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Analysing the use of Information and Communication Technologies (ICT) and associated factors among final-year students at the Faculty of Medicine and Pharmacy, University of Kisangani, Democratic Republic of Congo


ABSTRACT
Introduction: The integration of ICT into medical education in the DRC is hampered by structural challenges. This study aimed to analyze the use of ICT and its associated factors among final-year students at the University of Kisangani (UNIKIS), where data is  undocumented.
Methods: A cross-sectional analytical study was conducted on 145 final-year students at UNIKIS (response rate of 97.3%) using a self-administered questionnaire. Intensive ICT use (≥2 hours/day) was analyzed using multivariate logistic regression to identify associated factors (p<0.05).
Results: The majority of students (78.6%) used ICT daily (average of 2.2 hours/day), mainly via smartphone (93.4%). The main activities included documentary research and the use of AI tools. Although 93.1% considered ICT essential, the major obstacles were cost (84.1%) and infrastructure (76.6%). In multivariate analysis, higher socioeconomic status (AOR=3.2), prior computer training (AOR=2.7), and home Wi-Fi access (AOR=2.4) were independently associated with intensive use.
Discussion: High ICT usage is consistent with global trends, as are the structural and economic barriers identified, which are typical of countries with limited resources. Associated factors (socioeconomic status, education) confirm the role of financial resources and digital skills. Recommendations for improving infrastructure and reducing costs are in line with international literature on ensuring digital equity.
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I. INTRODUCTION
Information and communication technologies (ICT) encompass all technologies used to process, modify and exchange information in electronic format (Hedhli et al., 2021). When these digital tools and products are used for educational purposes, they are referred to as educational information and communication technologies. These technologies are changing the learning paradigm and reducing learning time for learners. Their integration into the health sciences programme has added value in both didactic and pedagogical terms (Hedhli et al., 2021).
Indeed, they simplify access to scientific resources, encourage individual work and offer an interface that facilitates interaction between trainers and learners, or between learners themselves (Ratheeswari, 2018).
The integration of ICT into medical training presents a diverse global picture. In high-income countries, their integration is well established and advanced, with curricula benefiting from sophisticated digital learning environments and the use of cutting-edge technologies such as virtual simulation, virtual reality and artificial intelligence (Hare et al., 2022 ; Knopp et al., 2023 ; Onoue et al., 2024 ; Wu et al., 2022).
In countries with limited resources, the integration of ICT into student education is progressing, but it is still hampered by numerous structural challenges. The main obstacles include inadequate digital infrastructure, poor internet connectivity, a lack of technological resources, and the absence or obsolescence of policies for integrating ICT into education (Cappelli & Akkari, 2024).
These difficulties limit the development of digital skills and access to innovative teaching methods, even though students show a positive interest in online learning and training initiatives are in place (Ndibalema, 2025).
In sub-Saharan Africa, the situation is similar: the digital transformation of education is seen as a solution for the future, but its implementation remains uneven and highly dependent on the local context (Van Der Merwe et al., 2023).
The main challenges relate to access to equipment, teacher training, technical support and consideration of socio-cultural realities (Cappelli & Akkari, 2024).
Despite these obstacles, progress has been made, particularly in the adoption of e-learning and digital platforms, but their impact remains limited without a comprehensive approach tailored to the specific needs of the region (Van Der Merwe et al., 2023).
In the Democratic Republic of Congo (DRC), there are significant disparities in access to digital technologies. Although the overall mobile penetration rate reached 67.2% at the end of 2024, mobile internet penetration remained significantly lower, at only 34.6%. This gap highlights that while access to mobile telephony is improving, access to the internet remains limited, although it is constantly improving thanks to the rise of mobile technologies and the development of telecommunications infrastructure (ARPTC, 2024 ; OECD, 2021 ; Providence et al., 2020).
The widespread use of the internet for educational purposes in the DRC faces three constraints : economic, due to the high cost of services ; technical, due to poor connection performance ; and energy, due to limited access to electricity (Kiketa et al., 2022).
The University of Kisangani (UNIKIS), an important institution for higher education in the DRC, has recently embarked on projects designed to enhance its digital infrastructure and to incorporate information and communication technologies (ICT) into its educational curricula.
Nonetheless, there is a nearly total lack of information regarding the real-world application of these technologies by students in the fields of medicine and pharmacy, along with the variables that impact this usage.
Therefore, this investigation aims to analyze the employment of ICT among final-year students at the Faculty of Medicine and Pharmacy at UNIKIS, and to uncover the socio-demographic, economic, and academic factors that correlate with this employment.
II. METHODS
2.1. Study Setting
This study was conducted at the Faculty of Medicine and Pharmacy of the University of Kisangani (UNIKIS). Located in the city of Kisangani, which is the capital of Tshopo Province in the Democratic Republic of Congo, this faculty offers a seven-year training programme for general practitioners and a six-year pharmacy programme.
2.2. Study Design and Study Period
We conducted a descriptive and analytical cross-sectional study during the period from 1 September to 31 October 2025, a period of two months. 
2.3. Study Population and Sample Size
The target population included all final-year students enrolled in their final year of medicine (7th year) for the 2025-2026 academic year. Of the 149 eligible students, 145 participated in the study, representing a response rate of 97.3%. A convenience sampling method was therefore selected, given the number of students available.
2.4. Conduct of the Survey
A self-administered questionnaire, previously tested on 15 third-year doctoral students (not included in the final study), was used to collect data. This questionnaire consisted of four main sections :
1. Socio-demographic and economic characteristics: age, gender, marital status, field of study, socio-economic status (assessed using a composite scale including monthly family income, assets owned and type of housing).
2. Access to and use of ICT : ownership of digital devices, frequency of use, places of internet access, monthly cost of ICT.
3. Specific use of ICT for learning: types of digital resources consulted, medical applications used, participation in online training.
4. Perceived barriers and facilitators: barriers to ICT use, facilitating factors, perception of the usefulness of ICT in medical training.
2.5. Data Collection and Study Procedure
Skilled interviewers used a structured and standardised questionnaire to collect data. The Kobocollect application, version 2024.2.4, was used to enter the data.
2.6. Data Quality Management
The questionnaire was developed by a specialist in Internal Medicine from the Faculty of Medicine and Pharmacy at the University of Kisangani. Apparent validity and content validity tests were carried out by a Researcher Specialising in Public Health from the same faculty to ensure its applicability to the local population.
2.7. Variables of interest
The main dependent variable was intensive use of ICT for learning, defined as daily use of at least two hours of digital technologies for activities related to medical or pharmaceutical studies. The independent variables included socio-demographic characteristics, socio-economic status, field of study, previous computer training, and perception of the usefulness of ICT.
2.8. Statistical Analyses
The data were entered and analysed using SPSS version 28.0 software. Descriptive analysis used frequencies, percentages, means and standard deviations. For bivariate analysis, we used the Chi-square test to compare proportions and Student's t-test to compare means, with a significance threshold set at p<0.05.
A multivariate logistic regression analysis was performed to identify factors independently associated with intensive ICT use, including all variables that showed a significant association (p<0.10) in the bivariate analysis. The results are presented as odds ratios (OR) with their 95% confidence intervals (95% CI).
III. RESULTS
3.1. Socio-demographic characteristics of participants
The study of the socio-demographic profile of the participants indicates that they are young, with an average age of 26.3 ± 2.4 years, and that a large proportion of them are male (74.5%). The majority of them live alone (78.6%). The socioeconomic analysis showed a predominance of middle (42.1%) and lower (34.5%) classes. It should be noted that most participants had no previous training in computer science. These data are presented in Table 1.
Table 1. Sociodemographic characteristics of study participants (N=145)
	Characteristics
	N
	%

	Sex
	
	

	Male
	108
	74.5

	Female 
	37
	25.5

	Age group (years)
	
	

	20-29
	127
	87.6

	≥ 30
Mean ± Standard deviation (26.3±2.4 years)
	18
	12.4

	Marital status
	
	

	Lives alone
	128
	88.2

	Lives with spouses 
	17
	11.8

	Socio-economic status
	
	

	Superior
	34
	23.4

	Middle 
	61
	42.1

	Inferior
	50
	34.5

	Previous training in computer science
	
	

	Yes
	63
	43.4

	No
	82
	56.6



We classified socioeconomic status into three levels (Low, Medium, High) based on an asset-based index/monthly allowance tertiles rather than declared income. This approach aligns with standard methodologies for low-resource settings (e.g., DHS surveys), overcoming the unreliability of income data in the informal sector while allowing for a granular analysis of the inequality gradient in ICT access.
3.2. Access to digital devices and the internet 
The study of access to technology reveals a significant presence of mobile devices. Smartphones are practically ubiquitous (93.4%), and a majority of students have a laptop (68.3%). However, tablets (27.6%) and desktop computers (7.4%) are much less common. In terms of connectivity, internet access via mobile data is far more prevalent (86.2%) than home Wi-Fi (13.4%). The use of shared infrastructure such as internet café (9.5%) seems to be a temporary solution. From an economic perspective, the amount of money spent on connectivity is significant, averaging 15.7 ± US dollars per month. 
3.3. Terms and conditions for using ICT in an academic context
Of all participants, 78.6% (n=114) used information and communication technologies on a daily basis as part of their medical or pharmacy training, spending an average of 2.2 ± 1.8 hours each day on this activity. The main activities carried out included searching for documents (54.5%), watching educational videos (23.4%), consulting medical journals on the Internet (7.6%) and using specific medical applications (12.4%). Enrolment in online courses was less common (8.6%), as was the use of virtual medical simulators (2.9%).
The most widely used medical applications were Deepseek (68.9%), MSD (66.2%), YouTube (57.9%), ChatGPT (54.4%), and Gemini (44.1%).

Figure 1. Distribution of digital resources consulted by students.
3.4. Perception of ICT in medical education 
93.1% of participants rated ICT as ‘very useful’ or ‘essential’ to their learning.  The main benefits identified included access to up-to-date medical information (96.6%), support for self-directed learning (89.7%), a better understanding of difficult concepts (85.5 %) and preparation for practising medicine today (82.1%). 
3.5. Major obstacles to ICT use
According to Table 2, many participants reported significant difficulties in making optimal use of ICT during their training. 84.1% of students reported the high cost of internet access, while 76.6% highlighted the inadequacy of university infrastructure. Other concerns included the instability of the internet network (74.5%), the lack of specific training in the use of ICT in medicine (67.6%) and frequent power cuts (63.4%).
Table 2. Main barriers to ICT use reported by participants (N=145)
	Barriers
	n
	%

	High cost of internet connection
	122
	84.1

	Inadequate university infrastructure
	111
	76.6

	Internet network instability
	89
	61.3

	Lack of training in the use of ICT in medicine
	78
	53.7

	Frequent power cuts
	69
	47.5

	Lack of digital skills
	66
	45.5

	Language barrier (resources mainly in English)
	61
	42.0

	Lack of ICT integration in the curriculum
	58
	33.7

	Lack of encouragement from teachers
	53
	35.5

	Preference for traditional learning methods
	38
	26.2



3.6. Factors associated with intensive ICT usage
The bivariate analysis highlighted several factors strongly correlated with intensive use of information and communication technologies in education, such as high socioeconomic status (p<0.001), previous training in computer science (p=0.003), male gender (p=0.037) and availability of a Wi-Fi connection at home (p<0.001).
Multivariate analysis (Table 3) indicated that various factors, such as high socioeconomic status (AOR=3.2 ; [CI : 1.8-5.7]), prior training in computer science (AOR=2.7 ; [CI : 1.4-5.1]), medical studies compared to pharmaceutical studies (AOR=1.9 ; [CI : 1.1-3.3]), and Home Wi-Fi access (AOR=2.4 ; [CI : 1.3-4.6]) were independently associated with intensive use of information and communication technologies after adjusting for potentially confounding variables.  
Table 3. Factors associated with intensive ICT use (multivariate analysis)
	Factors
	AOR 
	CI 95%
	p-value

	Socio-economic status
	
	
	

	Superior
	3.2
	1.8-5.7
	<0.001

	Middle
	1.7
	0.9-3.1
	0.089

	Inferior
	1.0 (Réf)
	
	

	Previous training in computer science 
	
	
	

	Yes
	2.7
	1.4-5.1
	0.003

	No
	1.0 (Réf)
	
	

	Sex
	
	
	

	Male
	1.6
	0.9-2.8
	0.118

	Female
	1.0 (Réf)
	
	

	Home Wi-Fi access
	
	
	

	Yes
	2.4
	1.3-4.6
	0.007

	No
	1.0 (Réf)
	
	

	Age 

	0.9
	0.8-1.1
	0.413


3.7. Suggestions for improvement 
The recommendations for improvement made by students focus on four main areas. It is essential to prioritise improving technological infrastructure (87.2%), followed by reducing access costs (79.4%), integrating ICT into the curriculum (71.9%) and strengthening training programmes (65.6%).
IV. DISCUSSION
4.1. Access to and use of ICTs among study participants
4.1.1. Daily use
The daily ICT usage rate of 78.6% in our series is consistent with international observations, particularly in Mexico and India (Linsha & Bavakutty, 2021; Rodríguez-Ríos et al., 2020). However, this result contrasts with lower rates reported in Ethiopia (55.8%), highlighting that ICT adoption is strongly influenced by contextual factors (Hailegebreal et al., 2022). The discrepancies can be explained by barriers such as lack of technical support, unstable internet connection and lack of formal training, which have a decisive influence on the effective integration of digital tools into medical training (Al-Jumaili et al., 2021; Rodríguez-Ríos et al., 2020).
4.1.2. Daily duration of ICT use
The daily duration of ICT use of 2.2 ± 1.8 hours in our study is in line with the general trend reported in the literature, which confirms the almost universal adoption of mobile technologies by health students for their academic activities (Hailegebreal et al., 2022; Al-Jumaili et al., 2021). However, the intensity of ICT use is modulated by several explanatory factors. Key determinants such as skill level, training, quality of Internet access and institutional support explain the disparities observed among student populations (Linsha & Bavakutty, 2021; Hailegebreal et al., 2022). The stage of the programme also has an impact, with one study showing lower usage among more advanced students, possibly due to a heavier clinical workload (Rodríguez-Ríos et al., 2020).
4.1.3. Preferred devices
The high adoption rate of smartphones (93.4%) and laptops (68.3%) among our participants corroborates observations found in international literature. Several studies confirm that mobile devices are now the primary tools used by health science students for their online learning and research activities (Gutmann et al., 2015; Linsha & Bavakutty, 2021). 
The use of mobile applications and digital media now exceeds that of traditional resources, reflecting a global trend towards mobility and flexibility in learning (Linsha & Bavakutty, 2021).
The ubiquity of smartphones in this study could be explained by their portability, relatively affordable cost and versatility, while the lower use of laptops could reflect economic or logistical constraints specific to the local context.
However, some results contradict our observation. In certain universities, laptop usage may be higher, particularly when internet access is stable and infrastructure is well developed (Hailegebreal et al., 2022; Al-Jumaili et al., 2021).
The explanations for these discrepancies often lie in differences in access to infrastructure, the quality of the internet network, the cost of devices, and institutional policies supporting ICT integration (Linsha & Bavakutty, 2021; Hailegebreal et al., 2022). 
4.1.4. Connection mode
The predominant use of mobile data to access the Internet among final-year students at the Faculty of Medicine and Pharmacy of the University of Kisangani (86.2%) is consistent with studies conducted among Brazilian and Mexican students (Pereira et al., 2021; Rodríguez-Ríos et al., 2020). This trend can be explained by the portability and relatively affordable cost of mobile data compared to other forms of connection, and the flexibility offered by these devices in contexts where wired infrastructure is limited (Ordaya-Gonzales et al., 2024; Varela et al., 2022). However, in academic environments with better infrastructure, the use of laptops and institutional Wi-Fi networks may be more widespread (Al-Jumaili et al., 2021; Varela et al., 2022). 
4.1.5. The most consulted digital resources
The dependence of Kisangani students on various digital resources (Deepseek, MSD, YouTube, ChatGPT) reflects a global trend in medical education. Numerous studies confirm that medical students now rely primarily on online tools, including mobile applications and video platforms, which serve as a complement or alternative to conventional teaching materials (Gutmann et al., 2015; Hamilton et al., 2020; Wynter et al., 2019). One study found that 92% of students used online videos and 90% used question banks to revise, while another highlighted the growing popularity of mobile applications and interactive platforms (Gutmann et al., 2015). 
Furthermore, in some countries, students still prefer personal notes, books or institutional materials, and the use of resources such as artificial intelligence (ChatGPT, Gemini) remains less documented or less widespread (Gutmann et al., 2015; Kori & Patil, 2025).
These differences can be explained by the accessibility of platforms, language, trust in the reliability of sources, or the level of digital literacy training (Hettige et al., 2022; Kori & Patil, 2025). 
4.1.6. Main activities when using ICT
In line with a global trend, medical students mainly focus their digital learning efforts on searching for documents and watching educational videos. Studies conducted in several countries, such as South Korea, Saudi Arabia and Japan, reveal a strong preference for multimedia content, particularly videos on platforms such as YouTube. These videos are considered extremely useful for understanding complex topics and reviewing knowledge (Aldobekhi, 2024; Kim, 2024; Xin et al., 2021). 
However, this trend is not universal. In some contexts, students still prefer traditional media such as lecture notes and printed books, while limited access to reliable resources often leads them to rely on general web searches or wikis, as in Sri Lanka (Hettige et al., 2022).
The availability of digital resources, the quality of the internet connection, training in documentary research and trust in sources could explain this difference (Hailegebreal et al., 2022; Hettige et al., 2022). 
4.2. Perception and barriers
4.2.1. Perception of the usefulness of ICT
The very positive perception of the usefulness of ICT by students in Kisangani (93.1%) reflects a global trend in medical training. The literature confirms that medical students overwhelmingly support the integration of digital tools, considering them to be major, effective and practical assets for improving access to information and understanding (Delungahawatta et al., 2022; Kanmodi et al., 2020; Tang et al., 2018).
This positive perception can be explained by the ability of ICTs to offer personalised, remotely accessible learning and to facilitate peer collaboration (Delungahawatta et al., 2022; Milic et al., 2018). 
However, this general enthusiasm is sometimes tempered by practical obstacles reported in the literature, such as poor internet connection quality, a lack of adequate training, and the difficulty for students to assess the reliability of online information (Islam et al., 2022; Stojan et al., 2021).
4.2.2. Barriers to ICT use
Students in Kisangani report obstacles to ICT use, such as high connection costs and network instability, which are persistent problems already documented in international scientific publications. Numerous studies highlight that affordable access to the Internet and the performance of technical infrastructure (including hardware and institutional support) are significant barriers, especially in countries with limited resources. For example, students in India and Bangladesh mainly cite insufficient connectivity and high data costs as major obstacles (Islam et al., 2022; Kumar et al., 2023; Wu et al., 2022).
The obstacles encountered can be explained by both structural and economic factors. The lack of adequate infrastructure, power cuts and the high cost of the Internet exacerbate inequalities in access. The accelerated transition to distance learning during the pandemic has highlighted these disparities and underscored the urgent need to invest in sustainable solutions to ensure digital equity (Islam et al., 2022; Wu et al., 2022). 
4.3. Factors associated with intensive ICT use
Similar results have been observed in several studies concerning factors associated with intensive ICT use among medical students. Higher socioeconomic status is often linked to increased ICT use, as it allows for better access to equipment, high-quality internet connections and digital resources (Hailegebreal et al., 2022; Linsha & Bavakutty, 2021).
In addition, prior training in computer science or ICT is a determining factor: students who have received formal training or have good computer skills are significantly more likely to use ICT intensively, as they feel more comfortable and efficient in their use (Hailegebreal et al., 2022; Milic et al., 2018). 
Access to Wi-Fi at home or a stable internet connection is also a major facilitator, as it removes technical barriers and allows for regular and prolonged use of online resources (Linsha & Bavakutty, 2021; Pandey et al., 2025). 
These associations can be explained by the fact that students from privileged backgrounds have more resources to equip themselves and learn, while prior training reduces apprehension about digital tools and promotes their integration into everyday practices (Hailegebreal et al., 2022; Milic et al., 2018). 
Furthermore, the availability of a reliable internet connection at home is directly correlated with intensive and independent use of ICT, as it facilitates access to online educational resources (Linsha & Bavakutty, 2021; Pandey et al., 2025). 
4.4. Suggestions for improvement
The requests made by students in Kisangani for improvements to ICT infrastructure and lower costs are widely echoed in international literature, particularly in the context of medical training in Africa and Asia. Case studies validate this approach: experience in Mozambique shows that investment in connectivity and equipment improves the quality of training. Similarly, surveys in India highlight the need for affordable internet access for equitable e-learning, while the context in Botswana highlights the importance of complementary strategies such as offline resources and technical training to overcome infrastructure limitations (Singh et al., 2021; Witt et al., 2016; Zavale et al., 2019). 
These suggestions are explained by the fact that, in resource-constrained countries, structural and economic barriers remain the main obstacles to the integration of ICTs in medical education. Improving infrastructure and reducing access costs are therefore seen as essential levers for ensuring equity, autonomy and quality in digital learning (Singh et al., 2021; Zavale et al., 2019). 
4.5. Strengths and limitations of the study
The main strengths of the study lie in its very high participation rate (97.3%), which ensures that the sample is highly representative, its contextual relevance in providing previously unpublished local data, its methodological rigour thanks to the use of a validated questionnaire, and the robustness of its statistical analysis (logistic regression) to identify independent factors.
However, the study has several weaknesses, including its cross-sectional design, which does not allow causal links to be established, its reliance on self-reported data that is subject to bias, the use of a binary dependent variable that simplifies the reality of usage, and finally, limited generalisability due to the very specific and localised nature of the sample.

V. CONCLUSION
The data from this study show that final-year medical students at UNIKIS make extensive use of ICT and AI and have a very positive perception of them, but their integration is hampered by major economic and structural obstacles, such as the cost of the internet and poor infrastructure. Intensive use correlates with high socio-economic status, prior training and home Wi-Fi access, highlighting the urgent need to improve infrastructure and accessibility in order to ensure equitable and optimised medical training in the DRC. 
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