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Abstract

This study aimed to compare the effectiveness of neurofeedback and mindfulness-based
cognitive therapy in improving working memory among older adults with Alzheimer’s disease.
This applied quasi-experimental study employed a pretest—posttest design with a one-month
follow-up and a control group. The statistical population consisted of 400 older adults residing
in Kahrizak Nursing Home in Tehran in 2021. Forty-five eligible older adults with mild
Alzheimer’s disease were purposively selected and, after age matching, randomly assigned to
neurofeedback, mindfulness-based cognitive therapy, and control groups, with 15 participants
in each group. Working memory was assessed using the Daneman and Carpenter Working
Memory Capacity Test. The neurofeedback intervention comprised ten 45-minute sessions
using a ProComp2 device, whereas mindfulness-based cognitive therapy was delivered in ten
60-minute sessions based on Crane’s protocol. Data were analyzed using repeated-measures
analysis of variance and Bonferroni post hoc comparisons in SPSS-23. Multivariate analysis
indicated a significant overall effect of the interventions on working memory (F=9.37,
P=0.001, n?>=0.309). Repeated-measures analysis showed that both neurofeedback and
mindfulness-based cognitive therapy significantly improved the storage (P=0.001) and
processing (P=0.014) components of working memory compared with the control group.
Significant time and group x time effectswere also observed for working-memory components
(P=0.001). Bonferroni comparisons demonstrated significant differences between both
intervention groups and the control group and between pretest scores and both posttest and
follow-up scores. No significant differences emerged between posttest and follow-up scores,
indicating maintenance of treatment effects. Moreover, no significant difference was found
between neurofeedback and mindfulness-based cognitive therapy in their effectiveness for
improving working memory. Neurofeedback and mindfulness-based cognitive therapy appear
to be effective and relatively durable non-pharmacological interventions for improving
working memory in older adults with mild Alzheimer’s disease. Their comparable
effectiveness suggests that both approaches may be incorporated into cognitive rehabilitation
programs according to patients’ clinical conditions, accessibility, and treatment preferences.
Keywords: Neurofeedback; Mindfulness-Based Cognitive Therapy; Working Memory;
Alzheimer’s Disease; Older Adults
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Extended Abstract
Introduction
The rapid expansion of digital technologies, information systems, artificial intelligence, and data-driven
decision-making has substantially transformed the professional responsibilities of school principals.
Contemporary school management increasingly requires principals to identify information needs, locate
reliable information, evaluate its credibility, synthesize evidence from multiple sources, and apply relevant
information to planning, problem-solving, supervision, and organizational decision-making. Accordingly,
information literacy is no longer regarded merely as a technical ability to search for information; rather, it
represents a multidimensional professional competence incorporating cognitive, communicative, evaluative,
and technological capabilities. Contemporary frameworks for media and information literacy similarly
emphasize the capacity to access, critically evaluate, interpret, create, and ethically use information as a
fundamental competence in educational and professional environments (Unesco, 2025). Within workplace
settings, information literacy has also been conceptualized as an integral component of digital competence
development and effective professional participation (Yates & Partridge, 2024).
For school principals, information literacy is particularly important because managerial activities are
fundamentally dependent on information. Planning educational programs, evaluating personnel performance,
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allocating organizational resources, identifying institutional priorities, monitoring progress, and responding to
unexpected problems all require access to accurate and relevant evidence. A principal who possesses adequate
information literacy is more capable of distinguishing reliable evidence from incomplete or misleading
information and of transforming organizational data into meaningful managerial action. Evidence from
educational settings indicates that information literacy is associated with communication skills and self-
efficacy, suggesting that effective engagement with information may strengthen individuals' confidence in
performing professional and educational tasks (Babaei Parsheh & Mosadeghi Nik, 2022). Information
literacy has also been associated with perceived usefulness of personalized learning technologies among
teachers, further demonstrating its importance for effective engagement with emerging educational
technologies (Rahimi & Rezaei, 2025).

One mechanism through which information literacy may improve managerial functioning is empowerment.
Empowerment encompasses perceptions of competence, autonomy, meaningfulness, influence, and trust and
reflects an individual's capacity to exercise effective control over professional responsibilities. Information is
a critical organizational resource for empowerment because access to accurate information and the ability to
interpret it can reduce uncertainty, facilitate independent judgment, and strengthen confidence in decision-
making. Research has demonstrated an association between digital literacy competencies and employee
empowerment, indicating that individuals with stronger digital and information-related abilities may
experience greater professional capability and autonomy (Mantegh & Jabbari, 2022). Similarly, information
literacy has been considered an important factor in professional empowerment in educational settings
(Hosseini & Alizadeh, 2023). These findings suggest that strengthening principals’ information literacy may
contribute to their broader managerial empowerment.

Self-efficacy constitutes another important link between information literacy and empowered professional
functioning. Individuals who perceive themselves as capable of identifying and effectively using information
are generally better positioned to regulate their behavior and address complex tasks. Variations in perceived
information literacy self-efficacy have been shown to influence self-regulated strategies, demonstrating that
confidence in information-related capabilities can shape how individuals manage demanding activities (Xu &
Wang, 2025). Likewise, ICT self-efficacy has been identified as an important mechanism underlying effective
engagement with digital information environments (Yu & Hu, 2022). Training in information literacy skills
has also been associated with improved social intelligence and self-efficacy in problem-solving, indicating that
information-related competencies may extend beyond information retrieval to broader cognitive and
interpersonal functioning (Yari Zanganeh, 2024).

The relevance of information literacy has become even more pronounced with the widespread introduction of
generative artificial intelligence into educational contexts. Educational professionals increasingly encounter
Al-generated texts, automated recommendations, algorithmically produced summaries, and synthetic media.
Although these technologies offer significant opportunities, they also introduce challenges concerning
misinformation, bias, source credibility, and deepfake content. Consequently, information literacy in the Al
era requires critical evaluation of both conventional and machine-generated information. Recent scholarship
has emphasized the importance of empowering educators and learners through information literacy in Al-rich
environments (Korslund & Seibert, 2025), while frameworks integrating critical thinking and information
literacy have highlighted the need to critically assess chatbot-generated outputs rather than treating them as
inherently authoritative (Matthews & Bartley, 2025). The proliferation of generative deepfake media similarly
reinforces the importance of advanced media and information literacy competencies (Singh & Kumar, 2025).
Accordingly, contemporary approaches emphasize media and information literacy as foundational capacities
for navigating Al-mediated information ecosystems (Trejo-Quintana & Sayad, 2024).
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Information literacy also influences educational participation, motivation, and perceptions of technology-
mediated learning. A relationship has been reported between information literacy and academic motivation,
indicating that individuals who are better able to access and use information may demonstrate stronger
engagement with educational activities (Saravani & Taravirdi Zadeh, 2025). Information literacy has also
been related to satisfaction with the quality of virtual education, demonstrating its relevance in digital learning
environments (Shokrpour et al., 2024). Furthermore, classroom-based research has shown that information
literacy instruction can be meaningfully incorporated into authentic educational activities and that instructional
strategies may interact with learners' existing knowledge (Vongkulluksn et al., 2024). These findings are
relevant to school leadership because principals are responsible not only for their own information practices
but also for creating organizational conditions conducive to evidence-based teaching, learning, and
professional development.

From an organizational perspective, the validation of a managerial model is essential for determining whether
theoretically proposed components are empirically coherent and applicable to real-world settings. Previous
managerial model-development research has emphasized the importance of systematically validating
dimensions and indicators before a proposed framework is adopted for assessment or organizational planning
(Sirghani et al., 2023). Despite increasing attention to information literacy, much of the existing literature has
focused on students, teachers, university employees, or general workplace populations. Comparatively limited
attention has been devoted to school principals, even though they occupy a strategic position in educational
organizations and are responsible for integrating information into planning, supervision, performance
evaluation, organizational communication, and resource management. Therefore, there is a need for
empirically validated frameworks capable of explaining information literacy within the specific context of
managerial empowerment. Accordingly, the present study aimed to validate an information literacy model
based on the empowerment of school principals.

Methods and Materials

The present study was an applied, quantitative, descriptive-correlational, and cross-sectional investigation
designed to validate an information literacy model based on the empowerment of school principals. The
statistical population consisted of all 197 school principals working in Gonabad County, Razavi Khorasan
Province, during the 2025-2026 academic year. The population included principals from elementary, lower-
secondary, upper-secondary, vocational, and technical schools located in urban and rural areas. Based on the
Krejcie and Morgan sampling framework, a minimum sample of 127 participants was required. To compensate
for potential attrition orincomplete questionnaires, 140 principals were initially selected through proportionate
stratified random sampling. The sample comprised 82 elementary school principals, including 39 urban and
43 rural principals; 32 lower-secondary principals, equally divided between urban and rural schools; and 26
upper-secondary and vocational school principals, including 24 urban and 2 rural principals.

Data were collected using measures of principals’ information literacy and managerial empowerment. The
information literacy questionnaire contained 15 items covering written, technical, and communication literacy.
Responses were rated on a five-point Likert scale, with higher scores representing stronger information
literacy. Its previously reported Cronbach's alpha coefficient was 0.86. Managerial empowerment was assessed
using a multidimensional empowerment gquestionnaire measuring perceived competence, autonomy, impact,
meaningfulness of work, and trust among colleagues. ltems were scored on a seven-point Likert scale, with
higher scores reflecting greater empowerment. The previously reported internal consistency coefficient for this
instrument was 0.83. Construct validity and internal consistency were additionally examined within the present
dataset.

Data analysis included descriptive and inferential statistical procedures. Frequency, percentage, mean, standard
deviation, skewness, and kurtosis were used for preliminary description and data screening. Exploratory factor
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analysis was performed to examine the underlying structure of the indicators, while the Kaiser-Meyer-Olkin
measure and Bartlett's test of sphericity were used to assess sampling adequacy and factorability. Confirmatory
factor analysis was subsequently applied to evaluate the measurement structure. Structural equation modeling
was used to examine the overall validity of the proposed model, and partial least squares structural equation
modeling was performed using SmartPLS. SPSS was used for preliminary, descriptive, and exploratory
analyses. Statistical significance was evaluated at the 0.05 level.

Findings

The adequacy of the data for factor analysis was first evaluated. The Kaiser-Meyer-Olkin value was 0.801,
exceeding the minimum acceptable threshold of 0.60 and indicating satisfactory sampling adequacy. Bartlett's
test of sphericity was statistically significant, y*> = 637.454, df = 254, p = 0.032, demonstrating sufficient
correlations among the observed variables for factor analysis.

The examination of eigenvalues and explained variance indicated that the first six components accounted for
85.303% of the total variance. Specifically, planning for unexpected problems explained 24.341% of the
variance, successful identification and classification of organizational objectives explained an additional
20.254%, improvement in managerial performance explained 14.243%, unobtrusive supervision of employees
explained 10.849%, evaluation of organizational culture explained 8.854%, and the use of different managerial
planning approaches explained another 6.762%. These findings indicated that a relatively small set of central
components accounted for a substantial proportion of the information literacy construct.

Data screening supported the assumptions required for subsequent modeling. Missing values were limited and
replaced using variable means. Examination of potential outliers revealed no problematic extreme
observations. The skewness values of the 15 observed variables ranged from -0.864 to -0.071, while kurtosis
values ranged from -1.774 to -0.117. All values were therefore within the predefined acceptable range of -3 to
+3, indicating satisfactory univariate distributional characteristics.

Confirmatory factor analysis demonstrated satisfactory factor loadings for all 15 indicators. Standardized
factor loadings ranged from 0.617 to 0.892. The highest loading was observed for unobtrusive supervision of
employees (0.892), followed by assessing the effect of organizational facilities on program progress (0.887),
evaluation of organizational culture (0.856), organization of authority and responsibilities (0.842), and
evaluation of employees' ethical behavior (0.839). The lowest factor loading, 0.617, was associated with
developing and implementing organizational programs but remained within an acceptable range. Thus, all
indicators were retained.

Assessment of overall model fit also produced favorable results. The ¥?/df ratio was 1.60, RMSEA was 0.021,
NFI was 0.933, CFI was 0.973, IFI was 0.967, GFI was 0.974, AGFI was 0.901, and TLI was 0.931.
Collectively, these indices demonstrated satisfactory correspondence between the proposed model and the
empirical data.

Finally, structural modeling using SmartPLS supported the explanatory adequacy of the model. The coefficient
of determination for the endogenous construct was R2 = 0.505, indicating that the predictor structure explained
50.5% of its variance. This value represented moderate-to-substantial explanatory power and supported the
structural adequacy of the proposed model.

Discussion and Conclusion

The findings provide empirical support for the validity of the proposed information literacy model based on
the empowerment of school principals. Both exploratory and confirmatory analyses indicated that the construct
was multidimensional but structurally coherent. The high proportion of variance explained by the first six
components suggests that information literacy among school principals is strongly reflected in practical
managerial capacities rather than being limited to technical information-search skills.
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Planning for unexpected problems emerged as the most prominent component in terms of explained variance.
This finding is conceptually important because school principals regularly operate under uncertainty and must
respond to unanticipated administrative, instructional, personnel, and technological problems. Information
literacy can enhance this function by enabling managers to rapidly identify relevant evidence, compare
alternative information sources, and transform available information into actionable responses. Likewise, the
substantial contribution of identifying and classifying organizational objectives indicates that information
literacy is closely connected with strategic thinking and the ability to organize complex organizational
information.

The strong factor loadings obtained for supervision, resource assessment, organizational culture, and
responsibility organization further demonstrate that information literacy becomes particularly meaningful
when embedded in actual managerial processes. A principal who can critically evaluate information is better
positioned to monitor performance without relying exclusively on direct observation, assess whether available
organizational resources contribute to planned goals, evaluate organizational behavior, and distribute
responsibilities more effectively. Information literacy therefore appears to function as a cognitive and
managerial resource supporting evidence-based leadership.

The acceptable model-fit indices provide further support for the proposed conceptual structure. The very low
RMSEA value and strong incremental and comparative fit indices indicate that the observed covariance
structure was adequately represented by the proposed model. The factor loadings also demonstrated that all
indicators made meaningful contributions to their respective construct, providing supportfor construct validity.
The R2 value of 0.505 is particularly important because it indicates that the proposed model accounts for
approximately half of the variance in the endogenous construct. In behavioral and educational research, this
represents meaningful explanatory capacity, particularly given that managerial empowerment is likely
influenced by numerous organizational, psychological, technological, and contextual factors. The result
suggests that information literacy should be regarded as an important component of managerial empower ment
rather than as an isolated technical competency.

Overall, the study supports a conception of information literacy as a strategic managerial capability integrating
planning, problem-solving, supervision, organizational assessment, information-based decision-making, and
control. The validated model may therefore provide a useful framework for evaluating principals’ professional
competencies and identifying areas requiring development. Educational authorities may use the model to
design more focused professional-development programs, particularly those emphasizing evidence-based
decision-making, critical evaluation of information, use of digital organizational data, and effective application
of information to managerial problems.

In conclusion, the information literacy model based on the empowerment of school principals demonstrated
satisfactory factorial validity, overall model fit, and explanatory power. The results indicate that information
literacy constitutes a measurable and multidimensional managerial capability with direct relevance to effective
school leadership. Strengthening this capability may contribute to more informed planning, higher-quality
supervision, improved use of organizational resources, and greater managerial confidence and autonomy. In
increasingly digital and information-intensive educational environments, developing principals' information
literacy should therefore be regarded as an essential component of professional empowerment and effective
school management.
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