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Perceived Effects, Opportunities, and Challenges of Adapting Computer-Based Testing (CBT) in Nursing Education in Nigeria: A Mixed-Methods Study


ABSTRACT
[bookmark: _Toc202810652]Background: Nursing education in Nigeria is increasingly shifting from paper-based examinations to Computer-Based Testing (CBT), although adoption remains inconsistent across institutions.
Objective: This study examined CBT adoption, its perceived effects on student performance, and the experiences of teaching staff and students in nursing institutions across Nigeria.
Methods: A mixed-methods convergent triangulation design was used. Quantitative data were collected from 320 teaching staff and 1,005 students, while qualitative data were obtained through 12 key informant interviews. Data were analysed using descriptive statistics, one-sample t-tests, ANOVA, and thematic analysis.
Results: CBT adoption was moderate but statistically significant (mean = 3.21; t(319) = 12.35, p < 0.001). Major challenges included internet connectivity (mean = 2.85), technical support (mean = 2.65), and transition from paper-based examinations (mean = 2.59). Teaching staff perceived positive effects on student performance, with mean scores ranging from 3.47 to 3.85. Students reported positive perceptions of convenience (mean = 3.92), fairness and reliability (mean = 3.93), and confidence (mean = 3.90). However, stress related to time and technical challenges remained evident (means = 2.47–2.57). Perceptions differed significantly by age group (p = 0.002), but not by gender or academic level. Qualitative findings identified five themes covering adoption practices, perceived benefits, student engagement, implementation barriers, and mitigation strategies.
Conclusion: CBT was generally perceived favourably, but infrastructural limitations, inadequate technical support, and digital preparedness remain important challenges. Strengthening ICT infrastructure, training, and technical support may improve implementation.
[bookmark: _Toc202810653]Keywords: Digital literacy; Examination integrity; ICT infrastructure; Technology adoption.

INTRODUCTION
Nursing education provides the foundation for developing competent and professional nurses who can respond to the changing demands of healthcare. Basic nursing education equips students with the knowledge and skills required for nursing practice, while continuing developments in healthcare require nurses to demonstrate clinical competence, sound decision-making, and adaptability to emerging technologies. Consequently, information and communication technology (ICT) is increasingly being integrated into teaching, learning, and assessment [1].

Computer-Based Testing (CBT) is an alternative to traditional paper-and-pencil examinations that uses computers or other electronic devices to assess knowledge and skills [2, 3]. Its advantages include faster scoring and feedback, improved record-keeping, reduced grading errors, and enhanced examination security [4, 5]. CBT has been adopted in several areas of education and professional testing in Nigeria, including large-scale examinations conducted by the Joint Admissions and Matriculation Board (JAMB) [6] and the Nigeria Immigration Service (NIS) [7]. These applications demonstrate its potential for efficient examination administration, although successful implementation requires adequate infrastructure, technical support, and user training.

Despite these benefits, the adoption of CBT in Nigeria is constrained by inadequate ICT infrastructure, unreliable internet connectivity, limited access to functional computers, and insufficient technical support [8]. Erratic electricity supply can disrupt examinations, while limited digital skills may affect the ability of students and educators to use CBT platforms effectively [9]. Concerns about examination security and system reliability also require attention to ensure fair and credible assessment [10].

These issues are particularly relevant to nursing education, where assessment must support the acquisition of theoretical knowledge and professional competence. Although CBT can be used for theoretical examinations, practical and clinical competencies may require complementary assessment approaches, including Objective Structured Clinical Examinations (OSCEs). A combination of computer-based and practical assessment may therefore be appropriate for nursing training institutions [11].

Successful integration of CBT depends not only on the availability of technology but also on institutional preparedness and the experiences of those who use it [12]. Nursing students are directly affected by the assessment process, while teaching staff contribute to examination design, implementation, and evaluation. Understanding their perspectives is therefore important for identifying the benefits and limitations of CBT in nursing education. This study examined the adoption of CBT in nursing training institutions across Nigeria, its perceived effects on student performance, and the opportunities and challenges experienced by teaching staff and students. The findings are intended to inform improvements in CBT implementation and assessment practices in Nigerian nursing education.


[bookmark: _Toc202810689][bookmark: _Toc216552655]MATERIALS AND METHODS
[bookmark: _Toc216552657][bookmark: _Toc202810691]Ethics Approval
The ethical approval was obtained from the Zamfara state Health Research Ethics, Ministry of Health. The HREC number is ZSHREC14082025/314 dated 14th August 2025, and signed by Aminu D. Umar, the chairman of the committee. Informed consent was obtained from all the participants voluntarily before their information and responses were retrieved. Strict confidentiality and anonymity were maintained for all data obtained from the participants. 

Research Design
[bookmark: _Toc216552658]This study adopted a convergent parallel mixed-methods design. Quantitative data were collected through a cross-sectional survey of nursing students and teaching staff in accredited nursing training institutions across Nigeria, using structured questionnaires. Qualitative data were obtained through semi-structured interviews to explore students’ experiences and teaching staff’s perspectives on the opportunities and challenges of CBT. Both datasets were analysed separately and integrated during interpretation to provide a broader understanding of CBT adoption in nursing education. 

Study Setting
The study was conducted in nursing training institutions across Nigeria’s six geopolitical zones. The institutions included universities offering Bachelor of Nursing Science degrees, colleges of nursing, and schools of midwifery regulated by the Nursing and Midwifery Council of Nigeria (NMCN).
[bookmark: _Toc216552659]
Study Population
[bookmark: _Toc216552660]The study population comprised nursing students and teaching staff in accredited nursing training institutions across Nigeria. Students from basic nursing, midwifery, post-basic nursing, and Bachelor of Nursing Science programmes were included, alongside teaching staff involved in nursing education. This enabled the study to capture students’ experiences and perceptions of CBT, as well as teaching staff perspectives on its implementation, opportunities, and challenges.

Inclusion and Exclusion Criteria
Inclusion Criteria
[bookmark: _Toc216552662][bookmark: _Toc202810704][bookmark: _Toc169017865][bookmark: _Toc169130046][bookmark: _Toc171448019]Participants were eligible for inclusion if they met the following criteria:
· Nursing students currently enrolled in accredited nursing training institutions in Nigeria who had taken at least one CBT-based assessment.
· Students from basic nursing and midwifery, post-basic nursing, and Bachelor of Nursing Science (B.N.Sc.) programmes.
· Teaching staff directly involved in CBT implementation or coordination, examination administration, digital learning, technology integration, teaching, examination preparation, or institutional digital transition.
· Students and teaching staff from institutions that had adopted CBT for internal assessments or examinations.
· Individuals who voluntarily provided informed consent to participate.

Exclusion Criteria
The following were excluded from the study:
· Students who had never taken a CBT-based examination, including first-semester students with no exposure to digital assessments.
· Teaching staff without direct involvement in CBT, digital examinations, or related curriculum planning.
· Institutions that did not use CBT for any form of assessment.
· Individuals who declined to provide informed consent.
· Participants with visual or physical impairments that prevented them from using computer systems, unless appropriate assistive technologies were available at their institutions.

Sample Size Determination 
The sample size was calculated using Cochran’s formula for large populations:
n = (Z² × P(1-P) / d²) × Deff
Where:
n = the required sample size,
Z = the standard normal deviation (typically 1.96 for a 95% confidence level),
P = the estimated proportion of the population with the characteristic of interest,
d = the margin of error (typically set at 5%),
Deff = design effect to account for clustering across multiple institutions/regions.

Given limited existing data on the exact proportion of nursing students and teaching staff who have adopted CBT in Nigeria, an estimated proportion (P) of 50% (0.5) was used. To reflect the study design, where the six geopolitical zones serve as primary clusters, a conservative design effect (Deff) of 3 was applied. Substituting these values into Cochran’s formula and applying a design effect to account for clustering by the six geopolitical zones:
n = ((1.96)² × 0.5(1-0.5) / (0.05)²) × 3
n = 1,152
To account for non-responses, incomplete questionnaires, and potential dropouts, an additional 15% contingency was applied, bringing the final sample to approximately 1,325 participants.
[bookmark: _Toc216552663]
[bookmark: _Toc216552664]Sampling Technique
[bookmark: _Toc216552667]Quantitative Component
A multistage sampling technique was used to select participants across Nigeria’s six geopolitical zones. The zones were included to ensure geographical coverage. Within each zone, states with accredited nursing training institutions were selected, and institutions were stratified into universities offering Bachelor of Nursing Science (B.N.Sc.) programmes, colleges of nursing sciences, and post-basic nursing schools. Participants were allocated across institutions based on institutional and population characteristics. Nursing students were selected randomly from class registers, while teaching staff were randomly selected where multiple eligible staff were available.

Qualitative Component
Purposive sampling was used to select nursing students and teaching staff with firsthand experience of CBT in nursing education. This enabled an in-depth exploration of students’ experiences and the opportunities and challenges of CBT implementation from the perspectives of teaching staff.

Instrument for Data Collection
Quantitative Instrument
Data were collected using a structured questionnaire comprising 46 items, including 17 demographics, categorical, yes/no, or frequency items and 29 Likert-scale items. The questionnaire had separate components for teaching staff and students. The staff component assessed CBT adoption and its perceived effects on students, while the students’ component covered demographic characteristics, CBT exposure, and attitudes towards CBT.

Qualitative Instrument
A semi-structured interview guide was used to explore teaching staff’s perspectives on the opportunities and challenges of CBT adoption and students’ experiences with CBT in nursing education. Interviews were audio-recorded with participants’ consent and transcribed for thematic analysis.

Validity of the Research Instruments
The structured questionnaire and semi-structured interview guide were reviewed by experts in nursing education, educational assessment, and research methodology to assess their relevance, clarity, and alignment with the study objectives. Feedback from the review was used to refine the instruments. A pilot study was also conducted to assess the clarity and appropriateness of the questions, and the findings informed further revisions.
[bookmark: _Toc216552668]
Method of Data Collection
Quantitative and qualitative data were collected using structured questionnaires and semi-structured interviews, respectively. Questionnaires were administered physically and electronically to nursing students and teaching staff in selected institutions. The instruments were pilot-tested before the main data collection.
Interviews were conducted with selected students and teaching staff to explore their experiences and perspectives on CBT adoption. With participants’ consent, interviews were audio-recorded and transcribed for thematic analysis.
Data Analysis
Quantitative Data Analysis
Questionnaire data were cleaned, coded, and analysed using SPSS version 27. Frequencies, percentages, means, and standard deviations were used to summarise participants’ characteristics and responses. One-sample t-tests assessed mean scores against neutral points, while ANOVA examined differences in perceptions across relevant participant groups.

Qualitative Data Analysis
Interview transcripts were analysed thematically. The transcripts were reviewed, coded, and grouped into categories from which themes and subthemes were developed, using NVivo software to support data organisation and analysis.

Integration of Findings
Quantitative and qualitative findings were analysed separately and then compared and integrated during interpretation. This enabled the study to identify areas of agreement and disagreement between statistical findings and participants’ experiences, providing a broader understanding of CBT adoption in nursing education.

[bookmark: _Toc216552671]RESULTS
[bookmark: _Toc216552683][bookmark: _Hlk216213537][bookmark: _Toc202810720][bookmark: _Toc202810719]Adoption of CBT in Nursing Training Institutions
Teaching staff rated computer-based testing (CBT) adoption, institutional infrastructure, training, implementation policies, student access, technical support, and faculty preparedness. Item mean scores ranged from 2.59 for the smooth transition from paper-based examinations to CBT to 3.48 for clear implementation policies and perceived CBT reliability (Table 1). Training sessions received a mean score of 3.45, while institutional adoption of CBT was rated 3.38 (Table 1).

Computer laboratory infrastructure and student access to computers and digital resources had mean scores of 3.15 and 3.03, respectively. Lower mean scores were recorded for internet connectivity (2.85), technical support (2.65), and the transition from paper-based examinations to CBT (2.59). The overall adoption score was 3.21 (SD = 0.47). Item-level results are presented in Table 1.

Teaching Staff’s Perceived Effects of CBT on Students’ Performance
Teaching staff reported positive perceived effects of CBT on students’ performance, with item mean scores ranging from 3.47 to 3.85. The highest mean score was recorded for improved time management (3.85), followed by critical thinking under examination conditions (3.84) and knowledge retention and application (3.83). Preparation for licensing examinations had a mean score of 3.82, while perceived improvement in students’ performance and alignment with Nursing Council examination formats had mean scores of 3.80 and 3.77, respectively (Table 2).

Improved confidence in digital examinations (3.73) and engagement with e-learning resources (3.69) also received positive ratings. Reduction in examination malpractice had the lowest mean score (3.47) among the assessed items. The overall mean score was 3.74 (SD = 0.31). Item-level results are presented in Table 2.

Students’ Attitudes Towards CBT
Students reported positive attitudes towards CBT across several items. The highest mean scores were recorded for perceived fairness and reliability (3.93) and convenience compared with paper-based examinations (3.92). Overall confidence in CBT had a mean score of 3.90, while perceived improvement in examination performance and comfort taking CBT examinations had mean scores of 3.87 and 3.86, respectively. Preference for CBT over paper-based examinations had a mean score of 3.69. Institutional support and the perceived influence of digital skills on examination performance each had a mean score of 3.55 (Table 3).

Concerns about CBT were also reported. Stress associated with time and technical challenges had a mean score of 2.57, while anxiety related to technical difficulties had a mean score of 2.47. These results indicate that positive attitudes towards CBT coexisted with concerns about examination stress and technical difficulties. Item-level results are presented in Table 3.

Thematic Analysis 
Perceived Opportunities Associated with CBT Adoption
This report presents a thematic analysis of key informant interviews conducted with teaching staff regarding the implementation and experience of Computer-Based Testing (CBT) in nursing education institutions. The analysis aimed to identify recurring codes, patterns, subthemes, and overarching themes based on participants' responses.

A qualitative thematic analysis approach was used to code and categorize responses from 12 key informants (KI1 to KI12) drawn from the 320 teaching staff participants, providing a comprehensive perspective on CBT adoption. Codes were identified based on repetition, emphasis, and relevance to the research objectives and subsequently grouped into patterns, subthemes, and broader themes.

Teachers’ Interview Perspectives 
CBT Adoption
Teaching staff described a gradual approach to CBT implementation involving pilot testing, phased rollout, collaboration with ICT units, staff training, and feedback from students and lecturers. These approaches were used to identify implementation problems and facilitate wider adoption (Table 4).

Perceived Opportunities
Participants identified automated grading, timely feedback, reduced administrative workload, more objective assessment, improved examination integrity, and efficient student performance monitoring as key benefits of CBT. Other perceived advantages included standardized assessment and flexibility in conducting examinations (Table 5).

Student Engagement
Teaching staff reported initial student resistance arising from fear of technology and limited digital skills. They described improved student confidence and acceptance following orientation, practical sessions, peer support, and exposure to CBT. Participants also reported increased student interest in mock examinations and e-learning resources (Table 6).

Implementation Challenges
The main challenges reported by teaching staff included unstable electricity and internet connectivity, inadequate computers, software failures, limited bandwidth, and insufficient ICT personnel. Gaps in staff and student digital skills, staff turnover, and high student-to-computer ratios were also identified as constraints (Table 7).

Mitigation Strategies
Participants reported several institutional responses, including backup power supplies, network improvements, regular staff training, student orientation, mock examinations, equipment maintenance, system testing, and technical support during examinations. Staff mentoring and feedback were also used to support implementation (Table 8).

Students’ Experiences with CBT
Initial Reactions and Adaptation to CBT
Students described initial anxiety and apprehension about CBT, particularly when they had limited computer experience. Orientation, practice examinations, and assistance from ICT staff and peers helped them become more familiar with the examination format (Table 9).

Preferences and Perceptions of CBT
Students expressed mixed preferences. Some favoured CBT because of its speed and convenience, while others preferred paper-based examinations because of familiarity and a greater sense of control. Students’ acceptance of CBT was also linked to reliable equipment, network connectivity, and adequate orientation (Table 10).

Challenges Encountered with CBT 
Students identified network interruptions, power failures, platform malfunctions, limited computer skills, and anxiety associated with time constraints as challenges encountered during CBT examinations (Table 11).

Perceived Benefits of CBT
Students highlighted the perceived objectivity of computer-based marking, the elimination of handwriting-related difficulties, immediate feedback, and opportunities to improve digital literacy. The reduced use of paper was also identified as a benefit (Table 12).

CBT's Role in Assessing Nursing Competence
Students considered CBT useful for assessing theoretical knowledge but expressed reservations about its ability to assess practical skills, bedside manner, empathy, and other aspects of clinical competence. Scenario-based questions were suggested as one way to improve the assessment of practical application (Table 13).

Influence of CBT on Study Habits
Students reported changes in their preparation strategies, including the use of nursing applications, CBT software, e-learning resources, timed quizzes, flashcards, and multiple-choice question strategies (Table 14).

Recommendations for Improvement
Students recommended improvements in electricity supply, internet connectivity, and computer availability. They also called for regular computer training, mock examinations, orientation that includes troubleshooting skills, and additional support for students with limited digital skills or special learning needs (Table 15).

DISCUSSION, CONCLUSION AND RECOMMENDATIONS
Discussion
Perceived Effects of CBT Adoption
The findings indicate that teaching staff and nursing students generally had favourable perceptions of computer-based testing (CBT) in nursing education. The overall mean score for teaching staff’s perceived effects of CBT was 3.76, suggesting that staff generally viewed CBT as beneficial. Among the individual items, improved time management received the highest rating (mean = 3.85), followed by critical thinking under examination conditions (mean = 3.84), knowledge retention and application (mean = 3.83), preparation for licensing examinations (mean = 3.82), and students’ performance since CBT adoption (mean = 3.80). These means were above the neutral reference value of 2.5, with the reported t-tests indicating statistically significant differences from the reference value (p < 0.001). This pattern suggests that teaching staff generally endorsed the perceived educational benefits of CBT, particularly in time management, examination preparation and the application of knowledge. This agrees with the recent study which noted CBT provides immediate feedback, flexible to students, prevents double answering, avails students’ mock practices and saves time, needs lesser staff support and user adaptive [14]. Nevertheless, these results reflect staff perceptions rather than objectively measured improvements in students’ academic performance.

Students also reported favourable perceptions of CBT. Fairness and reliability received the highest mean score (3.93), followed by convenience compared with paper-based examinations (3.92), improved confidence in CBT (3.90), perceived enhancement of examination performance (3.87), and comfort with taking CBT examinations (3.86). These means were significantly above the neutral reference value of 2.5 (p < 0.001), indicating that students generally endorsed the positive statements about CBT. Preference for CBT over paper-based examinations also had a mean of 3.69 (p < 0.001), suggesting a favourable overall preference for the digital format. However, the qualitative findings indicate that this preference was not universal, as some students appreciated the speed and convenience of CBT while others reported difficulty navigating the system or continued to prefer paper-based examinations.
The favourable ratings for fairness, reliability and convenience suggest that CBT was perceived as a useful assessment approach by many participants. Teaching staff rated CBT as a reliable and effective assessment method at 3.48, while the perceived alignment of CBT examination structure with the Nursing and Midwifery Council of Nigeria examination format received a mean of 3.77. Both ratings were significantly above the neutral reference value (p < 0.001). Interview participants further identified automated grading, question randomisation and standardisation as potential advantages. These features may help reduce some inconsistencies associated with manual assessment. However, participants’ perceptions of fairness and reliability should not be equated with objective evidence of measurement reliability or the elimination of marking bias.

The findings concerning examination malpractice require a similarly cautious interpretation. Staff rated the perceived reduction in examination malpractice at 3.47, significantly above the neutral reference value (p < 0.001), although this was the lowest-rated item among the perceived effects assessed. This suggests that staff generally perceived CBT as capable of reducing malpractice but considered this benefit less strongly than improvements relating to time management, critical thinking and knowledge retention. Interview participants identified question randomisation as a means of making copying more difficult. Nevertheless, because the study did not independently measure malpractice rates before and after CBT adoption, the extent to which CBT reduced examination malpractice cannot be established from these findings.

Students’ responses also provide insight into examination-related stress. The mean score for the statement that CBT was stressful because of time and technical challenges was 2.57, while technical difficulties making students anxious received a mean of 2.47. Relative to the neutral value of 2.5, these scores lie on opposite sides of the reference point and are both close to it. The interview findings nevertheless revealed that some students experienced nervousness, anxiety associated with the countdown timer, network interruptions and platform malfunctions. These accounts indicate that technical difficulties and time pressure remained relevant concerns for some students, even though the survey means were close to the neutral benchmark. 

Overall, the quantitative findings show that teaching staff and students generally endorsed positive statements about CBT, with most reported item means significantly above the neutral reference value. The qualitative findings provide additional context by illustrating the benefits and difficulties experienced during implementation. However, the study assessed perceptions and reported experiences rather than objectively measured changes in examination scores before and after CBT adoption. The results therefore support conclusions about the perceived value of CBT, but do not establish that CBT caused improvements in academic performance.

Opportunities Associated with CBT Adoption
The qualitative findings identified several opportunities associated with CBT adoption, particularly in assessment efficiency, feedback, examination preparation, student engagement and the management of assessment processes. Teaching staff described automatic grading and timely feedback as important benefits, noting that these features could reduce repetitive marking and administrative workload. Participants also identified digital storage and performance reports as potentially useful for monitoring students’ progress and informing curriculum adjustments. These accounts suggest that CBT offers opportunities for more efficient assessment management, although the study did not quantify changes in marking time, workload or administrative costs.

Another opportunity identified by participants was students’ preparation for professional licensing examinations. Teaching staff rated the perceived alignment between CBT examinations and the Nursing and Midwifery Council of Nigeria examination format at 3.77, significantly above the neutral reference value of 2.5 (p < 0.001). Interview participants also reported that students were becoming more familiar with digital assessment and increasingly sought mock examinations that resembled professional examinations. Students described using nursing applications, CBT software, timed quizzes and flashcards to prepare for examinations. These findings suggest that CBT adoption may encourage students to incorporate digital resources and time-managed practice into their study routines.

The quantitative findings provide further support for this interpretation. Staff rated the extent to which CBT assessments encouraged engagement with e-learning at 3.69 (p < 0.001), while students rated the influence of digital skills on examination performance at 3.55 (p < 0.001). Both means were above the neutral reference value, indicating that respondents generally endorsed these statements. In the interviews, participants described greater familiarity with computers and increased use of digital learning resources. However, these findings reflect perceived relevance and reported experiences; they do not establish that CBT independently improved digital competence or academic achievement.

Participants also identified potential benefits relating to standardisation, fairness and examination administration. Question randomisation was considered useful for limiting opportunities for copying, while automated grading was perceived to reduce some sources of marking inconsistency and clerical error. Students additionally reported that CBT removed concerns about illegible handwriting and reduced paper use during examinations. These perceived benefits highlight the potential of CBT to improve aspects of assessment administration, provided that the systems are reliable and appropriately implemented.

The adoption process described by teaching staff offers further insight into how these opportunities may be realised. Interview participants reported that implementation had involved pilot testing, gradual expansion from selected groups or formative assessments, collaboration between academic staff and ICT units, and the use of feedback to refine procedures. Staff mentorship and training were also identified as components of the adoption process. These accounts suggest that phased implementation and collaboration among relevant institutional units can help identify operational problems and support adaptation. However, the interviews describe participants’ experiences and do not establish that a particular implementation strategy was more effective than another.

Despite the reported opportunities, participants recognised that CBT has limitations as an assessment approach in nursing education. Interviewees indicated that it was suitable for assessing theoretical knowledge but could not, on its own, adequately assess practical nursing skills, bedside manner, communication or empathy. Scenario-based questions were suggested as one way to strengthen the assessment of clinical reasoning. This distinction is important because nursing competence extends beyond the recall and application of theoretical knowledge. CBT should therefore complement, rather than replace, practical and clinical assessments where direct observation of performance and professional behaviour is required.

Challenges Associated with CBT Adoption
Despite the generally favourable perceptions of CBT, the quantitative findings identified important implementation challenges. Teaching staff rated the smoothness of the transition from paper-based examinations to CBT at 2.59 and the availability of technical support during examinations at 2.65. Internet connectivity received a mean of 2.85. These values were close to the neutral reference value of 2.5, although the reported t-tests for these items were statistically significant (p < 0.001). The findings therefore point to areas where respondents’ assessments differed from the neutral benchmark, but the relatively modest distance between the means and 2.5 should also be considered when interpreting their practical importance.

The adequacy of computer laboratories and infrastructure received a mean of 3.15, access to computers and digital resources a mean of 3.03, and faculty preparedness a mean of 3.05. These means were above the neutral reference value, but the reported tests for access to digital resources (p = 0.632) and faculty preparedness (p = 0.314) were not statistically significant. Consequently, the results do not provide sufficient statistical evidence that staff ratings on these two items differed from the neutral value. The findings should not be interpreted as demonstrating either adequate or inadequate access and preparedness solely based on these means. Instead, they suggest that these areas warrant further attention, particularly when considered alongside the qualitative accounts of insufficient computers and the need for additional training.

Other findings indicate that some institutional support mechanisms were already in place. Staff rated the provision of training sessions for staff and students at 3.45 and the availability of clear CBT policies and guidelines at 3.48; both means were significantly above the neutral reference value (p < 0.001). These findings should be considered alongside the lower ratings for technical support, connectivity and the transition process. The pattern suggests that the reported availability of training and policies did not necessarily translate into uniformly smooth implementation or sufficient technical assistance during examinations.

The qualitative findings provided further detail on the technical and infrastructural challenges. Participants described unstable electricity, unreliable internet connections, limited bandwidth, insufficient functional computers, software malfunctions and occasional system failures during examinations. Some also reported that inadequate ICT personnel and high student-to-computer ratios created difficulties during periods of heavy examination demand. These accounts help explain why technical reliability and infrastructure remain important considerations despite the perceived convenience of CBT.

Students’ experiences also highlighted the importance of digital competence and orientation. Some interviewees described initial nervousness about taking examinations on a computer, difficulty navigating the platform and slower performance because of limited computer skills. Others reported that practice sessions, peer support and assistance from ICT personnel made the process easier. The students’ mean score of 3.55 for the influence of digital skills on examination performance was significantly above the neutral reference value (p < 0.001), indicating that students generally perceived digital skills as relevant to their examination experience. However, the study did not objectively assess students’ computer proficiency or determine the extent to which it influenced their examination scores.

The interview findings also suggest that adaptation to CBT is an ongoing process rather than an outcome achieved simply by introducing the technology. Participants recommended regular training, student orientation, mock examinations and instruction in basic troubleshooting. They also identified the need for more functional computers, stable electricity and internet connectivity, routine system testing, equipment maintenance and technical assistance during examinations. Some participants described measures such as backup power supplies, network improvements, scheduled maintenance and staff mentoring. These recommendations and reported measures emphasise the importance of combining technological provision with institutional support and user preparation.

Taken together, the findings indicate that the perceived benefits of CBT coexist with challenges relating to infrastructure, technical support and adaptation. The one-sample t-tests show whether the reported means differ statistically from the specified neutral value, but statistical significance alone does not establish the practical importance of a difference. The qualitative findings provide useful context for interpreting these ratings and identifying areas for improvement. In nursing education, reliable implementation is particularly important because assessment systems must support the valid evaluation of students’ knowledge without introducing avoidable technical barriers. CBT should also be integrated with appropriate practical and clinical assessments to ensure that the broader competencies required for nursing practice are evaluated.

Conclusion
This study found that CBT is generally accepted by teaching staff and nursing students, who recognised its benefits in terms of convenience, fairness, and preparation for computer-based licensing examinations. However, the findings also show that challenges such as unreliable electricity and internet connectivity, inadequate computer facilities, limited technical support, and gaps in digital skills remain. For CBT to be implemented effectively in nursing education in Nigeria, these challenges need to be addressed through improved infrastructure, adequate training, and sustained institutional support. In addition, CBT can make assessment more efficient, but it should not replace practical and clinical assessments, which remain essential for determining whether nursing students have acquired the skills and competence needed for practice.

Recommendations
1. Improve infrastructure and technical support: Nursing training institutions should ensure reliable electricity and internet connectivity, adequate functional computers, routine system maintenance, and accessible technical assistance during examinations.
2. Strengthen staff and student preparation: Institutions should provide regular training for teaching staff and organise student orientation and mock examinations to improve digital competence, familiarity with CBT, and confidence in its use.
3. Establish clear implementation procedures: Institutions should maintain clear CBT policies covering examination administration, technical disruptions, security, and contingency arrangements. The Nursing and Midwifery Council of Nigeria (NMCN) should provide appropriate guidance to support consistent standards across nursing training institutions.
4. Integrate CBT with other assessment methods: CBT should be used alongside practical and clinical assessments to ensure that evaluation of nursing students covers theoretical knowledge, clinical reasoning, practical skills, and professional competence.
5. Monitor implementation and use feedback: Institutions should periodically evaluate CBT implementation and obtain feedback from staff and students to identify operational problems and guide improvements.

Limitations of the Study
This study has some limitations. First, it involved selected nursing training institutions, which may limit the generalisability of the findings to all nursing institutions in Nigeria. Second, the questionnaire and interview data relied on participants’ self-reports and may have been influenced by recall or social desirability bias. Third, the cross-sectional design captured perceptions and experiences at a particular point in time and therefore cannot establish changes over time or causal effects of CBT on students’ performance. Finally, differences in CBT platforms, infrastructure, and institutional support across study sites may have influenced participants’ experiences and were not fully accounted for in the analysis.
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[bookmark: _Toc216552677]Table 1: CBT Adoption (Teaching Staff, n = 320)
	Item
	Mean
	SD
	t
	df
	p-value

	My institution has fully adopted CBT for nursing assessments
	3.38
	1.40
	8.52
	319
	<0.001

	Adequate computer laboratories and infrastructure are available for CBT exams
	3.15
	1.45
	3.51
	319
	<0.001

	Internet connectivity is sufficient to support CBT examinations
	2.85
	1.45
	-3.53
	319
	<0.001

	My institution provides training sessions for staff and students on CBT usage
	3.45
	1.29
	11.29
	319
	<0.001

	There are clear policies and guidelines for CBT implementation
	3.48
	1.21
	12.80
	319
	<0.001

	Students have adequate access to computers and digital resources
	3.03
	1.42
	0.48
	319
	0.632

	Technical support is available to assist with issues during CBT exams
	2.65
	1.45
	-6.09
	319
	<0.001

	Transition from paper-based to CBT exams has been smooth
	2.59
	1.43
	-6.64
	319
	<0.001

	Faculty members are well-equipped to support CBT assessments
	3.05
	1.38
	1.01
	319
	0.314

	I believe CBT is a reliable and effective assessment method
	3.48
	1.21
	12.80
	319
	<0.001
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Table 2: Teachers’ Perceived Effects of CBT on Students’ Performance (n = 320)
	Item
	Mean
	SD
	t
	df
	p-value

	CBT has improved students' ability to manage time effectively
	3.85
	1.15
	24.57
	319
	<0.001

	Students’ performance has improved since CBT adoption
	3.80
	1.09
	23.91
	319
	<0.001

	CBT enhances critical thinking under exam conditions
	3.84
	1.11
	24.05
	319
	<0.001

	CBT prepares students better for licensing exams
	3.82
	1.18
	22.33
	319
	<0.001

	CBT has reduced examination malpractice
	3.47
	1.28
	7.44
	319
	<0.001

	Students exhibit improved confidence in digital exams
	3.73
	1.18
	18.63
	319
	<0.001

	CBT assessments encourage engagement with e-learning
	3.69
	1.15
	18.12
	319
	<0.001

	CBT contributes to knowledge retention and application
	3.83
	1.12
	24.36
	319
	<0.001

	CBT exam structure aligns with Nursing Council format
	3.77
	1.21
	20.57
	319
	<0.001
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Table 3: Students’ Attitudes toward CBT (n = 1,005)
	Item
	Mean
	SD
	t
	df
	p-value

	Comfortable taking CBT exams
	3.86
	1.20
	23.47
	1004
	<0.001

	CBT is more convenient than paper-based exams
	3.92
	1.15
	25.65
	1004
	<0.001

	CBT is stressful due to time/technical challenges
	2.57
	1.66
	-12.10
	1004
	<0.001

	CBT enhances exam performance
	3.87
	1.16
	23.35
	1004
	<0.001

	Prefer CBT over paper-based exams
	3.69
	1.20
	21.45
	1004
	<0.001

	Institution provides sufficient support
	3.55
	1.25
	17.58
	1004
	<0.001

	Technical difficulties make me anxious
	2.47
	1.61
	-13.11
	1004
	<0.001

	CBT is fair and reliable
	3.93
	1.12
	27.98
	1004
	<0.001

	Digital skills affect performance
	3.55
	1.28
	17.29
	1004
	<0.001

	Overall confidence in CBT has improved
	3.90
	1.16
	24.00
	1004
	<0.001










Table 4: Teacher’s perspective on Adoption Process
	Participant
	Interview response

	KI1
	“CBT was introduced gradually over the past two years. Initially, it started with formative assessments before being extended to summative ones.”

	KI2
	“We started with pilot testing in selected departments to assess feasibility. Once we saw positive outcomes, the implementation was expanded.”

	KI3
	“CBT began with senior-level students to minimize disruptions. This selective roll-out allowed us to gather feedback and fix issues.”

	KI4
	“We collaborated with the exams board and ICT unit to ensure a smooth launch.”

	KI5
	“We used a trial-and-error approach before fully implementing CBT. After some initial hiccups… students became more receptive.”

	KI6
	“Feedback from students during the initial phase helped refine our process.”

	KI7
	“Regular meetings with staff helped address concerns and improve adoption.”

	KI8
	“The phased approach allowed us to train staff incrementally.”

	KI9
	“We piloted CBT in smaller classes first, then scaled to the full institution.”

	KI10
	“ICT collaboration ensured minimal downtime and smooth transitions.”

	KI11
	“Senior staff mentorship guided junior lecturers in adopting CBT.”

	KI12
	“Monitoring and evaluation throughout the rollout helped improve efficiency.”






Table 5: Perceived Opportunities Associated with CBT
	Participant
	Interview response

	KI1
	“The automatic grading and quick feedback have really helped reduce workload and improve efficiency.”

	KI2
	“CBT provides a more objective grading system, reducing human errors and bias.”

	KI3
	“The system reduces cheating and increases exam integrity… randomization of questions makes copying difficult.”

	KI4
	“CBT minimizes administrative workload, allowing teachers to spend more time on curriculum development.”

	KI5
	“It aligns with global education standards and prepares our students for international examinations.”

	KI6
	“Data storage and analytics allow us to track student performance effectively.”

	KI7
	“Teachers can now focus on teaching rather than repetitive grading.”

	KI8
	“Exam feedback is now more timely, helping students improve.”

	KI9
	“The system ensures fairness and standardization in assessments.”

	KI10
	“Performance reports guide curriculum adjustments.”

	KI11
	“Automation has reduced clerical errors in exam management.”

	KI12
	“CBT supports remote assessments when needed, increasing flexibility.”






Table 6: Student Engagement and Adaptation
	Participant
	Interview response

	KI1
	“Initially, there was resistance due to fear of technology, but after orientation, most students found it more convenient.”

	KI2
	“Many students have grown comfortable with the format and even prefer it now. They appreciate the immediate results.”

	KI3
	“CBT reduces exam-day anxiety. Students know what to expect and can focus on the content instead of logistics.”

	KI4
	“Students are now more digitally literate and confident in using computers.”

	KI5
	“There is a growing demand among students for more CBT mock exams. They feel it mirrors professional standards.”

	KI6
	“Hands-on practice during orientation boosted student confidence.”

	KI7
	“Students are actively using e-learning platforms to prepare for CBT exams.”

	KI8
	“Positive reinforcement and feedback encouraged adoption.”

	KI9
	“CBT helps students develop critical thinking under exam conditions.”

	KI10
	“Peer support networks assist less confident students in adapting.”

	KI11
	“Students now value the immediate feedback for self-improvement.”

	KI12
	“The majority of students now report a preference for CBT over paper-based exams.”






Table 7: Implementation Challenges
	Participant
	Interview response

	KI1
	“Unstable electricity and internet service can delay exams and frustrate students and staff.”

	KI2
	“Some lecturers are not tech-savvy and require constant support, which slows the process.”

	KI3
	“We’ve had situations where the system crashes during exams, which leads to complaints.”

	KI4
	“There are not enough functioning computers to go around during peak periods.”

	KI5
	“Many first-year students lack basic computer skills, so orientation becomes crucial.”

	KI6
	“Limited bandwidth affects simultaneous exam sessions.”

	KI7
	“Staff turnover means constant retraining is required.”

	KI8
	“Software bugs occasionally delay exam progress.”

	KI9
	“Infrastructure issues often result in postponements.”

	KI10
	“Some exam centers lack sufficient ICT personnel.”

	KI11
	“High student-to-computer ratios create scheduling conflicts.”

	KI12
	“Ongoing technical support is essential to prevent disruptions.”






Table 8: Strategies for Addressing CBT Implementation Challenges
	Participant
	Interview response

	KI1
	“We now use backup power supplies and improved network routers to ensure uninterrupted service.”

	KI2
	“Monthly training sessions for both new and existing staff have been institutionalized.”

	KI3
	“Students receive CBT orientation in their first semester, including mock exams and tutorials.”

	KI4
	“More IT support staff have been hired to ensure exams run smoothly.”

	KI5
	“A maintenance schedule for all CBT facilities is now strictly followed to minimize downtimes.”

	KI6
	“We conduct regular system testing before exams to prevent failures.”

	KI7
	“Technical support is available during all exam sessions.”

	KI8
	“Staff mentoring programs help lecturers adapt to the CBT system.”

	KI9
	“ICT units monitor network traffic to prevent crashes.”

	KI10
	“Mock CBT sessions are now mandatory for students.”

	KI11
	“Orientation sessions now include troubleshooting skills.”

	KI12
	“Feedback from students and staff guides continuous improvement.”






Table 9: Initial Reactions and Adaptation to CBT
	Participant
	Interview response

	KI1
	“I was nervous because I had never taken an exam on a computer.”

	KI2
	“Support from peers and staff made a huge difference.”

	KI3
	“Practice sessions helped me get used to the CBT format.”

	KI4
	“Once I got support from the IT staff, it became easier.”

	KI7
	“Honestly, I was scared at first.”

	KI11
	“After a quick orientation, I felt more confident.”

















Table 10: Students’ Preferences and Perceptions of CBT
	Participant
	Interview response

	KI1
	“I prefer CBT now. It’s faster and saves time.”

	KI3
	“Going back and forth on CBT can be tricky.”

	KI6
	“If the network and computer reliability are in place, CBT is definitely better.”

	KI7
	“I still prefer paper-based exams. I feel more in control.”

	KI9
	“I love CBT. It's the future of assessments.”

	KI12
	“Orientation makes a big difference in my confidence.”

















Table 11: Challenges Encountered by Students Using CBT
	Participant
	Interview response

	KI1
	“Network interruptions are the biggest issue.”

	KI6
	“Power failure disrupted one of our exams.”

	KI8
	“Sometimes the platform freezes during exams, which is stressful.”

	KI10
	“I have low computer skills, so I’m slower.”

	KI11
	“Anxiety is a big challenge, especially with the ticking clock.”


















Table 12: Students’ Perceived Benefits of CBT
	Participant
	Interview response

	KI1
	“It’s more objective. No biased marking.”

	KI3
	“No issue with illegible handwriting anymore.”

	KI10
	“It pushes us to become more computer literate.”

	KI2
	“The instant feedback helps me improve faster.”

	KI5
	“CBT is more environmentally friendly—no paper is used.”


















Table 13: Students’ Views on CBT for Assessing Nursing Competence
	Participant
	Interview response

	KI1
	“It does well for theory, but not so much for practical application.”

	KI5
	“CBT helps assess knowledge but not hands-on skills.”

	KI7
	“Scenario-based questions could improve practical assessment.”

	KI11
	“It can’t test bedside manners or nursing empathy.”



















Table 14: Influence of CBT on Students’ Study Habits
	Participant
	Interview response

	KI5
	“I focus on multiple-choice strategies now.”

	KI6
	“I now use nursing apps and CBT software to prepare.”

	KI8
	“CBT changed my approach to studying. I plan more strategically.”

	KI11
	“Time-based quizzes and flashcards are part of my preparation.”



















Table 15: Students’ Recommendations for Improving CBT
	Participant
	Interview response

	KI1
	“Regular computer training should be part of the curriculum.”

	KI2
	“Provide mock CBTs before real exams to reduce fear.”

	KI4
	“Orientation sessions should include troubleshooting skills.”

	KI5
	“Improve network connectivity and power supply.”

	KI7
	“More computers and stable networks would help during peak exam periods.”

	KI11
	“Support students with low computer skills or special needs.”
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