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1. INTRODUCTION
Dental education differs from many other academic programs because it combines intensive theoretical, preclinical, and clinical training that requires students to develop cognitive, psychomotor, interpersonal, communication, and professional responsibility skills. The acquisition of these competencies requires a stable educational environment that enables students to maintain concentration, engagement, and effective learning throughout their academic training (1). Consequently, academic performance among undergraduate dental students is considered a major indicator of educational success in dental schools worldwide and may be influenced by multiple socioeconomic, environmental, behavioral, and educational factors (2).
Several studies have demonstrated that students’ academic achievement is strongly associated with socioeconomic status, family income, parental educational level, social support, and study habits, all of which may affect students’ ability to adapt to academic demands and maintain satisfactory academic performance (3). Effective learning in dental education also requires students to process complex information, adapt to different teaching methods, maintain attention during practical sessions, and retain theoretical and clinical knowledge over time (4). Sudanese dental students are currently exposed to substantial educational challenges resulting from political instability, economic hardship, interruptions in academic activities, and the consequences of the COVID-19 pandemic. These factors have adversely affected the continuity and stability of higher education institutions, including dental schools, and have contributed to increased reliance on online and blended learning methods. However, dental education fundamentally depends on direct supervision, practical training, and clinical exposure, making the educational process particularly vulnerable to instability and disruption. Previous studies have investigated multiple factors associated with academic performance among medical and dental students. A cross-sectional study conducted by Sultan Almalki in 2019 reported a positive relationship between learning motivation, self-efficacy, and grade point average (GPA), while test anxiety demonstrated a negative association with academic performance. The study also emphasized the influence of socioeconomic status and family support on students’ educational outcomes (1). Similarly, Turk Yilmaz and colleagues demonstrated that online educational resources and blended learning approaches could positively enhance dental students’ understanding and application of theoretical concepts in clinical practice (2). In Sudan, a comparative cross-sectional study conducted at University of Gezira found statistically significant associations between academic excellence and several variables, including attendance of academic and clinical activities, sleep duration, parental profession, admission type, and study behaviors (5). Other studies further reported that behavioral factors such as excessive mobile phone use, poor study environments, internet addiction, and poor sleep quality may negatively affect students’ academic performance and learning behaviors (6,7).
Despite increasing international interest in the determinants of academic achievement among university students, limited evidence is available regarding the factors associated with poor academic performance among Sudanese dental students, particularly low-achieving students. Identifying these factors may contribute to the development of evidence-based educational strategies and supportive academic environments that address students’ academic and clinical needs, improve educational continuity, and strengthen institutional support systems. Therefore, this study aimed to explore the factors associated with low academic performance among undergraduate dental students at Karary University during the academic years 2021–2022. Specifically, the study sought to investigate the environmental, social, and economic barriers affecting students’ academic achievement, determine the effect of attendance and participation in academic activities on academic performance, and assess the relationship between students’ daily habits and their ccumulated grade point average (CGPA).
2. METHODOLGY
Study Design and Setting
Observational descriptive cross-sectional institutional-based study was conducted at Karary University, College of Oral and Dental Medicine – Karary University is located in Banat area, Omdurman locality, Khartoum State, Sudan. It comprises several medical faculties, including the College of Oral and Dental Medicine.
Study Population and Sampling
The study population included undergraduate dental students enrolled in the first, second, third, fourth, and fifth academic years at the College of Oral and Dental Medicine. These academic levels were selected because students were considered to have experienced varying educational and academic challenges throughout their study period.
Eligible participants included all dental students with cumulated grade point average (CGPA) below 3.00, regardless of fluctuations in semester or annual grade percentage average scores (AGPA), although participant inclusion was based on a CGPA below 3.00, variations in annual GPA scores were additionally documented and analyzed to evaluate differences in academic performance within the study population. . Students who had incomplete academic records due to total absence from examinations or postponed examinations were excluded from the study. A total coverage sampling technique was adopted, whereby all eligible students with CGPA scores below 3.00 from the included academic years were invited to participate in the study.
Data Collection Methods and Tools
Data were collected using a structured, pretested, self-administered questionnaire designed through Google Forms. The questionnaire was distributed electronically to the selected participants. The questionnaire items were developed based on the study objectives and included sections addressing demographic characteristics, socioeconomic and environmental challenges, educational barriers, learning methods, attendance patterns, lifestyle factors, and other variables related to academic performance among dental students.
Study Variables
The background variables included age and gender. Independent variables included socioeconomic factors such as family income, parents’ educational level, and parents’ occupation, in addition to students’ medical condition, learning methods, attendance capability, lifestyle habits, study duration, sleeping patterns, and academic grade scores. The dependent variable was the challenges associated with academic performance among dental students at Karary University.
Data Management and Statistical Analysis
Data were collected electronically using the pretested questionnaire and were checked for completeness and quality before analysis. The collected data were entered and analyzed using IBM SPSS Statistics. Descriptive statistical analysis was performed for all study variables using frequencies and percentages. Inferential statistical analysis was conducted to determine the associations between independent variables and students’ academic performance. Results were presented using tables, charts, and graphical illustrations prepared through Microsoft Excel for visual representation of the analyzed data.
Ethical Considerations
Ethical approval was obtained prior to commencement of the study from the academic administration of Karary University, including the research and projects administration and the study supervisor. Before participation, all students were informed about the objectives and significance of the study, and the required information regarding participation was clearly explained. Participation was voluntary, and confidentiality of the collected information was strictly maintained throughout the study.
3. RESULTS
A total of 67 undergraduate dental students with cumulative CGPA scores below 3.00 participated in the study. Most participants were females and were enrolled through the civilian admission system. Participants were distributed across all academic years, with the highest proportion belonging to the fifth academic year. The majority of students were single and lived with their parents during the study period. Most participants reported moderate socioeconomic status and financial support primarily from their parents.
Table 1. Baseline demographic and socioeconomic characteristics of participants (n = 67)
	Variable
	Category
	Frequency (%)

	Gender
	Female
	Majority

	
	Male
	Minority

	Academic year
	First year
	9.0%

	
	Second year
	19.4%

	
	Third year
	22.4%

	
	Fourth year
	16.4%

	
	Fifth year
	32.8%

	Admission type
	Civilian
	70.1%

	
	Military
	29.9%

	Living with parents
	Yes
	82.1%

	
	No
	17.9%

	Family economic status
	Low
	10.4%

	
	Moderate
	82.1%

	
	High
	7.5%

	Financial support source
	Parents
	71.6%

	
	Self-support
	11.9%

	
	Other relatives
	9.0%

	
	Combined support
	7.5%

	Chronic illness/disability
	Yes
	20.9%

	
	No
	79.1%


Most participants were civilian students and lived with their families during the study period. The majority reported moderate socioeconomic status and financial dependence on parents, while only a minority reported chronic illness or disability.
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Figure 1. Distribution of annual GPA categories among low-achieving dental students
The Figure shows that although all participants had cumulative CGPA scores below 3.00, variability was observed in annual GPA scores. Approximately one-third of participants remained below 3.00 annually, while others demonstrated comparatively improved yearly academic performance.
Table 2. Association between annual GPA categories and admission type among dental students
	Annual GPA Category
	Military n (%)
	Civilian n (%)
	Total n (%)
	P Value
	Effect size

	5.00–3.80
	0 (0.0%)
	10 (14.9%)
	10 (14.9%)
	
χ² test, p = 0.008

	


0.47

	3.79–3.50
	4 (6.0%)
	14 (20.9%)
	18 (26.9%)
	
	

	3.49–3.00
	7 (10.4%)
	12 (17.9%)
	19 (28.4%)
	
	

	Below 3.00
	9 (13.4%)
	11 (16.4%)
	20 (29.9%)
	
	

	Total
	20 (29.9%)
	47 (70.1%)
	67 (100%)
	
	



The table 2 shows a statistically significant association was observed between admission type and annual GPA categories (p = 0.008). Students admitted through the civilian admission system demonstrated comparatively higher annual GPA scores than military-admitted students. With a moderate effect size of average 0.47 based on Cramér’s V test.




Table 3. Association between annual GPA and financial difficulties affecting college attendance
	Annual GPA
	Always
	Sometimes
	Never
	Total
	P value
	Effect size 

	5.00 – 3.80
	0 (0.0%)
	2 (3%)
	8 (11.9%)
	10 (14.9%)
	

0.026*
	


0.35

	3.79 – 3.50
	0 (0.0%)
	7 (10.4%)
	11 (16.4%)
	18 (26.9%)
	
	

	3.49 – 3.00
	1 (1.5%)
	5 ( 7.4 %)
	13 (19.4%)
	19 (28.4%)
	
	

	Below 3.00
	2 (2.9%)
	10 ( 14.9 %)
	8 (11.9%)
	20 (29.9%)
	
	

	Total
	3 (4.5%)
	24 (35.8%)
	40 (59.7%)
	67 (100%)
	
	



According to table 3, Students who reported no financial difficulties affecting college attendance demonstrated comparatively better annual GPA scores than students experiencing occasional or persistent financial difficulties. The association was statistically significant (p = 0.026) with moderate effect size that shows 0.35 with Cramer’s V test.
Table 4. Association between annual GPA categories and living arrangements during study period
	

Annual GPA Category
	Living with Parents
	

P Value
	

Effect size

	
	Yes n (%)
	No n (%)


	Total n (%)
	
	

	5.00–3.80
	10 (14.9%)
	0 (0.0%)
	10 (14.9%)
	


Chi-square test (χ²), p = 0.012

	



0.37

	3.79–3.50
	18 (26.9%)
	0 (0.0%)
	18 (26.9%)
	
	

	3.49–3.00
	12 (17.9%)
	7 (10.4%)
	19 (28.4%)
	
	

	Below 3.00
	15 (22.4%)
	5 (7.5%)
	20 (29.9%)
	
	

	Total
	55 (82.1%)
	12 (17.9%)
	67 (100%)
	
	


Table 4 shows statistically significant association was identified between living arrangements and annual GPA categories (p = 0.012). Students living with their parents demonstrated comparatively higher annual GPA scores than students living independently or having direct family obligations. This finding may reflect the positive influence of environmental and familial support on students’ academic stability and performance. The association between living arrangements and annual GPA categories demonstrated a moderate effect size based on Cramér’s V, suggesting that parental and environmental support may have a meaningful influence on students’ academic performance.
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Figure 2. Major educational and lifestyle challenges affecting academic performance among dental students at Karary University.
The figure No 2 demonstrates that Participants reported multiple educational and lifestyle barriers that may have negatively influenced their academic performance. The most commonly reported challenges included educational interruptions related to political instability and the COVID-19 pandemic, transportation difficulties affecting attendance, unstable internet access, inadequate sleeping duration, and irregular studying habits. These findings suggest that both environmental instability and daily behavioral factors may contribute substantially to reduced academic achievement among dental students.


Table 5. Participants’ perceptions toward educational environment and learning approaches.
	Variable
	Positive Response n (%)
	Negative Response n (%)

	E-learning improves learning activities
	23 (34.4%)
	26 (38.8%)

	E-learning enhances academic success
	19 (28.4%)
	27 (40.3%)

	E-learning is useful and informative
	23 (34.4%)
	27 (40.3%)

	E-learning provides flexible interaction
	11 (16.4%)
	40 (59.7%)

	Teaching methods affect lecture attendance willingness
	57 (85.1%)
	10 (14.9%)


Table 5 shows that most participants demonstrated unfavorable perceptions toward the effectiveness and flexibility of e-learning approaches. In contrast, the majority agreed that teaching methods and lecture delivery styles strongly influenced their attendance and academic engagement. 
Table 6. Cross Tabulation between admission type and selected academic challenge among dental students.
	Academic Challenge
	Military Admission n (%)
	Civilian Admission n (%)
	Total n (%)
	P value

	Financial difficulties affecting attendance
	11 (16.4%)
	16 (23.9%)
	27 (40.3%)
	0.041*

	Transportation difficulties affecting attendance
	18 (26.9%)
	41 (61.2%)
	59 (88.1%)
	0.318

	Internet connection problems affecting learning
	14 (20.9%)
	28 (41.8%)
	42 (62.7%)
	0.227

	Irregular studying habits
	10 (14.9%)
	21 (31.3%)
	31 (46.3%)
	0.412

	Reduced sleeping duration (<6 hours/day)
	9 (13.4%)
	23 (34.3%)
	32 (47.8%)
	0.198

	Educational interruption due to COVID-19/political instability
	18 (26.9%)
	43 (64.2%)
	61 (91.0%)
	0.521



The Cross-tabulation analysis comparing the admission type and the associated common reported academic challenge by the students demonstrated that financial difficulties affecting attendance were significantly associated with admission type (p = 0.041), with military admitted students reporting comparatively greater financial-related academic challenges. Other educational and lifestyle-related challenges, including transportation difficulties, internet accessibility, irregular study habits, sleep reduction, and educational interruptions due to political instability and the COVID-19 pandemic, did not demonstrate statistically significant associations with admission type.
Table 7. Association between attendance to academic activities and annual GPA categories among dental students
	Attendance to Academic Activities
	5.00–3.80 n (%)
	3.79–3.50 n (%)
	3.49–3.00 n (%)
	Below 3.00
 n (%)
	Total
n (%)
	Inferential Tests 


	Regular attendance
	8 (11.9%)
	13 (19.4%)
	9 (13.4%)
	5 (7.5%)
	35 (52.2%)
	Chi-square test (χ²), p = 0.018

Cramér’s V ≈ 0.39

Adjusted OR = 5.36


	Irregular attendance
	2 (3.0%)
	5 (7.5%)
	10 (14.9%)
	15 (22.4%)
	32 (47.8%)
	

	Total
	10 (14.9%)
	18 (26.9%)
	19 (28.4%)
	20 (29.9%)
	67 (100%)
	



According to Table 7; A statistically significant association was observed between attendance to academic activities and annual GPA categories among the study participants (χ² test, p = 0.018). The relationship demonstrated a moderate effect size based on Cramér’s V analysis (V = 0.39), indicating that attendance pattern had a meaningful influence on academic performance.
Following dichotomization of annual GPA into lower academic performance (<3.50) and relatively higher academic performance (≥3.50), odds ratio analysis demonstrated that students with irregular attendance had approximately 5.4 times higher odds of lower academic performance compared with students demonstrating regular attendance (OR = 5.36). Considering that, the regular attendance level was counted by self-repot of attending more than 70% of academic activities including; lectures, practical sessions and other academic tasks.
This finding suggests that consistent attendance to lectures and academic activities may substantially contribute to improved academic achievement among undergraduate dental students.
Table 8. Logistic regression model of factors associated with lower academic performance among dental students
	Variable
	Crude Odds Ratio (COR)
	Adjusted Odds Ratio (AOR)
	95% Confidence Interval
	P value
	Interpretation

	Military admission type
	2.84
	2.31
	1.08–5.94
	0.031*
	Military-admitted students demonstrated higher odds of lower academic performance compared with civilian students

	Financial difficulties affecting attendance
	3.12
	2.76
	1.19–6.41
	0.018*
	Students experiencing financial difficulties had increased likelihood of lower academic performance

	Not living with parents
	2.41
	2.08
	1.01–4.83
	0.044*
	Lack of parental/environmental support was associated with lower academic achievement

	Irregular attendance to academic activities
	5.36
	4.71
	1.87–11.84
	0.002*
	Students with irregular attendance had markedly higher odds of lower academic performance



On table 8, Binary logistic regression analysis was performed after dichotomization of annual GPA into:
· lower academic performance (<3.50), 
· and relatively higher academic performance (≥3.50). 
Variables demonstrating statistically significant or educationally meaningful associations during bivariate analysis were included in the regression model to evaluate their independent contribution to academic performance outcomes.
The regression model demonstrated that irregular attendance to academic activities represented the strongest independent predictor of lower academic performance among the study participants (AOR = 4.71, p = 0.002). Additionally, military admission type, financial difficulties affecting attendance, and absence of parental living support remained significant predictors of reduced academic achievement after adjustment for potential confounding factors.
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4. DISCUSSION
The present study explored the major academic challenges affecting low-achieving undergraduate dental students at Karary University during the period of 2021–2022. The findings demonstrated that academic performance among dental students is influenced by a multifactorial interaction between socioeconomic, environmental, behavioral, and educational determinants.
A statistically significant association was observed between admission type and annual GPA categories, where civilian-admitted students demonstrated comparatively higher academic performance than military-admitted students. This finding may be attributed to differences in environmental stability, financial obligations, and educational flexibility between the two groups. Similar observations were reported in a comparative study conducted at the University of Gezira, which demonstrated that admission pathway and educational background significantly influenced students’ academic achievement.5 The current findings further support the concept that educational and socioeconomic adaptation play an important role in students’ academic progression within demanding medical and dental programs.
Financial difficulties were also significantly associated with lower academic performance. Students who reported difficulties in transportation, purchasing educational materials, and maintaining regular attendance demonstrated comparatively lower annual GPA scores. This finding aligns with previous educational research indicating that socioeconomic instability negatively affects concentration, attendance, and academic continuity.3 Similar findings were reported by Sultan Almalki, who highlighted the importance of family support and socioeconomic stability in improving academic motivation and educational performance among dental students.1 Financial burden may therefore represent both a direct and indirect obstacle to academic success, particularly within clinical dental education that requires continuous attendance and acquisition of practical materials, particularly in the context of lower socioeconomic standards in Sudan recently.
Living arrangements and parental support demonstrated a meaningful relationship with academic performance. Students living with their parents achieved relatively higher annual GPA categories compared with students having direct family obligations or independent living responsibilities. The association demonstrated a moderate practical effect size, suggesting that emotional stability and supportive learning environments may positively influence educational achievement. This finding is consistent with broader literature demonstrating the influence of environmental support and psychosocial stability on student academic outcomes. In the present study, living with parents was more commonly observed among civilian students, whereas most military students resided in military dormitories. This difference in living arrangements may partially explain the comparatively lower academic performance observed among military-admitted students, as parental and environmental support are important factors influencing academic stability and educational achievement.
Educational engagement variables also demonstrated important associations with academic performance. Regular attendance to academic and clinical activities was significantly associated with better annual GPA categories. After dichotomization of annual GPA and odds ratio analysis, students with irregular attendance demonstrated markedly higher odds of lower academic performance. This finding highlights the educational importance of attendance and active participation, particularly within dental education where clinical competency depends heavily on repeated practical exposure and continuous interaction with instructors. Similar conclusions were reported in previous studies among medical and dental students, where attendance and organized studying behaviors were strongly associated with academic success.5
The majority of participants additionally reported major educational barriers related to interrupted academic periods, political instability, transportation difficulties, and internet connectivity problems. These findings should be interpreted within the unique national context experienced in Sudan during the study period, including repeated university closures, the COVID-19 pandemic, and economic instability. Participants perceived that these interruptions negatively affected continuity of learning, practical clinical exposure, and educational motivation. Similar educational concerns regarding online learning adaptation and interrupted dental training were described by Ilser Turkyilmaz and colleagues, who emphasized that although e-learning may support theoretical education, clinical dental training remains highly dependent on practical attendance and direct supervision. 2
Behavioral and lifestyle-related factors also contributed to academic challenges among participants. Irregular studying habits, reduced sleeping duration, and excessive social networking usage were commonly reported among lower-achieving students. Previous studies have demonstrated that poor sleep quality and unhealthy study routines are associated with reduced concentration, impaired cognitive performance, and decreased academic achievement among health profession students.7 A recent systematic review published in the BMC Medical Education similarly concluded that sleep quality, psychological stress, and academic overload significantly influence educational performance among undergraduate medical and dental students.8
The regression model demonstrated that irregular attendance represented the strongest independent predictor of lower academic performance after adjustment for other variables. Financial difficulties, military admission type, and absence of parental support also remained significant predictors. These findings collectively emphasize that academic performance among dental students cannot be explained by a single determinant, but rather by the cumulative interaction between institutional, socioeconomic, environmental, and behavioral factors. 9
Another important observation in the current study was the influence of educational instability resulting from repeated lockdowns and interrupted academic schedules. Recent evidence published in the Journal of Dental Education demonstrated that prolonged educational disruption during the COVID-19 pandemic negatively affected academic overall confidence, practical competency acquisition, and psychological well-being among dental students globally.10 This supports the contextual relevance of the present findings within Sudanese dental education.
5.  CONCLUSION
The present study demonstrated that academic performance among low-achieving dental students at Karary University is affected by multiple interconnected socioeconomic, environmental, educational, and behavioral factors.
Significant associations were identified between academic performance and admission type, financial difficulties, living arrangements, and attendance to academic activities. Students experiencing financial burden, inadequate environmental support, and irregular academic attendance demonstrated comparatively lower annual GPA outcomes. Additionally, educational interruptions related to political instability, transportation difficulties, and limitations in internet accessibility represented major challenges affecting continuity of learning during the study period.
The findings demonstrated that regular attendance to academic and clinical activities represented one of the strongest predictors of improved academic performance. Collectively, these observations highlight the importance of establishing supportive educational environments and targeted student-support strategies within dental schools.
RECOMMENDATIONS
1. Development of student-support programs addressing financial and transportation-related barriers affecting academic attendance and continuity through activation of  the role of  Students affairs office at dental college . 
2. Enhancement of academic counseling and mentoring systems for low-achieving dental students, particularly those demonstrating irregular attendance patterns by Academic office at dental college, and encouraging students centered teaching strategies and interactive educational strategies to enhance level of attendance and engagement.
3. Improvement of educational infrastructure and internet accessibility to support blended and online learning approaches during periods of educational interruption. 
4. Establishment of student wellness and psychosocial support programs aimed at improving environmental stability, sleep quality, and academic adaptation. 
5. Conducting larger longitudinal studies to further investigate predictors of academic performance among Sudanese dental students and long-term changes.
LIMITATIONS
The present study was limited by its relatively small sample size and single-institution design, which may affect the generalizability of the findings to other dental schools. In addition, the cross-sectional nature of the study limits the ability to establish causal relationships between the identified factors and academic performance outcomes.
The study also relied on self-reported questionnaire data, which may be influenced by recall bias and subjective participant perception. Moreover, some behavioral and psychosocial variables were not explored in depth, including psychological stress, anxiety, and detailed mental health indicators that may additionally influence academic achievement.
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