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Abstract: Globally, educational institutions have reported a dramatic shift to online learning in an effort to contain the COVID-19 pandemic. The fundamental concern has been the continuance of education. As a result, several novel solutions have been developed to address technical and pedagogical issues. However, these were not the only difficulties that students faced. The implemented solutions involved the operation of the educational process with less regard for students’ changing circumstances, which obliged them to study from home. Students should be asked to provide a full list of their concerns. As a result, student reflections, including those from Saudi Arabia, have been analysed to identify obstacles encountered during the COVID-19 pandemic. However, most of the analyses relied on closed-ended questions, which limited student involvement. To delve into students’ responses, this study used open-ended questions, a qualitative method (content analysis), a quantitative method (topic modelling), and a sentimental analysis. This study also looked at students’ emotional states during and after the COVID-19 pandemic. In terms of determining trends in students’ input, the results showed that quantitative and qualitative methods produced similar outcomes. Students had unfavourable sentiments about studying during COVID-19 and positive sentiments about the face-to-face study. Furthermore, topic modelling has revealed that the majority of difficulties are more related to the environment (home) and social life. Students were less accepting of online learning. As a result, it is possible to conclude that face-to-face study still attracts students and provides benefits that online study cannot, such as social interaction and effective eye-to-eye communication.
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1  Introduction

On the 3rd of March, 2020, the first COVID-19 case in Saudi Arabia was reported [1]. To combat the spread of COVID-19 in Saudi Arabia, educational institutes shifted to complete online learning on the 8th of March, 2020 [2]. Many studies [2–9] have reported on Saudi Arabian universities’ experiences with full-fledged online learning. The early weeks of transformation saw technological and pedagogical challenges, which were overcome using a variety of techniques. While it is theoretically possible to deliver instruction to students online, their physical academic life is irreplaceable. As a result, students have experienced impediments with such comprehensive changes [5]. Saudi students are socialised [10] and prefer to acquire academic instruction on campus [5]. There has been criticism [11] that, while lecturers have received relevant training to become fully prepared, little attention has been paid to students; this may provide some context for student complaints.

This study uses Artificial Intelligence (AI) tools, specifically Natural Language Processing (NLP), to analyse students’ input in order to identify themes (reasons, preferences, and challenges) that better explain their satisfaction or dissatisfaction with online and face-to-face learning. Topic modelling was used in this study to assess the proportion of the probable list of concerns encountered by students. Since there was no topic modelling to precisely indicate the number of themes in the students’ reviews, this study relied on content analysis and Grid-search to determine the possible number of themes. To produce a more accurate representation, topic modelling has been combined with additional processes. Unlike many other studies concerned with students’ input during and/or after COVID-19 in the Saudi Arabian context, this study collected data at several periods in time and used mixed approaches to analyse the data, which may produce more consistent results.

2  Literature Review

The closure of educational facilities in Saudi Arabia as a result of the COVID-19 pandemic, as well as the sudden change from face-to-face learning to online learning, has created a number of issues [8]. According to one source, due to the sole usage of online learning during the lockdown, the Saudi education system encountered serious obstacles, including students’ psychological preparation and motivation [9]. There is one worldwide issue; for example, the Japanese education community prefers the current function of online learning (i.e., working alongside face-to-face) and has impeded its spread owing to the COVID-19 pandemic [12]. Similarly, multiple studies [13] suggest that educational communities prefer blended-learning models.

It has been stated that higher education institutions experienced a number of challenges during the COVID-19 pandemic. For example, students’ motivation to continue their studies online during lockdown was moderate, and the educational community played a smaller role in increasing students’ acceptance of online learning as a distinct educational channel during lockdown [12]. Furthermore, students have expressed concerns regarding the reliability of their internet connection when studying online [12,14].

Students encountered challenges in terms of educational flexibility, computer usage, communication with classmates and lecturers, and a lack of human interaction in the Saudi setting of online learning during lockdown [15]. Similar findings indicated that students were uninterested in a full transition to online instruction [16,17]. In reality, significant challenges were anticipated for students in Saudi Arabia during lockdown [16] as a result of a sudden shift to online learning, which had previously been optional during face-to-face study sessions [6]. However, studies in the Saudi context (1) used specific scales that are typically used in regular situations rather than specific situations such as a lockdown; (2) used small samples of students ([4] surveyed 25; [18] surveyed 68; [15] surveyed 106; [16] surveyed 174; [8] surveyed 60); and (3) used closed-ended questions (e.g., [2,4,5,15,17–22]). These preceding criteria may limit the identification of all conceivable issues that students wish to communicate. Furthermore, employing open-ended questions and analysing data using AI algorithms may disclose more details than conventional statistical procedures or human observations.

In the post-COVID-19 period, universities increased their digital transformation of education [12,19,20,23]. Furthermore, it has been suggested that conventional online teaching materials, such as lengthy records and slides, be replaced with short and interesting videos [23]. During lockdown, however, a considerable proportion of students indicated a preference for face-to-face instructional approaches [14]. As a result, blended learning has been identified as the best post-COVID-19 learning environment [13,24–26]. Blended learning, with a higher emphasis on face-to-face interactions with students, was recommended by medical researchers [27]. On the other hand, lockdowns produced by the COVID-19 pandemic have impacted students’ perceptions of education, and noticeable modifications have been discovered [26].

According to studies, the concerns that arose during Saudi lockdowns were mostly technical and academic in nature. This does not entail that they were the only problems encountered. Due to the nature of the closed-ended questions, students’ responses were limited to the scope provided by the researchers. As a result, concerns unrelated to academic and technological aspects have been neglected. This study discovered that by allowing students to express themselves freely and employing AI approaches, all potential issues could be identified. The use of AI has led to educational shifts during lockdown by analysing students’ performance and engagement while learning online [12]. Nonetheless, insufficient studies have used AI, particularly NLP, with Saudi students’ input during and after COVID-19. This study combines NLP approaches (topic modelling and sentimental analysis) to examine Saudi students’ feedback on their experiences with online learning during lockdowns, as well as their experiences and sentimental status after returning to campus. In contrast to content analysis, which has been used in many other studies related to the Saudi context, using topic modelling and sentimental analysis reduces time in terms of discovering patterns and emotions from students’ input. In other words, when combined with text analysis and Grid-search, topic modelling can produce a more specific list of themes and their corresponding weights.

3  Research Method

Since the input to this study has no specific assumptions, the use of open-ended questions is appropriate for allowing students to discuss any and all concerns that may arise. This study employed open-ended questionnaires [28,29] to elicit students’ perspectives on learning during lockdown and after COVID-19. Open-ended questions were chosen because their answers are more reliable and useful than those of closed-ended questions [30].

Texts were mostly analysed qualitatively as the only input for this study, which was accomplished by content analysis. However, quantitative approaches, such as those offered by AI, can analyse texts and provide statistics to back up the findings of qualitative approaches. Following that, this study used quantitative and qualitative methods to record students’ opinions of higher education during COVID-19 and after lockdowns were lifted. In the social, behavioural, and educational sciences, the operational approach entails gathering and combining quantitative and qualitative data on a regular basis [24]. Subsequently, the analysis was done in three steps to capture the themes. The first step used a qualitative method called content analysis, which is a common methodology for analysing texts. There are three approaches to content analysis: conventional, directed, and summative [30]. Because of the nature of this study, which had no specific theory as a foundation, the conventional approach was utilised to analyse the results. The results of content analysis were used to confirm the findings of topic modelling. The second step was a quantitative approach based on topic modelling, specifically Latent Dirichlet Allocation (LDA). The third step was to conduct sentimental analysis and emotion recognition to determine the sentimental status and emotions connected with themes among students.

3.1 Study Population

The significance and reliability of this study’s methodology are demonstrated in the following instances: (1) In May 2020, while students were in the midst of a lockdown, data collection took place in Saudi Arabia (among 406 respondents) to capture students’ perceptions of online learning and their sentimental status; and (2) Two years later, when universities reopened for face-to-face studies/communication, specifically in April 2022, data collection took place in Saudi Arabia (among 220 respondents) asking the same questions that had been asked in 2020, as well as others (online, blended, face-to-face). This type of data collection was distinct from those utilised in research such as [26], which inquired about students’ impressions of educational modes before and after the COVID-19. Comparing the sentimental status of students during the peak of COVID-19 to the sentimental status collected throughout this method’s use in prior research reveals a possible disadvantage. In addition, a four-week gap between the questionnaires (during COVID-19), as implemented by [31], did not reveal a statistically significant difference. As a result, the outcomes of this study should be more credible, given that the students were in the midst of a lockdown and faced genuine academic obstacles. They returned to campus only after a lengthy lockdown.

3.2 Content Analysis

The content analysis approach [32] was used in this paper, and the data was structured accordingly. The conventional approach’s principles state that “coding categories are derived directly from the text data” [33]. The conventional approach has the advantage of gathering information directly from participants without the imposition of predefined categories or theories [33]. As a result, before coding, answers should be read several times to gain a sense of the overall circumstance [32]. The responses are then classified and coded, and a pattern is established [34]. The coding was designed to gather themes from students’ input based on earlier studies, the current condition following lockdown, and, eventually, the contrasts between studying during and after COVID-19. In the initial round of screening, additional codes with probable relations to the themes were established. The objective was to capture the basic features because the detailed characteristics were extensive and may have limited the capacity to generate a concise and concentrated list as in previous studies. Code categories were created based on the codes retrieved to cluster together several codes that belong together. Intercoder reliability was determined using a percentage agreement for all codes. A second author independently coded 25% of the examples, using the coding book for this purpose. For all codes, the percentage agreement was greater than 95%.

The following are the topics (themes) found in students’ inputs:

(1) Students’ inputs about studying online during lockdown (early 2020): In terms of topics in students’ inputs, the code categories were (a) limited internet access, (b) limited and unstable communication with lecturers and classmates, (c) unsuitable environment of study, (d) limited access to resources, and (e) no issues reported (Table 1).

(2) Students’ inputs about studying online during lockdown (two-year reporting ~2022): The analyses of the answers to the same questions but asked after 20 months have revealed four main topics: (a) insufficient internet access; (b) communication difficulties; (c) an unsuitable environment; and (d) a lack of human interaction. When compared to the number of responses to the same questions in 2020, the number of students who responded “no issues” in 2022 was rather low. Owing to this situation, the topic “no issues reported” found in the previous step was considered marginal and was not reported as a main topic.

(3) Students’ inputs regarding returning to the face-to-face mode of education after lockdown: Based on the content analysis, there were four main categories: (a) understanding; (b) communication (with professors and classmates); (c) socializing; and (d) discipline.

(4) Students’ inputs regarding the advantages of using online learning during COVID-19: Four topics were found: (a) time management (save time on transportation); (b) replaying recorded lectures (for more understanding); (c) more time to relax; and (d) flexibility to learn (anywhere, any time).
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3.3 Topic Modelling

Manually analysing a large number of textual inputs using content analysis is a difficult endeavour. This could be overcome with reasonable accuracy by applying AI approaches such as topic modelling. The technique of “topic modelling” is used to extract hidden topics from massive publications [35]. It compiles a corpus of texts into a cohesive set of topics defined by their relationship to each document and each word within the documents [36]. Word clouds (Figs. 1–4) have been utilised with answers to provide a basic and broad overview of the themes. A word cloud’s output is simply word frequency, but it emphasises the crucial topics. In Fig. 1, for example, students commonly used terminology relating to the internet and communication to describe the difficulties encountered during lockdown. Meanwhile, Fig. 4 depicts the frequent usage of phrases associated with focus, ease of communication, and social life in face-to-face settings after COVID-19.
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Figure 1: Word cloud for terms used by 406 students to describe their experience with online learning during lockdown
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Figure 2: Word cloud for terms used by 220 students to describe their experience with online learning during lockdown after two years
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Figure 3: Word cloud for terms used by 220 students to describe the positive aspect of studying online during lockdown
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Figure 4: Word cloud for terms used by 220 students to describe their face-to-face experiences after lockdown

The prominent Latent Dirichlet Allocation (LDA) algorithm was used for more precise topic modelling [37]. LDA is widely used and has previously been used successfully to good reviews [35,38–40]. The current study concentrated on terms that characterise each issue using the β distribution value (the lower the value, the stronger the relationship). LDA, on the other hand, necessitates a lot of themes [41]. This study attempted to avoid predicting the number of topics in advance. A topic number or/and a cyclic process were assigned to half of the terms studied [42] until the model was tuned to produce the best results possible [38,43,44].

As a result, using AI approaches, this study sought the optimal number of themes. Grid-search is one of them, and it has been utilised with tuning parameters (as shown in Fig. 5) to discover the ideal LDA model with the best learning rate and number of topics. According to the findings, the optimal number of subjects for students’ contributions about their study experience during COVID-19 in early 2020 was five, which corresponded to the number set in the content analysis. The other values were Model Log Likelihood Score: −489.69, and Model Perplexity: 63.18. Table 1 contains additional information about this.
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Figure 5: The optimum number of topics found in students’ inputs during the early weeks (in 2020) of COVID-19, according to Grid-search for LDA

An analysis of the LDA model results was achieved using pyLDAvis, a tool that visualises the topics predicted by LDA [45]. pyLDAvis helps in interpreting the topics and their associated terms. The topics suggested after using content analysis were compared to the number of topics proposed by LDA and visualised by pyLDAvis (Table 1). Moreover, pyLDAvis was used to assign a title (generated using content analysis) to each topic predicted by LDA, based on the top most frequent terms obtained after using different values of the λ parameter. pyLDAvis assists in giving the percentage of every topic in the documents (Table 1). For instance, the topics in students’ inputs regarding their experience with online learning in early 2020 were: Topic#1 presented 25.7% of the dominating topic based on the frequent words, with the given title “limited internet access.” Topic#2 presented 23.7% of the second dominating topic and was assigned the title “unsuitable environment of study.” The last three topics were: Topic#3 (21.6%)—“limited and unstable communication with lecturers and classmates”; Topic#4 (17.1%)—“no issues reported”; and Topic#5 (11.9%)—“limited access to resources”.

The prediction of the number of topics varied between topic modelling (LDA) and content analysis (human) (Table 1). Humans can recognise themes based on semantic meaning rather than word frequency and neighbouring words, which LDA does not allow. However, topic modelling can assist humans in assigning titles to themes based on word frequency and determining the percentage of each topic in the documents. Furthermore, LDA can help humans determine the degree of proximity or overlap between topics.

3.4 Sentimental Analysis

Sentiment analysis is a data mining mechanism employed to measure people’s emotional polarity (positive and negative) towards a specific topic [46,47]. The unsupervised machine learning technique (TextBlob) [35,48] was used to map the polarity scores to students’ inputs. This took place after conducting pre-processing to clean the students’ inputs and remove non-essential words. Python’s NLP toolkit was used for pre-processing data: (1) the students’ inputs were lower-cased and punctuation removed; (2) stemming and lemmatisation were performed to clean the students’ inputs; and stop words were removed. The sentiment score is generally divided into three categories: positive (Polarity_Score > 0), neutral (Polarity_Score = 0), and negative (Polarity_Score < 0) [35,48].

The sentiment analysis of 406 student inputs using TextBlob (dataset gathered in May 2020) found that positivity was reflected in 17% of the inputs, negativity in 78%, and neutrality in 5% of the inputs. Text2emotion, a Python tool, was used to discover the emotions inherent in the text (Text2emotion recognises happiness, anger, sadness, surprise, and fear) [49,50]. The findings suggest that students’ inputs during COVID-19 were dominated by negative emotions (sadness and fear) (Fig. 6). The sentiment analysis of students’ inputs describing their experience after returning to face-to-face study revealed that positivity dominated, with 68% of responses being positive.
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Figure 6: Emotions recognised in students’ inputs

The positivity shown in students’ responses after returning for face-to-face study has been reflected in their choice of face-to-face learning. Among the total number of students, 66% preferred face-to-face education, while only 19% chose the online type of study, which they experienced during COVID-19 (Fig. 7).
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Figure 7: Students’ learning mode preferences after returning to campuses

4  Results and Discussion

Open-ended questions that allow students to express themselves may provide additional insight into their preferences as well as their negative or positive perspectives. Content analysis can provide detailed descriptions of topics and subtopics. However, topic modelling can only assign topics to clusters of terms that are adjacent. LDA is a Principle Component Analysis (PCA) technique that combines as many terms as feasible into a small number of classes (factors) to minimise dimensionality and make data easier to analyse. The current study discovered that topic modelling is more practical for analysing vast volumes of data; LDA’s accuracy is lower than that of content analysis. Nonetheless, LDA was rendered less accurate in this study because students chose short phrases and few words in their input, limiting LDA’s ability to detect diversity in the data and offer an accurate number of themes. The quantitative and qualitative methodologies employed in this study resulted in an integrated solution that overcomes the shortcomings of each (content analysis and topic modelling). Content analysis cannot objectively weigh and provide a percentage for every topic in the text, but it can reliably quantify the number of themes in the text. Subject modelling, on the other hand, can empirically weigh every subject but cannot calculate the number of topics in texts (documents), particularly when they are brief and include almost identical phrases or terms.

Aside from technical aspects, the findings found that, in support of their choice for the face-to-face approach, students reported being more disciplined when they attend classes on a daily basis. Communication with instructors and peers was also noted to be easy and fruitful. In comparison to the online environment, students claimed that they needed less time to absorb lessons. The labs, with their one-on-one approach, were far more convenient and practical. This issue in particular was described negatively during online learning, as students struggled to complete their practical assignments. Finally, students reported that the face-to-face approach’s social life benefits were unrivalled. However, students recognised the benefits of online learning. This study discovered the following benefits: time management, study flexibility, and time and effort savings. These findings are consistent with those reported in [2], with the primary distinction that this study employed open-ended questions (free-style writing), whereas [2] used a long list of questions that had to be responded to using a scale of values (i.e., choices of strongly agree, agree, strongly disagree, or disagree).

This study’s findings revealed that students’ preferences for face-to-face study sessions, particularly after only experiencing online study sessions, agree less with the interpretations obtained in [13] and the findings of [19] and [51]. The findings of this study, however, are consistent with the conclusions reached by [4] and [13] about the relevance of students’ social interaction in the face-to-face learning approach. According to the findings of this study, students’ enthusiasm to return to face-to-face learning (during lockdown and after COVID-19) was one of the significant topics detected in students’ input, which is consistent with [2,4,5]. This means that physical presence on campuses and socialisation are critical, because two years of solely online learning have not boosted interaction and intimacy among Saudi students.

This study’s content analysis and topic modelling with students’ input during COVID-19, as well as the sole usage of online systems, resulted in five average topics. These five items are identical to the four topics mentioned by [8] (educational impact, time management, challenges encountered, and future preferences). However, there are significant disparities in terms of sentimental status. The sentimentality tendency of large groups of participants in the present study (406 students during COVID-19 and 220 students after returning to face-to-face education) was negative, and they desired a return to face-to-face education. However, sentimentality was positive among 20 medical students (Unaizah College of Medicine and Medical Sciences, Saudi Arabia) interviewed by [8] and 221 students (Prince Sattam bin Abdulaziz University, Saudi Arabia) surveyed by [22], who decided to continue their studies online. These discrepancies are significant and may reveal distinct characteristics of the two populations studied (Unaizah College and Prince Sattam bin Abdulaziz University, Saudi Arabia). On the other hand, the lack of motivation to study from home in this study was also consistent with [21], having been considerably and negatively influenced by many other factors owing to lockdown, such as workload (number of assignments) and insufficient technological support. There were numerous similarities between the findings of this study and the findings of [18] in terms of students’ inputs (in May 2020 and April 2022) about studying online during lockdown. The similarities include technical issues, less human engagement, and an inadequate atmosphere, among other things.

Finally, in contrast to the findings of [13,24–26], which indicate a preference for a blended form of learning, the majority of participants in this study (during and after COVID-19) preferred the face-to-face approach. This could be due to the fact that, prior to the COVID-19 outbreak, the online learning system in Saudi Arabian universities was optional [6], and was mostly used to transmit educational materials and accept student submissions rather than to conduct lectures. As a result, Saudi students prefer face-to-face education [5], which allows for social interactions and discussion with peers and lecturers. This is shown by the fact that this study used content analysis and topic modelling.

5  Conclusion

The abrupt transition to exclusive online learning was difficult for Saudi students, but it appears that after two years of exclusive use of online learning methods, their preferences for face-to-face learning have not changed. Students’ primary reason for their preferences is that they value the social life on campus, which includes human interactions with peers and lecturers. Furthermore, understanding lessons in a face-to-face context, having the drive to study, and practising in labs are far more practical than in an online learning environment. This could imply that face-to-face learning will continue to play an important role in future education. Furthermore, as demonstrated by the findings of this study, a face-to-face educational setting is not only suitable for learning but also it is an avenue for students to become motivated, engage with other students and lecturers, and participate in a variety of activities. Finally, this study discovered that topic modelling is a method for rapidly categorising data and determining the primary themes described or mentioned in the data. When topic modelling is combined with content analysis, its quality in terms of assigning titles to themes discovered by topic modelling can be increased. However, content analysis is a time-consuming manual procedure. Nonetheless, it is preferable to rely solely on LDA frequencies. Finally, the findings may suggest that university campuses are a place where students practise academic life in addition to education, not just for Saudi students but also for students all over the world.
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Table 1: Topic counts and specifications using LDA and content analysis for data collected in 2020

and 2022
Data Number of The optimum LDA  LDA values Number of topics Topics suggested by
Student Inputs  expected number of proposed by content analysis; topic
topics and topic titles content analysis percentage was
based on term calculated using LDA
frequency
Students’ inputs 406 5 topics Model Log 5 #1 limited internet
regarding studying Likelihood Score: access 25.7%;
online in 2020 489.69
#2 unsuitable Model Perplexity: #1 limited internet
environment of study 63.18 access 25.7%
23.7%,
#3 limited human #2 unsuitable
interaction 21.6%; environment of study
23.7%
#4 no issues reported #3 limited human
17.1%; interaction 21.6%
#5 limited access to #4 no issues reported
resources 11.9% 17.1%
#5 limited access to
resources 11.9%
Face-to-face 220 3 topics Model Log 4 Understanding
preferences Likelihood Score: (33.1%)
120.089
#1 interaction 37.5%; Model Perplexity: Interaction (29.4%)
#2 understanding 18.262 Socialise (19.2%)
34.7%;
#3 socialise 27.8% Discipline (18.3%)
Positive aspect of 220 2 topics Model Log 4 #1 time saving 39.6%
online learning Likelihood Score:
during lockdown 6.983
#1 save time & replay Model Perplexity: #2 replay recorded
records 50.4%; 2.592 lectures 26.7%
#2 relax & flexibility #3 relaxing 20%
49.6%
#4 flexibility 13.7%
Students’ 220 2 topics Model Log 4 #1 limited internet

experience with
online learning
during lockdown
after two years

#1 represented by
51.5%;

#2 represented by
48.5%

Topic#1 issues with
internet and
communication
Topic#2 unsuitable
environment

Likelihood Score:
21.130

Model Perplexity:
5.180

access 33.8%

#2 communication
problems 26.2%
#3 unsuitable
environment 23.9%
#4 limited human
interaction 16.1%
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