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ARTICLE INFO ABSTRACT

Keywords: Anxiety and stress disorders are increasingly common, especially among undergraduate students,
Anxiety significantly affecting their family, social, and academic lives. The isolation from restrictive
Stress

measures during the COVID-19 pandemic in Spain has further exacerbated mental health issues.
The disruption of in-person teaching has also impacted traditional learning and evaluation pro-
COVID19 cesses, increasing stress and anxiety levels in students. Based on this background, this study aims
Prediction model to analyze the incidence of these disorders among undergraduates and their relationship with
Positive guidelines various academic, demographic, and family factors, considering the influence of COVID-19. Our
Motivation results were obtained from a survey conducted among first- and second-year URJC students who
are enrolled in an experimental degree program. The statistical analysis provides guidelines for
positive interventions to increase student motivation, which further leads to academic success.
Results show that women exhibit higher levels of stress and a greater prevalence of anxiety
compared to men. The study highlights the influence of specific factors on anxiety levels among
students, proposing direct lines of action that enhance positive feelings concerning academic
tasks.

Online teaching
Undergraduate students

1. Introduction

According to the World Health Organization (WHO, 2024), stress can be defined as “the set of physiological reactions that prepare
the body for action”. Stress is experienced in the short term and its symptoms are varied and include irritability, feelings of overwhelm,
anxious thoughts, dizziness, and nausea, among others. This conception can be applied to various aspects of human life, including
day-to-day circumstances where stress is more likely to occur. For instance, Marco-Ahullé et al. (2022) characterized “academic stress”
as “a physiological, emotional, cognitive, and behavioral reaction to stimuli and events related to the academic environment”, which
enables us to apply existing knowledge about stress to a specific area.

Although stress is a biopsychological function in humans that activates a physiological response (Schneiderman et al., 2005), its
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constant overactivation can lead to maladaptive responses that negatively impact psychological well-being. This can result in the
emergence of unpleasant emotions such as distress and anxiety, as supported by (Marco-Ahull6 et al., 2022; Marcén-Roman et al.,
2021; Vivanco Vidal et al., 2020). Anxiety is defined by the American Psychiatric Association (2000) as the apprehensive anticipation
of future harm or misfortune, accompanied by a feeling of dysphoria or somatic symptoms of tension. It can be understood as a normal
strategy for coping with a stressful situation (Chacon et al., 2021). Unlike stress, which is experienced in the short term, anxiety can
persist over time and may not be triggered by an identifiable event. The individual’s inability to control this worry can lead to the
development of anxious crises or an anxiety disorder, presenting various somatic symptoms and experiencing an exaggerated startle
response. Both of these emotions are associated with a sense of being unable to manage or cope with certain conditions or situations
that an individual is experiencing, as discussed in (Cabezas-Heredia et al., 2021b). This inability can manifest in symptoms such as
difficulty falling asleep, irritability, fatigue, and muscle tension, as noted by Ramon-Arbués et al. (2020). These symptoms can
contribute to a recurring fear of not being able to handle specific tasks or responsibilities, which is a common experience in everyone’s
life.

On the other hand, the outbreak of the infectious disease caused by the SARS-CoV-2 virus, which prompted the WHO to declare a
global pandemic on March 11, 2020, had a profound impact on the lives of entire populations. It affected more than 760 million people
worldwide and resulted in the death of at least 6.87 million people globally, as reported in Our world in data (2024). As noted by
Rodriguez-Besteiro et al. (2021), the measures taken by different governments created a social climate characterized by uncertainty,
powerlessness, and inequity, further amplified by the extraordinary measures implemented by authorities, such as lockdowns, tele-
working, and remote learning.

In a pre-pandemic paper, Sanford (2017) had already examined the differences in learning success between undergraduate students
learning online and face-to-face. The study found that students in face-to-face classes demonstrated better learning outcomes
compared to those in online courses. Furthermore, the study suggested that students with lower academic performance may face
additional learning risks when enrolled in online courses. In another study, King and Kabat-Farr (2022) examined the contextual and
personal stressors encountered by business school students and offered recommendations for long-term changes, particularly in
response to the challenges posed by the COVID-19 pandemic.

This unprecedented situation had a profound effect on our stress levels and our ability to respond and adapt to such significant
changes. As highlighted by (Diaz-Jiménez et al., 2020; Odriozola-Gonzalez et al., 2020; Rodriguez-Rey et al., 2020), this constant
emotional and social strain created an environment conducive to a notable increase in the prevalence of distress and anxiety, greatly
impacting people’s well-being. The impact of the pandemic on university students was not uniform. Factors such as age, sex, socio-
economic status, and the presence of preexisting risk factors influenced students’ vulnerability to mental health issues, as discussed in
Gonzalez-Sanguino et al. (2020).

In the case of Spain, all these changes that constrained our social and academic lives from 2019 to 2021 are still relatively fresh in
our memories, as mentioned by Cabezas-Heredia et al. (2021a) and Diaz-Jiménez et al. (2020). However, since the lifting of all
mobility restrictions, lockdowns, and social isolation are no longer the norm. Consequently, there has been a gradual return to
normalcy, marked by the reopening of public spaces, workplaces, universities, and other educational institutions. This means that
those who have adjusted their daily routines to remote work and social distancing need to find ways to readjust to the pre-pandemic
reality of face-to-face interactions. Previous studies in this area Saunders (2014) has shown that analyzing feedback indicates a positive
correlation between an increase in formative feedback and improved academic performance, which is largely driven by greater student
engagement. Similarly, Kang and Park (2022) evaluated students’ satisfaction with online courses during the COVID-19 pandemic and
found that students’ positive perception of instructors’ useful interaction (feedback) and their preference for online courses positively
influenced their satisfaction. Other relevant studies on emotion regulation, such as those found in (Derakhshan et al., 2023; Li et al.,
2024; Pan et al., 2023; Wang et al., 2023a,2021; Wang & Xu, 2023; Wang et al., 2024; Wu et al., 2024), explore emotional factors
aimed at enhancing the quality of language teaching and learning.

Numerous studies have sought to assess the impact of these disruptions on undergraduate students in Spain (Marques et al., 2021;
Morales-Rodriguez, 2021; Morales-Rodriguez & Pérez-Marmol, 2019). They underscored the importance of providing psychological
support to those affected by the pandemic and the need for public health policies to address the mental health implications of the
outbreak. Ozamiz-Etxebarria et al. (2020a) utilized the Depression Anxiety and Stress Scale (DASS) to examine the prevalence of these
disorders in the Basque Country, analyzing 976 adults from various age groups, including university students. While symptomatology
was generally low at the beginning of the alert, younger individuals with chronic illnesses reported more symptoms compared to the
rest of the population. In a related study, Ozamiz-Etxebarria et al. (2020b) employed remote techniques to help voluntary university
participants reduce their anxiety levels. Anxiety measurements were taken using the Generalized Anxiety Disorder-7 (GAD-7) scale
before and after the workshop. The results demonstrated the effectiveness of several relaxation techniques in reducing anxiety levels as
an alternative to pharmacotherapy.

In their study, Morales-Rodriguez and Pérez-Marmol (2019) examined the relationship between self-efficacy levels, anxiety, coping
strategies, and emotional intelligence among 258 Spanish university students. The findings revealed significant associations between
trait anxiety, problem-solving, emotional expression, social withdrawal, emotional clarity, and perceived self-efficacy. Another study
by Morales-Rodriguez (2021) explored the correlation between fear of COVID-19, COVID-19-related stress, technological stress,
resilience, self-esteem, and coping strategies in a sample of 180 Spanish university students. The results demonstrated significant
associations among these variables, providing valuable insights for the development of educational interventions. Additionally,
Marques et al. (2021) aimed to investigate the impact of COVID-19 on the mental health of Spanish university students. The study
revealed that students experienced anxiety, depression, and social dysfunction, which could, in some cases, be alleviated through the
use of mobile mental health apps. Other research studies the impact of academic performance and home environment on student
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well-being (Brougham et al., 2009; Stallman, 2010), gender anxiety prevalence (Eisenberg et al., 2007), and remote learning impact on
engagement and stress (Adedoyin & Soykan, 2020; Garbe et al., 2020).

In these studies, although the topic of students’ anxiety and stress in the classroom and regarding their interaction with technology
is addressed, the pressure of exams and assessment tests is not evaluated. In fact, evaluation through digital means continues to be an
additional stressor among students, with the fear of losing information, accidental deletion, or other issues when being assessed
through digital platforms instead of more traditional written in-person exams. Moreover, exams in technical disciplines, such as those
in the field of mathematics, add stressors regarding digital platforms, as they often consider only the final result and not the entire
development and reasoning of the item being evaluated.

With this objective in mind, we aim to evaluate the anxiety and stress levels experienced by undergraduate students at URJC when
faced with various forms of written tests, with the ultimate purpose of providing positive guidelines to increase student motivation.
The participants selected for this study were enrolled in Science, Technology, Engineering, and Mathematics (STEM) degree programs
and were taking courses taught by the authors. To measure stress and anxiety levels, we surveyed to assess the level of stress and the
presence or absence of anxiety among students, as measured by the Goldberg Anxiety and Depression Scale (GADS), developed by
Goldberg et al. (1988). Through our analysis, we will evaluate the prevalence of anxiety in the university population and explore their
association with academic, demographic, and family factors that students encountered during the pandemic. Additionally, our goal is
to identify potential factors contributing to stress and anxiety among university students, aiming to propose useful measures to
teachers, so that they can create a more positive environment within the classroom.

The paper is organized as follows. Section 2 presents the methodology employed in this study. Section 3 discuss the obtained
results, while Section 4 examines potential factors associated with the student’s stress and/or anxiety levels. Finally, we conclude with
a discussion and guidelines to enhance the class atmosphere.

2. Methodology

This study is purely quantitative research conducted using primary data collected through a structured questionnaire with closed-
ended questions.

2.1. Research design

We selected five professors from the Computer Science and Statistics department at Rey Juan Carlos University, each with a
minimum of six years of professional experience at the university and having taught in multiple undergraduate or graduate degrees.
Out of the twenty subjects assigned to these professors, we focused on six specific subjects for monitoring and analysis of the impact of
changes introduced in teaching and examination procedures during the year 2022. The professors’ academic qualifications were in
Mathematical Science or Statistics. They were randomly chosen from a pool of 23 teachers from the Statistics and Operations Research
area, based on specific inclusion criteria: a minimum of five years of teaching experience, a positive evaluation from Docentia (the
Spanish Quality Assurance System for University Teaching), and at least three different undergraduate or graduate teaching
experiences.

The target audience of this study comprises students enrolled in an experimental degree program at Rey Juan Carlos University
during the year 2022, encompassing different grades ranging from the first to the fourth year. The survey instrument was administered
a few days after the students had completed an evaluation for a subject, therefore ensuring proximity to the experience of facing an
assessment, which is typically a stress-inducing situation for students.

The measurement instrument consists of four sections. The first section includes demographic questions, while the second section
gathers information about their academic life, such as their current grade, year of study, subject repetitions, and self-perceived aca-
demic achievement. The third section focuses on their experience during the period of confinement, specifically addressing aspects
related to the continuation of their studies under these conditions, including online education and evaluation, as well as the availability
of resources at home for this purpose. Finally, the fourth section comprises two sets of questions. The first set pertains to seven

Table 1

Distribution of students across academic degrees (u: average; o: standard deviation).
Academic Degree (Lecture interviewed) Count % %Females u =+ o age
Experimental Sciences (Mathematics I1I) 30 12.0 63.3 20.6 + 2.0
Video Game Design and Development (Statistics, Discrete mathematics) 33 13.2 15.2 195+1.1
Computer Systems Engineering (Statistics) 32 12.8 12.5 188+ 1.4
Mechanical Engineering (Statistics) 25 10.0 12.0 19.1 £ 0.5
Industrial Organisation Engineering 24 9.6 37.5 18.9 £ 0.9
Mathematics (Statistical mathematics, Computational geometry) 48 19.2 43.8 189 +1.2
Mathematics and Computer Science (Statistical mathematics, Computational geometry) 10 4.0 10.0 19.8 £ 1.0
Mathematics and Software Engineering (Statistical mathematics, Computational geometry) 13 5.2 30.8 19.7 £ 1.1
Mathematics and Economics (Statistical mathematics, Computational geometry) 14 5.6 57.1 19.9 £ 1.2
Mathematics and Primary Education (Statistical mathematics, Computational geometry) 10 4.0 100.0 19.8 £1.0
Water Resources (Statistics) 11 4.4 45.5 20.0 + 2.4
Total 250 100.0 35.6 194+ 1.4
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indicators associated with a state of stress, while the second set contains the nine items of the Goldberg scale.

The survey was conducted face-to-face, with students self-administering the questionnaire under the guidance of a teacher.
Participant privacy was ensured by the informed consent added to the survey, excluding data regarding student ID, and the collection
of any data that could identify students or reveal sensitive or personal information about them. Data was stored in OneDrive university
account, to take advantage of cryptographic tools and algorithms to avoid cyberattacks from the Rey Juan Carlos University.

2.2. Participants

The sample design employed in this study is a cluster sample, where each cluster represents a course within an experimental degree
program at Rey Juan Carlos University that is currently being evaluated in one or more subjects.

The sample consists of 250 students who were enrolled in Mathematics (30 %) and Statistics (70 %) courses during the academic
year 2021-22. Regarding their academic year, 41 % of the students are in their first year, 41 % are in their second year, and the
remaining 18 % are in their third and fourth years. These students are distributed across various degree programs, as detailed in
Table 1.

In terms of their demographic characteristics, 36 % of the participants in this study were female, while 64 % were male. The
average age of the participants was 19.42 with a standard deviation of 1.42, ranging from 17 to 27 years. Among the participants, 94 %
were of Spanish nationality, 3 % identified as Latino, 3 % were from non-EU European countries, and one student was from Israel.
Additionally, 18 % of the participants indicated that their homes were located outside of Madrid.

Regarding their living arrangements, 86 % of the surveyed students reported living with at least one parent, 5 % resided with other
family members, 3 % lived alone, and 6 % shared their living space with other individuals, such as friends or partners.

2.3. Data collection

The collected information was entered into a database and underwent a thorough cleaning process to ensure data quality. The
cleaning process consisted of text mining, coding verification, i.e. values out of range detection, and outlier data detection considering
boxplot techniques. The survey included indicators related to the level of stress and the presence or absence of anxiety among students,
as measured by the Goldberg scale. This scale was specifically developed to assess the likelihood of experiencing anxiety or depression.
It consists of 18 psychiatric symptoms, with nine symptoms contributing to the anxiety indicator and the remaining symptoms
contributing to the depression indicator. The items considered were:

. Have you felt very excited, nervous, or tense?

. Have you been very worried about anything?

. Have you felt very irritable?

. Have you had difficulty relaxing?

. Have you slept badly, have you had difficulty sleeping?

Have you had headaches or neck pain?

Have you had any of the following symptoms: tremors, tingling, dizziness, sweating, diarrhea?
. Have you been worried about your health?

. Have you had any difficulty falling asleep or staying asleep?

©CWOWNOUAWNR

Participants were asked to respond with either “yes” or “no” to each item on the scale. According to Goldberg et al. (1988), in-
dividuals with anxiety scores of five or more or depression scores of two or more were considered to have a 50 % chance of experi-
encing clinically significant disturbances. For this study, only the items corresponding to the anxiety scale were included in the
questionnaire. Participants were classified as having a significant probability of clinically important disturbances if their aggregated
score exceeded five or more points, following the criteria established by Goldberg et al. (1988).

2.4. Data analysis

The stress level was assessed using an aggregated indicator specifically created for this purpose. The proposed items are related to
the symptoms of stress noted above. In this study, we computed the sum of scores based on the responses to the following questions (1
= Never; 2 = Several times; 3 = Half times; 4 = Almost always), as proposed by Holmes and Rahe (1967) in the American Institute of
Stress:

. I feel nervous, that makes my hair stand on end.

. I am not able to control my concerns.

I worry about several things.

. I have difficulties relaxing.

. I find it challenging to remain still.

. I often get irritable or upset.

. I experience fear as if something terrible is about to occur.

N UAwN e
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By summing the scores obtained for each of these items, we derived an overall measure of the participants’ stress levels.

We calculated an overall measure of participants’ stress levels by summing the scores obtained for each of these selected items. The
questionnaire was designed to be completed in less than 20 min on average, so we chose the most relevant items adapted for the
university context. It is important to note that not all suggested items were included, which limits our ability to determine the threshold
beyond which participants may be at risk of developing an illness in the next two years. However, the results, with a Cronbach’s alpha
of 0.819, exceed the minimum recommended score for research questionnaires (Cronbach’s alpha higher than 0.7) as indicated by
Nunnally and Bernstein (1994).

Furthermore, to summarise the information regarding the living conditions of the evaluated students at home, we constructed an
indicator called “Home Resources.” This indicator provides a scale in which higher values indicate better conditions, including access
to a quiet and comfortable space for studying, availability of technological tools, and an internet connection. Conversely, lower scores
reflect a more precarious situation with limited resources for creating an adequate study environment. The minimum possible score
was 9 points, which corresponds to the response “Strongly disagree” for the 9 questions involved. On the other hand, the maximum
possible score was 45 points, corresponding to the response “Strongly agree” (the wording of the questions was previously reversed).
The reliability analysis resulted in a Cronbach’s alpha of 0.7, meeting the minimum reference score for research questionnaires.

To evaluate the environment and learning context environment, a descriptive analysis was conducted. The anxiety prevalence and
stress indicators were analyzed, exploring possible significant factors. 1000 bootstrap samples were computed to ensure the statistics’
robustness and the confidence intervals generated.

To assess the learning environment and context, a descriptive analysis was performed. The prevalence of anxiety and stress in-
dicators was examined, and potential significant factors were explored. To ensure the reliability of the statistics and generate confi-
dence intervals, 1000 bootstrap samples were computed.

The chi-squared independence test and its extension through the Fisher test were used, to test the frequency homogeneity related to
different factors. Finally, logistic regression was considered to determine the significant factors that discriminate the presence or
absence of anxiety, and, therefore, help to assist professionals in attending to students with a significant probability chance of having
clinically important disturbances.

The analysis was conducted at a significance level of @ = 0.05. The computations were performed using SPSS IBM 18 and R version
4.1.2, R Core Team (2021). Fig. 1 illustrates the data management and statistical analysis conducted.

3. Results
3.1. Student’s academic and environmental conditions

The following is a summary of the descriptive and inferential analyses conducted on the family environment and the student’s
academic status.

Self-perceived academic achievement was rated by students on a Likert scale with 5 items, where 1 represented “Excellent” and 5
represented “Very bad”. Slightly over half of the students indicated that they were performing well in their studies (56 %, scores below
2), while 11 % felt that they were not performing well (aggregation of scores 4 and 5). Additionally, approximately half of the students
failed no more than one subject in the previous year (53.2 %), and 91.9 % had to retake no more than two subjects.

House student conditions were assessed using a Likert scale. In general, the participants regarded their home as a comfortable place

v'Outlier detection
v'Missing data
v'Code verification
v/ Text mining

Cleanning

v

Data acquisition
process

e
v'Questionnaire reliability (Cronbach'salpha)

[ v'General demographics description

Statistical

analysis

[ - Y v'Construction of indicators factors =
v'Homogeneity of indicators factors

[ Wit v'Presence or absence of anxiety
oress i

Fig. 1. Data management and statistical analysis description.
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(87.6 % reported scores above 4), with sufficient space to study (88.8 % reported scores above 4), their laptop (90 % reported scores
above 4), and a good Internet connection (77.5 % reported scores above 4). However, greater variability was observed concerning
tempestuous conditions in their house (32.4 % agreed, scores below 2), living with too many people (22.4 % agreed, scores above 4),
and using their study location for other purposes (46.2 % agreed, scores above 4) See Fig. 2 for more details.

During the Covid-19 pandemic lockdown period from 16th March 2020 to the end of the 2020/2021 Spanish academic year,
students’ experiences were assessed. Regarding their families, 7 % reported the loss of a family member due to COVID-19, 66 % had a
family member who had to isolate because of the virus, and 20 % were infected and had to undergo isolation during the pandemic. In
terms of their learning experiences, the majority of participants indicated that classes were conducted remotely (72.2 %), they had the
necessary tools to participate (74.4 %), and they were able to attend most of the classes (64.9 %) while being able to share their
opinions, ask questions, listen, and respond (75.6 %). However, 60.6 % of the students reported not liking to actively participate while
55.3 % only used the chat function.

3.2. Exam format type

When asked about their preferred type of exam format, the majority of students expressed a preference for the traditional format of
a face-to-face exam, conducted in the classroom, where they can write their answers on paper and hand them in directly to the teacher
(63 %). This was followed by a preference for an online format where they could answer the exam at home (22 %). The least preferred
formats were online questionnaires to be completed in person in a computer lab and non-face-to-face exams where they have to upload
their work to a virtual platform in the classroom, with both options receiving a preference of only (9 %). See Fig. 3 for more details.

Therefore, these results indicate that, overall, students have a positive perception of their academic performance, with the majority
of students not having repeated any subjects and only a small number having failed more than one subject in the previous year. See
Fig. 4 for more details. Furthermore, while most students expressed feeling comfortable studying at home, some mentioned challenges
such as having too many people around and their study space being used for other purposes. Throughout the pandemic, a significant
portion of students actively participated in online classes and possessed the necessary tools to do so. However, a few students either
expressed a dislike for participation or solely relied on the chat feature. It is worth noting that students without a dedicated study space
at home exhibited slightly lower levels of participation in online classes.

3.3. Prevalence of stress and anxiety among students

To identify potential factors influencing students’ stress levels and anxiety states, nonparametric statistical analyses were con-
ducted on the stress and anxiety indicators along with each of the variables gathered in the survey.

The study place is shared for other activities In general, my house is quiet and pacefull
0005  27,6% 007
25.0% 220 24% 25,6%  25,6%
20,0% 16,4% 25% 22,4%
W 6% o 16,4%
S.Oic 0 10%
0,0% : 10%
\‘Z"@ 'b%& Q)\S\' \;93 \?:'%;% 59
S o° ) N
® & 0%
@Q Completelly Disagree Neutral gree Completelly
® Disagree Agree

| live with many people
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50% - 26,4%
20,8%
20%
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5"‘ I
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Completelly Disagree Neutral Agree  Completelly
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Fig. 2. Percentage of responses related to house conditions.



C. Simén de Blas et al.

Written in person, delivering my exam in hand
to the teacher

70% 64%

17,6%

. .
0%

Most preferred

8,8%

Neutral

8,4%
]

Prefered Least preferred

Non-face-to-face questionnaire through the
virtual classroomin my house

36%

35%

30% 28%

25% 20%

20%

15% 11,6%
10%

= I
0%

Most preferred Prefered Neutral Least preferred

Learning and Motivation 88 (2024) 102058

In-person questionnaire through the Virtual
Classroom in a computer classroom

34,8%
30,4%
23,6%
8,8%
Most preferred  Prefered Neutral  Leastpreferred

With what type of exam format do you usually
get a more appropriate grade inrelation to your
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58,8%
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| = O
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writing
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virtual classroom
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Fig. 3. Percentage of responses to exam type preferences.
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Fig. 4. Number of subjects failed the previous year and times enrolled in the subject most failed by the student.
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3.3.1. Demographic anxiety prevalence

Among the participants, 64 % exhibited significant impairment based on the Goldberg scale. This prevalence was significantly
higher in females compared to males, with 80.9 % versus 64.4 % respectively (p-value = 0.019,y2 = 7.915), see Fig. 5. Other de-
mographic variables measured in the participating students did not have an impact on this anxious state.

3.3.2. Academic success anxiety prevalence
Significant differences were observed concerning the number of times students have had to retake the same subject and its asso-
ciation with the anxiety indicator (p-value = 0.046,y2 = 9.684). As the number of subject repetitions increased, a higher proportion
of students exhibited significant alterations according to the Goldberg scale, see Fig. 6. Weird results are obtained when the number of
times repetitions is four, but this is due to the lack of the number of students in this case, as only two students reported this situation.
No significant differences were found concerning the number of years enrolled in the degree courses (p-value =0.614,y3 = 2.672)
or self-perceived academic achievement (p-value = 0.426,72 = 3.854).

3.3.3. Home conditions anxiety prevalence

Regarding home conditions, no significant differences were found in terms of home location within or outside the region of Madrid
(p-value = 0.723, y2 = 0.126), home cohabitants (p-value = 0.266, 2 = 8.83), home cohabitants during the pandemic closure
(p-value = 0.239,y% = 7.986), house comfort perception (p-value = 0.077,y2 = 8.423), although these last results are close to the
confidence boundary and should be interpreted cautiously. While the p-value suggests some evidence against the null hypothesis, it
does not reach the conventional threshold of statistical significance (typically set at p < 0.05). Therefore, we cannot confidently
conclude that there is a true difference in house comfort perception among the participants based on the data analyzed. However, it’s
important to interpret these results with caution, considering that the p-value is close to the confidence boundary. Despite the lack of
statistical significance, the observed trend towards differences in house comfort perception may still be meaningful in understanding
students’ living conditions and potential factors influencing their well-being. Further investigation or larger sample sizes may be
warranted to confirm or refute this trend. Furthermore, no significant differences were found in terms of having a proper space for
studying (p-value = 0.181,y2 = 6.258), using the studying place for different purposes (p-value = 0.563,y2 = 2.69), sharing the
studying place (p-value = 0.385,y2 = 4.161), owning a laptop (p-value = 0.886,y2 = 1.15), and having a good internet connection
(p-value = 0.403,y2 = 4.02).

However, significant differences were found concerning the home environment (p-value = 0.021,y2 = 1.44), indicating that a
higher percentage of students exhibited significant disturbances according to the Goldberg scale when their home conditions were less
peaceful, see Fig. 7.

3.3.4. Demographic stress prevalence

The stress indicator used in this study is based on a scale where higher values indicate a higher likelihood of experiencing illness
within the next two years. The scale ranges from a minimum score of 7 points, corresponding to the response “Never” for the 7
questions involved, to a maximum score of 28 points, corresponding to the response “Almost always.” In this study, we consider values
above 14 points as indicating a moderate presence of potential stress symptoms and a significant probability of illness within the next
two years, while scores above 21 points indicate a severe presence. Analysis revealed significant sex differences (p-value =0.003,72 =
16.171), with a higher percentage of females exhibiting severe stress levels compared to males, see Fig. 8.

3.3.5. Academic success stress prevalence

Significant differences were found in self-perceived academic achievement (p-value = 0.021,y2 = 18.01), with a higher per-
centage of students experiencing moderate or severe stress reporting a negative perception of their performance compared to students
with more positive perceptions, see Fig. 9.

100%
80,9%
80%
64,4%
60%
0% 35,6%
20% 19,1%
(]
]
Male Female
ENo HYes

Fig. 5. Sex-based anxiety responses by Goldberg scale.
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Fig. 6. Anxiety indicator based on the number of subject retakes.
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Fig. 7. Anxiety indicator by agreement level with “My house is very quiet and peaceful.”.
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Fig. 8. Students’ stress responses categorized by sex.

No significant differences were found concerning the maximum number of enrolled courses in relation to the stress indicator
(p-value = 0.214,72 = 10.795).

3.3.6. Home conditions stress prevalence

No significant differences were found concerning the home location either within or outside the region of Madrid (p-value = 0.672,
22 =0.795), the presence of home cohabitants (p-value =0.543,y2 = 12.79), the presence of home cohabitants during the pandemic
closure (p-value = 0.68,y2 = 9.27) or the perception of house comfortableness (p-value = 0.109,y2 = 13.086). Additionally, no
significant differences were found regarding the use of the studying place for different purposes (p-value = 0.383,y2 = 8.53), the
sharing of the studying place (p-value = 0.773,y2 = 4.856), the possession of a personal laptop (p-value = 0.713,y2 = 5.407), and
the availability of a good internet connection (p-value = 0.713,y2 = 5.410).

However, significant differences were found concerning the availability of proper space for studying (p-value = 0.018, 2 =
18.457), with a higher percentage of students experiencing severe stress who disagreed or strongly disagreed about having their own
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Fig. 9. Student stress responses by self-perceived academic achievement.

dedicated space. Additionally, significant differences were observed regarding the home environment (p-value ~ 0,73 = 38.316),
with a larger percentage of students experiencing severe stress when their home conditions were less peaceful, see Fig. 10.

3.3.7. Relationship between stress and anxiety indicators

A significant Spearman’s rank correlation, with a point estimate p = 0.33, and a 95 % confidence interval (0.223, 0.431), was
observed between the anxiety and stress indicators.

House conditions seem to be a factor in anxiety and stress prevalence among students. Improving library accessibility to offer an
alternative place for studying could be an option to reduce emotional pressure when facing written assessments. The face-to-face
presence of the teacher during the written assessments also seemed to be an anxiety reductive, therefore is desirable the presence
of the professor during the examination. Special attention must be given to repeater students, offering face-to-face tutorial classes, and
contributing in such a way as to reduce their anxiety when facing written assessments. Negative perceptions of studying performance
also affected the stress and anxiety levels, activities during the classroom, and additional tasks in difficult areas of the subject could
positively favor this perception, engaging the students in more positive sensing related to the subject performance.

4. Prediction model

A generalized linear regression model, specifically within the binomial family (in particular the Bernoulli one, because the response
variable is 0/1), was employed to assess the collective influence of various factors and covariates on students’ anxiety levels. This
nonlinear equation can take diverse forms, contingent on the chosen family and link function Dobson and Barnett (2018). While the
flexibility to specify various expectation functions is advantageous, it also necessitates considerable effort to determine the function
that best fits the data. This requires additional research, familiarity with the subject area, and trial and error analysis. Furthermore, for
nonlinear equations, understanding the impact of each predictor on the response can be less straightforward compared to linear
equations.

After trying different models and links, and using the Akaike information criterion (AIC) as the model comparison statistic, the
complementary log-log function (also known as ‘cloglog®) was selected as the link function, within the Bernoulli distribution. It is
crucial to consider suitable random variables in the fitted models, given that the response variable indicates whether each student has
anxiety or not, resulting in a binary variable taking values of either 0 or 1. In this model, the explanatory variables can be both
quantitative and qualitative. Although the equation does not have an initial linear function, it can be transformed to resemble a linear
one.

70% 62,3%
60% 52,0% 50,8% 53,1% 53,7%
50%
a0% 36,0%
30%
20% 2 0 z 7% 4 1% 6%
10% %
0%
Completelly  Disagree Neutral Agree Completelly
Disagree Agree

H Mild = Moderated M Severe

Fig. 10. Student stress responses based on home conditions.
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Transforming the equation to appear as a linear one, despite its initial lack of a linear function, offers the advantage of simplifying
the interpretation of the model and facilitating predictions based on the explanatory variables. The linear form of the equation makes it
easier to understand the contribution of each explanatory variable to the response variable and to make predictions for new obser-
vations based on the values of the explanatory variables.

Several models were considered and compared using the AIC criterion. Starting with the full model and using a stepwise backward
search, the selected model has an AIC of 244.24. The fitted model was also evaluated taking into account the overall test of the
observed deviance of that model, which, if the model is correct, must be compatible with a y square distribution with the observed
degrees of freedom, in this case, 231. The associated p value is 0.26, which means that the observed deviance is compatible with the
theoretical y square distribution, indicating that the model appears to be compatible with the observed data. Also, the deviance re-
siduals are in a reasonable range, between — 2.26 and 1.99. Since the response variable is 0/1, it is not true that these residuals must
have an approximately normal distribution, and then it may be necessary to rely on the aggregated goodness of fit statistics deviance or
chi-squared.

The final fitted model (1) incorporated individual factors such as age, sex, and level of stress, as well as household factors including
household resources, and academic factors such as the subject taken. This model aimed to predict the probability of a student
experiencing an anxious state

Pr(Student i anxious =1) =1
—exp( — exp(2.602 + 0.132-SI; + 0.339- G; — 0.168 - Age — 0.034 - HR; 1)
+0.891-Ly; — 0.524-Ly; — 0.748 - L3; — 0.734 - Lys; + 0.066 - Ls;;) ).

The variables considered for each subject are as follows: SI (stress indicator), which ranges from 7 to 28; G (sex), taking the value 1
if the student is female and O otherwise; Age (age of the student in years), ranging from 17 to 27; HR (home resources), ranging from 16
to 43; and L, (Mathematical Statistics), Ly (Affine Geometry), L3 (Discrete Mathematics), L4 (Mathematics II), and Ls (Mathematics III),
the last five taking the value 1 if the student is enrolled in the corresponding subject and 0, otherwise.

The results indicate that stress level and sex have a significant positive impact on the probability of experiencing an anxious state.
Higher scores on these variables are associated with a higher likelihood of anxiety. On the other hand, age and home resources have a
negative influence, reducing the probability of anxiety in students. This suggests that better home conditions and older age act as
protective factors against the manifestation of anxiety.

Furthermore, the subject in which the student is enrolled appears to be associated with anxiety levels. Specifically, students
enrolled in Mathematical Statistics for the Mathematics degree show higher anxiety levels compared to the baseline level, which is
represented by the subject of Statistics for engineering degrees. Additionally, Discrete Mathematics, Mathematics II, and Affine Ge-
ometry also contribute negatively to the probability of anxiety compared to the baseline level of the subject of Statistics for engineering
degrees.

Table 2 shows the classification results obtained using the proposed model, with an overall accuracy of 71.4 % in correctly clas-
sifying the cases. It provides a means to evaluate the model’s performance by comparing the predicted values with the actual observed
values. The analysis includes 241 classified students, while the remaining 9 students have missing values in some covariates.

For classification purposes, a default cut-off point of 0.5 has been applied to the predicted probabilities. Individuals with a
calculated probability below 0.5 are classified as “Not anxious,” while those with a probability above 0.5 are classified as “Anxious.”

Table 3 displays the average probability of experiencing anxiety for selected values of the covariates. The first row represents the
mean values of the quantitative variables, while the factors are set to the default level specified in the fitted model (i.e., Sex = Male and
Subject = Statistics. Subsequent rows examine the effect of individual covariate changes while keeping the remaining variables at their
default values from the first row. The quantitative variables (SI, Age, HR) have been set to the third quartile, while each possible value
has been considered for the factors. Notably, increasing from the mean to the third quartile in stress exhibits a similar impact as
switching from male to female. The choice of subject significantly influences the predicted probability of anxiety, with Mathematical
Statistics yielding the highest probability and Discrete Mathematics the lowest. Moreover, increasing household resources to the third
quartile leads to a slightly greater reduction in the predicted probability of anxiety compared to increasing age.

In order to further enhance the understanding of the findings, Table 4 presents the influential factors affecting the likelihood of
anxiety among undergraduate students. By highlighting variables including stress, sex, subject of study, age, and household resources,
this study provides valuable insights for designing targeted interventions and support systems for students who are at higher risk of
experiencing anxiety and depression disorders. Moreover, these findings call for a more comprehensive approach to education and
mental health in universities, urging policymakers to consider the diverse social, academic, and demographic factors that impact
student well-being.

Overall, the study indicates that there are specific factors that can contribute to anxiety levels among students, emphasizing the

Table 2
Anxiety state classification with proposed model.
Anxiety Predicted Anxiety Correct percentage
No Yes
No 30 42 41.6 %
Yes 27 142 84 %
Total 57 184 71.4 %
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Table 3

Variable contributions to anxiety probability.
Variables changing SI Sex Age HR Subject Pr(Anxiety = 1)
Initial typical values 15.89 Male 19.43 32.83 Statistics 0.747
SI — Q3(SD 19 Male 19.43 32.83 Statistics 0.875
Sex — female 15.89 Female 19.43 32.83 Statistics 0.855
Age — Qs3(Age) 15.89 Male 20 32.83 Statistics 0.714
HR - Q3(HR) 15.89 Male 19.43 37 Statistics 0.696
Subject - Math. Stat. 15.89 Male 19.43 32.83 Mathematical Statistics 0.965
Subject — Disc. Math. 15.89 Male 19.43 32.83 Discrete Mathematics 0.479
Subject —» Math. II 15.89 Male 19.43 32.83 Mathematics II 0.557
Subject — Math. III 15.89 Male 19.43 32.83 Mathematics IIT 0.483

Table 4

Variable contributions to anxious state probability.
Variables Coeff. Mode Max Prob.Min. Prob.Max Range %
SI 0.132 19 28 0.483 1.000 0.517 27.72
G 0.339 1 1 0.899 1.000 0.101 5.42
Age —0.168 19 27 0.989 0.098 —0.891 47.79
HR —0.034 32 43 0.996 0.837 —0.159 8.53
Ly 0.891 0 1 0.960 1.000 0.040 2.15
Ly —0.524 0 1 0.960 0.998 0.040 213
Ls —0.748 0 1 0.960 0.998 0.038 2.06
Ly —0.734 0 1 0.960 0.998 0.038 2.06
Ls 0.066 0 1 0.960 1.000 0.040 2.15

importance of considering these factors in educational settings.
5. Discussion

In this paper, we examine the prevalence of anxiety among undergraduate students and its association with academic, de-
mographic, and family factors, while also considering the impact of COVID-19. Our results reveal that students who faced the
restrictive measures applied during the pandemic show high levels of mental health problems, particularly among students. The shift
away from in-person instruction has disrupted traditional learning and evaluation methods in higher education, leading to heightened
levels of stress and anxiety. These results underscore the importance of addressing these factors to mitigate the impact of mental health
challenges on undergraduate students, particularly during times of crisis like the COVID-19 pandemic.

5.1. Study summary

Our results were obtained from a survey conducted among predominantly male first and second-year URJC students enrolled in an
experimental degree. Just over half of the students hold a positive self-perception of their academic achievement, with an equal
proportion having repeated only one subject. Some of them had to endure difficult personal situations during the pandemic, such as
being infected and/or isolated or losing a family member.

The findings of this study have significant implications for assessing and addressing anxiety among students. By identifying the
contributing factors, educators, families, and mental health professionals can gain a better understanding of students’ needs and
implement targeted interventions to support their mental well-being. The use of a logistic regression model provides a reliable and
effective approach to evaluating the impact of various factors on anxiety, enabling the identification of areas where additional support
or resources may be required. Moreover, the high classification rate of the model suggests its potential as a valuable screening tool for
identifying students who may benefit from additional support or intervention.

The statistical analysis confirmed that women exhibit higher levels of stress compared to men and a higher prevalence of anxiety. It
is important to note that these findings should be considered within the context of predominantly male students in experimental degree
programs. However, the predictive multivariate model for the probability of experiencing an anxious state does not identify the
condition of being a woman as a significant factor. Instead, the model emphasizes that younger age in students becomes a risk factor,
heightening the likelihood of experiencing anxiety. Our results are in line with other studies, where females reported higher anxiety
Eisenberg et al. (2007).

Undergraduate students generally reported comfortable home study conditions, with access to a computer and the Internet.
However, a noteworthy proportion experiencing anxiety (88 %) did not perceive their home environment as calm or quiet. Addi-
tionally, 52 % of those lacking adequate study space reported severe stress levels. These findings underscore the impact of home study
conditions on emotional well-being. Prioritizing home resources and the establishment of quiet, dedicated study spaces is recom-
mended, especially for students dealing with anxiety or high-stress levels. Similar findings related to home environment were found in
(Brougham et al., 2009; Stallman, 2010).
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Regarding their academic experience during the pandemic, most of them had the necessary tools for online classes. However, a
significant proportion showed reluctance to actively engage, preferring to use only the chat function, possibly due to a lack of
dedicated study spaces at home. Anxiety prevalence increased with the number of subject failures. Similarly, two-thirds of those
students who perceived their academic achievement poorly reported severe stress. While students generally had the necessary re-
sources, active participation tended to decrease. As academic demands rise—as when enrolling in more challenging subjects—stress
levels and anxiety prevalence also tend to increase.

The correlation between students’ stress levels and the onset of anxiety (p = 0.33) is noteworthy. In the predictive model, stress
levels emerge as the most influential risk factor for the likelihood of experiencing anxiety. Notably, students without a calm home
environment were more prone to anxiety compared to the general prevalence of stress, as also highlighted in (Brougham et al., 2009;
Stallman, 2010).

These results have broader implications for addressing anxiety in educational settings and promoting the well-being and academic
success of students. Specifically, considering the importance of age as an individual factor, particularly for students in their early years
of university, it would be beneficial to provide them with online simulations to practice and review before examinations, as they may
have limited experience with university evaluations. Additionally, students who face less favorable home environments due to limited
resources or a high number of household members could benefit from access to study spaces in university libraries. By addressing these
two factors, we can exert a certain level of control to mitigate the manifestation of anxiety in students.

5.2. Comparison with related studies

Our findings are consistent with previous research highlighting the impact of academic performance and home environment on
student well-being. Studies have shown that academic stress is a major contributor to anxiety among students, and supportive home
environments can mitigate this stress (Brougham et al., 2009; Stallman, 2010). The gender disparity in anxiety levels, with females
reporting higher anxiety, has also been observed in other studies such as Eisenberg et al. (2007).

The adaptation to remote learning during the pandemic and the associated challenges have been widely reported. Research in-
dicates that while remote learning provided continuity, it also posed challenges such as reduced engagement and increased stress
(Adedoyin & Soykan, 2020; Garbe et al., 2020). Our findings support these observations and highlight the need for improved online
learning strategies.

5.3. Theoretical implications

More studies should be conducted to address research gaps to help identify subgroups, such as those defined by gender, family
conditions, or other factors, that may be disproportionately impacted by academic stress and lower well-being. Furthermore, dynamic
models should be considered to detect trends and significant changes across different student cohorts.

A change in teaching models could be considered, integrating the results of this and other similar studies to better manage
classroom emotional states. Personalized teaching models that consider subgroups of the population (gender, age, family situation,
etc.) and promote the social integration of students in the classroom can positively impact students’ academic success.

6. Conclusions and future research

This study contributes to the understanding of the multifaceted factors influencing student stress and anxiety, providing a
comprehensive analysis of academic, environmental, and demographic variables. By identifying specific factors such as home re-
sources and subject-specific anxiety, this research offers actionable insights for educational institutions to develop targeted
interventions.

Our findings reveal a significant prevalence of anxiety among students, with a notable gender discrepancy indicating higher anxiety
levels among female students compared to males. This underscores the necessity of tailored interventions to address the distinct
challenges faced by female students in coping with academic stressors and fostering mental well-being. Additionally, our study in-
vestigates the impact of the COVID-19 pandemic on students’ stress and anxiety levels, highlighting the disruptive effect of the shift
away from in-person instruction on traditional learning and evaluation methods in higher education.

The predictive model developed in this study can serve as a tool for identifying students at risk of anxiety, enabling timely support
and counseling. The high accuracy of the model (71.4 %) underscores its potential utility in educational settings.

By elucidating the relationship between academic, demographic, and family factors with stress and anxiety levels, our study
provides valuable insights for educators, mental health professionals, and policymakers. These insights can inform the development of
effective strategies and interventions aimed at mitigating the adverse effects of stress and anxiety on students’ academic performance
and overall well-being. In summary, our study offers actionable recommendations and guidelines for positive interventions to enhance
student motivation and academic success. Understanding the underlying factors contributing to stress and anxiety among under-
graduate students enables stakeholders to implement targeted interventions and create a more supportive learning environment. Other
research, such as Wang and Xu (2023), highlights the importance of feedback in assessing language proficiency and stresses the literacy
required to deliver effective feedback during assessments. This reveals several implications for EFL teachers, assessors, and teacher
educators, enabling them to deepen their comprehension of writing assessment feedback literacy and its diverse components.

13



C. Simén de Blas et al. Learning and Motivation 88 (2024) 102058
6.1. Study limitations

Limitations of this study include not having considered students from other knowledge areas such as arts, health sciences, and
social sciences, where the student profile may be an additional factor to account for.

6.2. Future research lines

In exploring prospective avenues for research within teacher-related domains, Zhang et al. (2023) highlight that the emotional
states of teachers, particularly their levels of work engagement and emotional resilience, serve as robust predictors of their professional
growth. This underscores the critical role emotional factors play in educational contexts, especially when teachers face the myriad
challenges and pressures inherent in their profession. On a different note, Yang and Wang (2024) shed light on the significant impact of
technophobia among educators. This fear not only hinders teachers from embracing novel teaching approaches but also fosters a
reluctance to adopt innovative educational technologies, as outlined by Yang and Wang (2024). In terms of statistical analysis, further
exploration of mixed research methods and longitudinal studies should also be considered.

Another research area that should be explored is the academic engagement of students. Pedagogical insights, which can be
developed from dimensions such as teacher-student relationships or teacher roles are discussed in Wang and Kruk (2024), where
students’ perception of the role of teacher’s confirmation and credibility in enhancing their academic engagement is addressed.
Additionally, Akram and Li (2024) investigate the complex interplay in higher education between teacher-student relationships, ac-
ademic motivation, and online learning engagement.
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