FAO documents
persistent gender inequalities across agrifood systems, including unequal access to productive resources, services,
information, and opportunities [14]. These patterns are relevant to rural Pakistan because technology availability
does not automatically remove social, educational, linguistic, or practical barriers to effective use.

Agricultural ICT research has often examined technology adoption, availability, or the value of digital ser-
vices [23-25]. These are important dimensions, but they do not necessarily reveal how women learn to recog-
nize relevant information, understand digital content, obtain assistance, and apply information to agricultural
decisions. The present study therefore focuses on the learning conditions surrounding ICT use rather than
treating technology adoption as the endpoint.

2.3. Capability, Digital Capital, and Learning

The Capability Approach distinguishes between resources and the capabilities needed to convert those re-
sources into valued functioning [15,16]. In this study, ICT devices and connectivity are treated as resources or
opportunities, whereas the ability to understand, navigate, evaluate, and use digital information is considered a
capability-related outcome. Digital capital adds a social dimension by emphasizing how digital competencies, ex-
perience, and social resources accumulate and shape participation in digital environments [17].

Digital competence frameworks further emphasize information and data literacy, communication and collab-
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oration, problem solving, and appropriate technology use [19,20]. Learning is not restricted to formal educational
institutions but is a continuing process shaped by cognition, emotion, experience, and social interaction [30]. Com-
munities of practice similarly emphasize learning through participation and interaction within social groups [22].
These perspectives are useful for understanding how family members, peers, and neighbors can become practical
sources of digital learning for rural women.

2.4. Formal Education and Informal Learning

Formal education is relevant because literacy and schooling can support the interpretation of written mes-
sages, navigation of information environments, and acquisition of subsequent digital skills [2,6,10]. However,
education should notbe treated as a complete explanation of digital participation. Digital environments change
rapidly, and many practical skills are acquired through repeated use, observation, assistance, and informal prob-
lem solving [2,20,22].

This distinction is important for the present study because formal education and informal learning are ana-
lytically different. Formal Education (FE) is measured as educational attainment, whereas Learning-Related and
Contextual Constraints (LRCC) are represented through a seven-item constraint-oriented composite covering illit-
eracy, lack of awareness, language barriers, lack of digital skills, limited time, irrelevant content, and lack of interest.
The earlier item concerning lack of access to tools/support was excluded from this composite because access is sep-
arately represented by the ICT Accessibility (IA) construct. Higher scores on the retained composite indicate greater
LRCC. Accordingly, a negative coefficient indicates that higher levels of constraints are associated with lower val-
ues of the outcome, whereas a positive coefficient should be interpreted as a statistical association rather than as
evidence that constraints are beneficial.

2.5. Daily ICT Time: Exposure Is Not Equivalent to Meaningful Use

Digital time deserves separate attention because duration and purpose are not identical. The amount of time
spent using ICTs can reflect exposure, repeated practice, communication, entertainment, or other activities. It may
create opportunities for learning, but it does not establish that the time is devoted to agricultural information or pur-
poseful application. Research on digital use similarly distinguishes frequency or intensity of use from differences
in the types of activities, skills, and outcomes associated with digital participation [4-6,26,27].

Accordingly, this study does not position Daily ICT Time (DIT) as a tested mediator between ICT Accessibility
(IA) and Meaningful Utilization (MU). Instead, DIT is examined in Model III as a separate quantitative outcome
associated with Formal Education (FE) and the Learning-Related and Contextual Constraints (LRCC) measure. This
approach avoids implying a mediation pathway that was not formally tested in the cross-sectional analysis.

2.6. Research Gap and Study Rationale

Three gaps motivate the study. First, access and meaningful use are often discussed together even though they
represent distinct dimensions of digital inclusion [1,4-6,8,9]. Second, digital capability is frequently reduced to
technical skills [7,8,18], whereas rural women’s experiences may also involve literacy, language, awareness, infor-
mal support, time, relevance, and interest [21,26-28]. Third, formal education, informal learning, and contextual
conditions are rarely integrated within a single mixed-methods explanation of how rural agricultural women engage
with digital information.

The study responds by examining three quantitative models of ICT Accessibility (IA), Meaningful Utilization
(MU), and Daily ICT Time (DIT), followed by qualitative evidence used to explain and contextualize the observed
relationships. The resulting Learning-Centered Model is an empirically informed conceptual synthesis rather than
a tested mediation or causal model.

2.7. Conceptual Framework

Figure 1 organizes the study around five analytically distinct elements: Formal Education (FE), ICT Accessi-
bility (IA), Learning-Related and Contextual Constraints (LRCC), Daily ICT Time (DIT), and Meaningful Utilization
(MU). FE represents educational attainment; IA represents access to ICT tools, internet sources, and digital/social
applications; LRCC captures learning-related and contextual barriers; DIT represents exposure/intensity; and MU
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represents reported use of ICTs for agricultural information and purposeful application.

The framework is an analytical architecture rather than a single causal chain. Daily ICT Time is a separately
tested outcome in Model II], not a statistically tested mediator. Figure 1 therefore distinguishes access, exposure,
and meaningful use, while the figure in Section 4.8 provides the learning-centered interpretation of how these di-
mensions may be connected.

Rural, Gender & Agricultural Context
(e.g-, socio-cultural norms, institutional environment, agricultural setting)
Key Predictors = l l .’
19 Formal Education (FE) D g ® Qualitative Findings
Level of schooli Four Domains,
e Module 1 . Module 2 Module 3 . 1( 2
. y e . 5 - g = Literacy, language competence
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Figure 1. Theoretical Foundation and Pathway of Digital Inclusion among Agricultural Women in Rural Pakistan.

The framework in Figure 1 positions Formal Education (FE) as a potential foundational condition, while Learn-
ing and Contextual Capabilities (LCC) and contextual conditions are considered relevant to the transition from ICT
Accessibility (IA) to Meaningful Utilization (MU). Because FE was not significantly associated with IA in the final
quantitative analysis, the framework does not present education as an empirically established determinant of ac-
cessibility. Instead, it integrates education, access, learning-related conditions, and meaningful use as analytically
distinct dimensions informed by the Capability Approach [15,16] and digital-inclusion literature [4-6,17].

Contextual conditions, such as available time, household and farm responsibilities, relevance of information,
and the surrounding social environment, may influence how learning capabilities develop and are exercised. Draw-
ing on the Capability Approach, the framework therefore conceptualizes digital resources as requiring appropriate
capabilities and enabling conditions to be converted into valued activities and outcomes [15,16].

The resulting conceptual pathway is Formal Education — ICT Accessibility — Learning and Contextual Capa-
bilities (LCC) = Meaningful Agricultural ICT Utilization, with contextual conditions shaping the development and
exercise of LCC.

3. Materials and Methods
3.1. Research Design

An explanatory sequential mixed-methods design was used [31]. The quantitative phase was conducted first
to identify relationships among the principal constructs. The qualitative phase then used focus group discussions to
explore women'’s experiences and provide explanations for the quantitative patterns. The two phases were analyzed
separately before being integrated through joint interpretation.

The design was particularly useful because several relationships required explanation rather than simple de-
scription. For example, ICT Accessibility (IA) was not significantly associated with Formal Education (FE) in the
final correlation and regression analyses, whereas Learning-Related and Contextual Constraints (LRCC) were sig-
nificantly associated with accessibility. Meaningful Utilization (MU) showed a different pattern, with FE positively
associated with utilization. Daily ICT Time (DIT) showed yet another pattern. The qualitative phase therefore fo-
cused on the learning and contextual conditions that could help interpret these differences.

3.2. Study and Sampling

The study was conducted in rural areas of Faisalabad District, Punjab, Pakistan. Participants were women
aged 18 years or older who were engaged in agricultural activities. The quantitative sample comprised 384 women.
A multistage sampling procedure was used across the district, with respondents selected from rural agricultural
communities. The sample size was determined using Cochran’s method [32]. Face-to-face data collection was con-
ducted using a structured interview schedule that had been pretested with 30 participants.
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The qualitative phase comprised three focus group discussions (FGDs), each involving 15 agricultural women,
for a total of 45 participants purposively selected from the quantitative sample. Consistent with the explanatory
sequential design, the qualitative phase served as a smaller follow-up component to explain and contextualize the
quantitative findings [31]. The three discussions were conducted in rural communities located in 255RB (Faisal-
abad Tehsil), 168GB (Samundri Tehsil), and 232GB (Jaranwala Tehsil). The first author conducted the discussions
with support from a local facilitator and field personnel. Participants were selected to provide explanatory perspec-
tives on learning, ICT access, everyday use, and contextual conditions relevant to the quantitative findings. Each
discussion lasted approximately 90 minutes. The qualitative sample size was not derived from the quantitative sam-
ple size; methodological research on focus groups indicates that adequacy depends on the study purpose, group
structure, and the level of saturation sought [33]. No claim of statistical representativeness or formal saturation
after three FGDs is made in this study.

3.3. Measures and Operationalization

The principal study constructs were operationalized separately to distinguish ICT opportunity, meaningful
ICT use, Learning-Related and Contextual Constraints (LRCC), and daily ICT exposure. ICT Accessibility (IA) was
measured using 22 indicators covering access to ICT tools, internet sources, and digital /social applications. Each in-
dicator was coded on a four-category frequency scale ranging from 1 to 4, and the IA composite score was calculated
as the mean of the 22 indicators. Higher scores represented greater reported IA.

Meaningful Utilization (MU) was assessed using 20 indicators covering the use of ICTs for agricultural informa-
tion and purposeful activities. Items were measured using a five-point response scale, and the composite MU score
was calculated as the mean of the 20 indicators. Higher scores indicated greater MU.

Learning-Related and Contextual Constraints (LRCC) were measured using seven retained indicators covering
illiteracy, lack of awareness, language barriers, lack of digital skills, limited time, irrelevant content, and lack of
interest. The item concerning lack of access to tools/support was excluded from this composite because ICT ac-
cess was separately operationalized through the IA construct. The retained indicators were combined to form a
constraint-oriented composite score, with higher scores indicating greater LRCC.

Daily ICT Time (DIT) was measured separately using an ordered five-category measure of reported daily time
spent using ICTs. The categories represented increasing levels of daily ICT exposure. This measure was treated
as an indicator of ICT exposure or intensity rather than as a measure of MU. Accordingly, DIT was analyzed as a
separate outcome in Model Il and was not treated as a mediator between IA and MU.

Internal consistency of the multi-item constructs was assessed using Cronbach’s alpha, with the resulting reli-
ability coefficients reported in Section 4.1.

3.4. Quantitative Phase

Descriptive statistics summarized participant characteristics and the principal constructs [31]. Pearson product-
moment correlations were used to examine bivariate relationships. Three focused multiple regression models were
then estimated with the same two theoretically central predictors: Formal Education (FE) and Learning-Related and
Contextual Constraints (LRCC). Model I used ICT Accessibility (IA) as the dependent variable; Model I used Meaningful
Utilization (MU); and Model III used Daily ICT Time (DIT).

The regression models were intentionally theory-focused rather than fully adjusted causal models. Age, house-
hold size, farming experience, and income were described as sample characteristics but were not entered as control
variables in the final three models. Consequently, the regression coefficients should be interpreted as conditional
statistical associations within the specified two-predictor models, not as causal effects or estimates adjusted for all
plausible confounders.

Model fit was assessed using R, R?, adjusted R?, and F statistics. Coefficients are reported as B, SE, standardized
B, and p where available. The distinction between bivariate association and regression-based conditional associa-
tion was maintained throughout.
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3.5. Qualitative Phase

The focus group guide addressed literacy and language competence, digital skills, awareness of digital oppor-
tunities, informal learning and support, and contextual conditions such as time, relevance, and interest. The guide
was used to explore the experiences underlying the quantitative patterns rather than simply to repeat the survey
questions.

The three FGDs, each group involving 15 participants were transcribed and analyzed using thematic analysis
following Braun and Clarke [34]. The analyses involved familiarity with the transcriptions, coding of the relevant
segments, categorization of codes into candidate themes, reviewing all patterns across three discussions, refining
boundaries of themes, and linking the final themes to the quantitative findings. Therefore, findings produced four
interconnected domains: literacy, language competence and digital skills; awareness of digital opportunities; infor-
mal learning and support; and contextual conditions, including time, relevance, and interest.

3.6. Trustworthiness and Reflexivity

Credibility was supported through direct researcher involvement, comparison of emerging themes across the
three discussions, attention to participants’ own accounts, and discussion of interpretations with colleagues. De-
pendability was strengthened through field notes, transcripts, and documentation of analytical decisions. Confirma-
bility was supported by grounding interpretations in participant accounts and maintaining reflexive notes. Trans-
ferability was addressed by describing the rural agricultural setting, participant eligibility, sampling approach, and
analytic focus.

The first author led the qualitative phase and had prior experience in agricultural extension and ICT-related
research. This background provided contextual familiarity but also created a possibility that prior expectations
could influence interpretation. Reflexive notes were therefore maintained, and interpretations were discussed with
others to challenge initial assumptions.

3.7. Mixed-Methods Integration

Integration occurred after the quantitative and qualitative phases. The quantitative findings identified relation-
ships requiring explanation, and the qualitative phase was then used to explore the experiences underlying those
patterns. The two strands were compared through a joint display and narrative integration. Particular attention
was given to the distinction between access, exposure, and meaningful utilization, and to the contrast between pro-
longed everyday ICT exposure and limited dedicated time for digital learning. The integrated findings formed the
basis for the Learning-Centered Model.

4. Findings
4.1. Participant Characteristics

Table 1 presents the educational attainment of the 384 agricultural women who participated in the study and
Table 2 shows the descriptive statistics of principal constructs.

Table 1. Formal Education (FE) of the respondents (n = 384).

Educational Level Frequency Percentage (%)
Illiterate 28 7.3

Primary 68 17.7

Middle 89 23.2

Matric 79 20.6
Intermediate 56 14.6

Graduation and above 64 16.7

Total 384 100.0

The largest share of respondents had middle-level education (23.2%), followed by matriculation (20.6%), pri-
mary education (17.7%), graduation and above (16.7%), and intermediate education (14.6%). Only a small share
of respondents were illiterate (7.3%). Overall, respondents represented a range of FE levels, providing variation
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for examining its relationship with digital inclusion.

Table 2. Descriptive statistics and internal consistency of the study variables (n = 384).

Variable Mean SD Cronbach’s a
1A 1.98 0.56 0.910

MU 3.65 0.77 0.960

LRCC 2.58 0.56 0.666

DIT 3.27 1.32 —

Descriptive statistics and internal consistency of the principal study variables indicates that IA had a mean
score of 1.98 (SD = 0.56), while MU had a mean of 3.65 (SD = 0.77). LRCC had a mean of 2.58 (SD = 0.56), whereas
DIT had a mean of 3.27 (SD = 1.32). IA (a = 0.910) and MU (a = 0.960) demonstrated high internal consistency,
while LRCC showed lower internal consistency.

4.2. Correlations among the Principal Variables

Pearson’s correlation analysis was used to examine the direction, strength, and statistical significance of the
relationships among the principal study variables (Table 3).

Table 3. Pearson correlations among the principal variables.

Variable 1 Variable 2 Pearson Correlation Coefficient p

1A FE 0.047 0.363
LRCC 0.516%* <0.001

MU FE 0.528** <0.001
1A -0.065 0.201
LRCC -0.075 0.141

DIT FE 0.331** <0.001
1A -0.445** <0.001
MU 0.364** <0.001
LRCC -0.307** <0.001

Note: **p <0.001.

Pearson correlations among the principal study variables show that IA was significantly positively correlated
with LRCC (r = 0.516, p < 0.001), but not with FE (r = 0.047, p = 0.363). MU was significantly positively associated
with FE (r = 0.528, p < 0.001), whereas its correlations with IA (r = -0.065, p = 0.201) and LRCC (r = -0.075, p =
0.141) were not significant. DIT was significantly positively associated with FE (r = 0.331, p < 0.001) and MU (r =
0.364, p < 0.001), while significant negative associations were observed with IA (r = -0.445, p < 0.001) and LRCC (r
=-0.307,p < 0.001).

4.3. Multiple Regression Predicting IA
Multiple regression analysis was used to examine the statistical contributions of formal education (FE) and

learning-related and contextual constraints (LRCC) in predicting ICT accessibility (IA) (Table 4).

Table 4. Multiple regression predicting IA for Model I (R =0.516, R? = 0.266, adjusted R? = 0.262, F(2,381) = 69.078,
p <0.001).

Predictor B SE B t p
FE 0.007 0.016 0.018 0.406 0.685
LRCC 0.507 0.043 0.515 11.706 <0.001

Multiple regression model predicting IA shows that the model was statistically significant, R = 0.516, R? =
0.266, adjusted R? = 0.262, F(2, 381) = 69.078, p < 0.001.It indicates that FE and LRCC jointly accounted for 26.6%
of the variance in IA. FE was not a significant independent predictor ( = 0.018, p = 0.685), whereas LRCC showed
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a significant positive statistical association with IA (f = 0.515, p < 0.001). Because higher LRCC scores represent
greater constraints, this positive coefficient should be interpreted as a conditional statistical association rather than
as evidence that greater constraints improve IA.

4.4. Multiple Regression Predicting MU
Multiple regression analysis was used to examine the statistical contributions of formal education (FE) and

learning-related and contextual constraints (LRCC) in predicting meaningful utilization (MU) of ICTs (Table 5).

Table 5. Multiple regression predicting MU for Model II (R = 0.539, R? = 0.290, adjusted R? = 0.287, F(2,381) =
77.906, p < 0.001).

Predictor B SE B t p
FE 0.270 0.022 0.534 12.360 <0.001
LRCC -0.143 0.059 -0.105 -2.431 0.016

Multiple regression model predicting MU indicates that the model was statistically significant, R = 0.539, R? =
0.290, adjusted R =0.287, F(2,381)=77.906, p < 0.001. It shows that FE and LRCC jointly accounted for 29.0% of
the variance in MU. FE was a significant positive predictor (8 = 0.534, p < 0.001), whereas LRCC showed a small but
significant negative association with MU (8 = -0.105, p = 0.016). Thus, higher FE was associated with greater MU,
while greater reported constraints were associated with lower MU, after accounting for the other predictor in the
model.

4.5. Multiple Regression Predicting DIT
Multiple regression analysis was used to examine the statistical contributions of formal education (FE) and

learning-related and contextual constraints (LRCC) in predicting daily time spent using ICTs (DIT) (Table 6).

Table 6. Multiple regression predicting DIT for Model III (R = 0.464, R? = 0.216, adjusted R? = 0.212, F(2,381) =
52.385, p < 0.001).

Predictor B SE B t p
FE 0.303 0.039 0.349 7.685 <0.001
LRCC -0.764 0.106 -0.326 -7.179 <0.001

Multiple regression model predicting DIT indicates that the model was statistically significant, R = 0.464, R? =
0.216, adjusted R? = 0.212, F(2, 381) = 52.385, p < 0.001. FE and LRCC jointly accounted for 21.6% of the variance
in DIT. FE was positively associated with DIT ( = 0.349, p < 0.001), whereas LRCC showed a significant negative
association (3 = -0.326, p < 0.001). Thus, higher FE was associated with greater daily ICT exposure, while greater
reported constraints were associated with less time spent using ICTs, after accounting for the other predictor in the
model.

4.6. Qualitative Findings: Four ‘Learning-Related and Contextual Domains’

The qualitative phase depended on three FGDs (n = 15 in each group). The findings are presented thematically
and are used to explain and contextualize the quantitative patterns across the study.
4.6.1. Literacy, Language Competence, and Digital Skills

Participants repeatedly described a distinction between basic operation of a device and the ability to use it for
agricultural or livelihood purposes.
One participant explained,

“School helped me understand how to use the phone, but not how to use it for farming or earning.”

Another stated,
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“If a woman can read and write, she can at least understand some messages and use basic functions on
the phone.”

Participants also described difficulties with language and application use:
“Everything is in English or difficult Urdu so we cannot understand apps.”
Another participant said:

“We know how to answer calls but using applications is difficult.”

These accounts help explain why FE may provide a foundation for digital engagement without automatically
producing advanced agricultural use.

4.6.2. Awareness of Digital Opportunities

Awareness emerged as a separate issue. Participants did not always know which digital services were relevant
to agriculture.
One participant stated:

“Nobody told us that these applications could help us in farming.”

Another explained:

“We do not know which websites or apps are useful for agriculture.”

Thus, access to a device does not guarantee recognition of a relevant digital opportunity.

4.6.3. Informal Learning and Support

Participants described family and community members as practical sources of assistance.
One woman stated:

“Sometimes our children help us when we do not understand something on the phone.”

Another explained:

“My son teaches me how to use functions whenever I need help.”

A further participant said:

“We often ask relatives or neighbors when we have problems using mobile applications.”

These accounts illustrate informal learning as a social process. At the same time, dependence on others can
mean that learning opportunities vary according to household and community support. Informal assistance may
therefore facilitate engagement without guaranteeing independent use.

4.6.4. Contextual Conditions: Time, Relevance, and Interest

Participants frequently referred to the competing demands of household and agricultural work.
One participant said:

“We are busy with household and farm work so we do not get time to learn these things properly.”
Another stated:

“After completing all household tasks there is little time left for learning anything new.”

A further participant explained:

“The whole day passes between home responsibilities and field work.”

Perceived relevance and interest also shaped willingness to learn.

One participant stated:
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“I never thought these things were meant for people like us.”
Another remarked:
“Sometimes we lose interest because we do not understand how the technology can help us.”

These accounts are particularly relevant to the quantitative time findings because they show that time is not
simply a matter of duration; it is also an opportunity to learn, practice, and connect technology with valued activities.
During the same discussions, women also described prolonged everyday exposure to mobile phones.

One woman explained:

“The mobile phone remains with me the whole day and in an active state.”
Another added:
“Mobile phones are in my use whole day for communication.”

These accounts help contextualize the higher DIT categories: a phone can remain available and be used in-
termittently for communication and other activities across the day without representing continuous agricultural
learning. The qualitative evidence therefore distinguishes exposure from dedicated learning time.

4.7. Integrated Mixed-Methods Interpretation

The integrated findings are summarized in Table 7 and inform the Learning-Centered Model presented in
Figure 2. FE and IA are treated as resources or opportunities, while the conversion of these opportunities into pur-
poseful use is shaped by LCC, including skills and literacy, awareness, informal support, and contextual conditions
such as time, relevance, and interest. MU represents purposeful engagement with agricultural information rather
than simple possession of technology or duration of exposure.

Table 7. Integration of quantitative and qualitative findings.

Quantitative Finding

Qualitative Explanation

Integrated Interpretation

FE was not significantly associated with IA (r =
0.047,p =0.363; B = 0.018, p = 0.685).

LRCC was positively associated with IA (r =
0.516,p <0.001; B =0.515,p < 0.001).

FE was positively associated with MU (r = 0.528,
p<0.001; B =0.534, p <0.001).

LRCC had a non-significant bivariate
association with MU (r = -0.075, p = 0.141), but
a small negative conditional coefficient (§ =
-0.105, p = 0.016).

DIT correlated with FE (r = 0.331), MU (r =
0.364), 1A (r = -0.445), and LRCC (r = -0.307),
all p < 0.001; Model 111 R? = 0.216.

IA was not significantly associated with MU (r =
-0.065, p = 0.201).

Education supported basic literacy, message
comprehension, and phone use.

Literacy, language, digital skills, awareness, and
practical barriers shaped engagement.

Schooling supported basic understanding,
while agricultural applications required further
learning.

Informal assistance and opportunities for
learning and practice varied.

Phones supported daily communication, while
household and farm duties limited dedicated
learning time.

Phone and internet access did not always
translate into the ability to use agricultural
applications or identify useful information.

FE supports foundational learning but was not an
independent predictor of IA.

The positive coefficient reflects a statistical
association, not evidence that constraints improve
access.

FE was more directly associated with purposeful use
than with basic accessibility.

The conditional association suggests lower MU with
greater constraints, without implying causation.

ICT exposure may coexist with limited opportunities
for dedicated learning; DIT represents intensity, not
meaningful agricultural use.

IA provides an opportunity, whereas MU also
requires learning and supportive contextual
conditions.

4.8. Learning-Centered Model

The integrated findings provide the basis for the proposed Learning-Centered Model of Digital Inclusion among
Agricultural Women in Rural Pakistan (Figure 2). Figure 2 illustrates the learning-centered pathway through which
FE, IA, LCC, and contextual conditions are considered in relation to MU.

The model is presented as a conceptual interpretation of the integrated findings rather than as a formally tested
causal or mediation model. It emphasizes that digital inclusion among agricultural women cannot be understood
solely in terms of whether technologies are available. Rather, meaningful digital participation depends on the LCC
and contextual conditions that enable women to convert access into purposeful use.

11
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Figure 2. Learning-Centered Model of Digital Inclusion among Agricultural Women.

5. Discussion
5.1. Reframing Digital Inclusion as a Learning-Centered Process

FE was not significantly associated with IA in the final bivariate analysis and did not independently predict IA
in Model I. This result indicates that educational attainment alone did not explain differences in reported IA in this
sample. FE may still matter as a foundational resource because it develops literacy and general learning capacities,
but the data do not support describing education as an independent statistical determinant of accessibility (Tables
3 and 4).

This pattern is consistent with digital-divide scholarship that distinguishes access from skills, use, and out-
comes [1,4,5,26,27]. Italso aligns with ITU’s emphasis on skills as a core dimension of meaningful connectivity [7,9].
The study therefore contributes a rural agricultural perspective in which access is treated as an opportunity that
must be converted into meaningful use through learning and contextual conditions.

5.2. Formal Education: Foundation, but Not a Complete Explanation

FE was positively related to MU and remained a significant predictor in Model II (Table 3 and 5). The qualitative
accounts help explain why education and accessibility can show different patterns. Women described schooling as
useful for understanding messages and basic phone functions, while agricultural applications required additional
knowledge, awareness, and practical skill (Table 7). Thus, FE was more directly connected with purposeful use
than with basic accessibility in the final analysis.

The utilization result requires greater caution. LRCC had a non-significant bivariate correlation with MU but a
small negative conditional coefficient in Model I1. Because higher scores indicate greater constraints, the coefficient
is directionally consistent with lower utilization under greater constraints, but it remains a conditional association
rather than evidence of causality. The coefficient is small, and the measure has modest reliability (a« = 0.666), so it
should not be given the same interpretive weight as the highly reliable MU and IA composites.

5.3. Learning-Related and Contextual Constraints

The positive association between LRCC and IA requires cautious interpretation. LRCC showed a significant
positive association with IA under the final raw-constraint coding and remained significant in the focused regres-
sion model (8 = 0.515, p < 0.001), whereas FE was not a significant predictor of IA ( = 0.018, p = 0.685) (Table 4).
Because higher LRCC scores represent greater learning-related and contextual constraints, the positive coefficient
should not be interpreted as evidence that constraints improve ICT accessibility. Rather, it represents the statistical
association observed under the study’s coding and model specification.

One plausible contextual interpretation is that women with greater ICT exposure or access may also report
more learning-related and contextual difficulties because greater engagement with ICTs provides more opportuni-
ties to encounter barriers related to literacy, language, digital skills, awareness, relevance, and time. In this sense,
access and constraints may coexist rather than represent mutually exclusive conditions. Women who have access
to ICTs may still experience difficulties in converting that access into confident, relevant, and sustained use. How-
ever, this interpretation remains contextual rather than causal. Given the cross-sectional design, the direction of
the relationship cannot be determined, and the observed association should not be interpreted as evidence that
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greater constraints lead to greater access.

The absence of a significant association between FE and LRCC (r=0.056, p = 0.276) provides further context for
interpreting these findings (Table 3). It suggests that LRCC is not simply a proxy for low formal education. FE and
LRCC therefore represent related but distinguishable aspects of digital inclusion. Formal education may provide a
broader foundation for engaging with digital opportunities, whereas LRCC captures specific learning-related and
contextual barriers that can persist across different educational levels.

Taken together, these findings reinforce the distinction between ICT accessibility and meaningful digital inclu-
sion. Access to devices, connectivity, or digital platforms does not necessarily imply the absence of learning-related
or contextual difficulties. The coexistence of accessibility with reported constraints therefore supports the study’s
learning-centered perspective, in which digital inclusion involves not only whether ICT opportunities are available
but also the conditions under which women can understand, navigate, and use those opportunities meaningfully.

5.4. Daily ICT Time: Exposure, Practice, and Meaningful Use

The inclusion of Model III strengthens the study by preventing time from being implicitly incorporated into the
concept of digital utilization. DIT was positively related to MU (r = 0.364, p < 0.001), indicating that greater reported
ICT exposure was associated with greater reported meaningful use (Table 3). However, the qualitative findings
provide an important qualification: duration of ICT exposure should not be equated with purposeful learning or
agricultural use.

Women described mobile phones as remaining available to them throughout much of the day and being used
for communication and other routine activities. At the same time, participants described limited opportunities
for learning because of household and agricultural responsibilities. A woman may therefore experience prolonged
device exposure and intermittent ICT interaction while still having limited dedicated opportunities to learn new
applications, seek agricultural information, or apply digital information in depth. This distinction is consistent with
research showing that the frequency or intensity of digital use does not necessarily capture the types of activities,
skills, and outcomes associated with digital participation [6,26,27]. The integration of the quantitative results and
qualitative explanations is summarized in Table 7.

FE positively predicted DIT (§ = 0.349, p < 0.001), whereas LRCC was negatively associated with DIT in the
regression model (f =-0.326, p <0.001) (Table 6). The qualitative accounts help contextualize this pattern: house-
hold and agricultural responsibilities may reduce opportunities for sustained learning and practice. Thus, the rele-
vant issue is not simply how long a device is present in a woman'’s day, but whether some of that exposure becomes
an opportunity for purposeful learning and application.

The negative bivariate association between IA and DIT (r = -0.445, p < 0.001) further cautions against assuming
that greater reported access automatically corresponds to greater daily exposure (Table 3). This result reinforces
the importance of treating access, exposure, and meaningful use as analytically distinct dimensions.

5.5. Theoretical Contribution

The study brings together three complementary perspectives. Digital-divide scholarship explains why access
alone does not exhaust digital inequality and why differences in skills, use, and outcomes require separate con-
sideration [1,5,6]. The Capability Approach explains the distinction between resources and the capabilities and
conditions required to convert those resources into valued activities and outcomes [15,16]. Learning perspectives
further explain how capabilities can develop through formal education, informal support, practice, participation,
and social interaction [22,30].

The resulting Learning-Centered Model therefore shifts attention from a single access question towards a con-
version question (what learning and contextual conditions enable an available technology to become useful in a
woman'’s agricultural life?). The model does not replace access-oriented digital-inclusion frameworks; rather, it
adds a learning-centered interpretation of the relationship between technological opportunity, exposure, learning,
and meaningful use.

5.6. Practical and Policy Implications

First, digital-inclusion programs for agricultural women should combine access initiatives with practical dig-
ital learning. Training can extend beyond basic device operation to include finding, interpreting, evaluating, and
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applying agricultural information, consistent with digital-skills frameworks and broader digital-inclusion policy
literature [7,9,17,18].

Second, language accessibility should be considered in the design of digital agricultural services. Where ap-
propriate, agricultural platforms and advisory services should provide understandable local-language content and
interfaces. Third, awareness should accompany technology provision so that women know which applications, web-
sites, advisory services, market-information resources, weather services, and government platforms are relevant
to their agricultural activities [13,23-25].

Fourth, informal learning should be recognized as a potential complementary resource rather than treating it
merely as a substitute for formal training. Family members, peers, neighbors, extension personnel, and community-
based learning arrangements can provide practical assistance and opportunities for problem-solving [22,30].

Fifth, time constraints should be considered in program design. Flexible, locally available learning opportuni-
ties and repeated practice may better accommodate women'’s household and agricultural responsibilities [22,30].
Training schedules that assume large blocks of uninterrupted time may be less suitable in these contexts [23,24].

Finally, program evaluation should avoid treating access, time, and meaningful use as interchangeable indica-
tors. An intervention may increase device ownership or connectivity without producing corresponding changes in
purposeful agricultural use. Monitoring should therefore consider skills, awareness, relevance, MU, and opportuni-
ties for continued learning alongside measures of access and connectivity [4,7,9,28].

6. Conclusion

This study examined digital inclusion among agricultural women in rural Pakistan by distinguishing IA, MU,
and DIT. The final quantitative results show that FE was not significantly related to IA, whereas LRCC was positively
associated with IA in the focused model. FE was positively associated with MU and remained a significant predictor
in the focused regression model. DIT formed a third dimension. It was positively related to FE and MU and negatively
related to LRCC and IA.

The qualitative findings explain these patterns through four interconnected domains: literacy, language com-
petence and digital skills; awareness of digital opportunities; informal learning and support; and contextual con-
ditions, especially time, relevance, and interest. They also clarify the apparently high DIT values by showing that
mobile phones may remain available and in use for communication across much of the day, while dedicated time
for digital learning remains constrained. Together, the findings suggest that access and exposure are important
opportunities but are not sufficient descriptions of digital inclusion.

The Learning-Centered Model developed from these integrated findings therefore places LCC at the center of
digital inclusion. It does not claim that the variables form a tested causal or mediation sequence. Instead, it offers
a theoretically grounded and empirically informed way of understanding how FE, ICT opportunities, LCC, social
support, and contextual conditions relate to meaningful digital engagement among agricultural women.

Limitations

The quantitative data are cross-sectional; therefore, regression coefficients indicate statistical associations
and do not establish causality. The models included only FE and LRCC, without controlling for other potential con-
founders. The LRCC measure showed modest reliability (a« = 0.666), so related findings require cautious interpre-
tation. The qualitative phase involved three FGDs with 15 women in each of three rural communities; findings are
thematic rather than statistically representative. Finally, the Learning-Centered Model was derived from integrated
findings but was not independently tested as a structural, causal, or mediation model.
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