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Sustainable science, technology, engineering, and mathematics (STEM)
education rests not only on gender equity in educational opportunities but
also on the academic attainment of female students. In Saudi Arabia, women
enrolled in engineering and computer science are both newcomers and a
minority. The present study compared the performance of female
undergraduate students in pre-calculus (a prerequisite for STEM programs)
before and after the pandemic. It also examined changes in students’
perceived difficulty and value of pre-calculus, the stress experienced in it,
and their determination to pursue STEM. In this study, pre-calculus
performance declined after the pandemic. Furthermore, the course was
perceived as more difficult and stressful, as well as less valuable.
Nevertheless, students’ determination to continue in STEM was undeterred.
After the pandemic, students reported mostly utilitarian motives for pursuing
STEM degrees (i.e., career opportunities), and concerns about their ability to

balance work and personal lives in STEM professions. The key challenge
was a personal issue (i.e., balancing professional and personal lives) rather
than a social issue (e.g., the persistent gender imbalance in STEM fields).
These findings suggest that interventions supporting intrinsic motivation are
key to students’ engagement and persistence in academic pursuits and thus
to their ability to be academically and professionally successful in STEM.
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1. INTRODUCTION

A disruptive event is an experience that alters an individual’s conditions so profoundly to cause a
substantial departure from habitual activities and expectations [1]. Its impact may be confined to the
micro-level, affecting particular individuals and their immediate entourage, or may extend to the macro-level,
affecting large geographic areas and populations. The COVID-19 pandemic can be considered a disruptive
event with micro- and macro-level impacts [2], [3]. Within the extant literature, its specific impact on
learning in the post-pandemic environment is yet to be clarified. In our work, we take the view that
understanding the impact of the pandemic on learning requires that the periods preceding and following the
pandemic be compared. At the very minimum, such a comparison allows one to determine the extent to
which performance after a return to on-campus instruction replicates that of the pre-pandemic period.
Namely, it answers the question of whether the post-pandemic educational environment can be defined as a
return to the ‘old normal’ or as an adjustment to a ‘new normal’ with uncertain opportunities and challenges.
This selective comparison can offer insights into whether students face particular post-pandemic challenges,
which can shape interventions intended to promote teaching and learning. In the extant literature though, the
bulk of the evidence involves comparisons of performance before and during the pandemic [4]-[7]. That is,
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the evidence collected mostly reflects students’ responses to instructional modality changes (i.e., from
face-to-face to online teaching) in a variety of institutional settings. Comparisons of this nature not only have
led to mixed findings but also are moot as to whether education attainment has changed after such a
disruptive event.

The evidence of comparisons between before and after the pandemic is both mixed and scarce. For
instance, Pilotti et al. [8] reported that performance in particular general education courses (e.g., written
communication and statistics) after the pandemic improved relative to that before the pandemic. Instead,
Zheng [9] found a decline in information technology and management (ITM) courses. To delve into this
issue, in the present study, we focus on an understudied population of female college students pursuing a
degree in the field of engineering or computer science. They are citizens of a country that only recently
opened such fields to both women and men. The country is Saudi Arabia. Its programmatic plan, named
Vision 2030, has included a restructuring of the entire educational system to promote not only gender equity
in education but also curricula and instruction that meet international standards [10]. As a result of offering
equal educational opportunities to both women and men, Saudi Arabian women are newcomers in the fields
of science, technology, engineering, and mathematics (STEM). In engineering and computer science, they are
also a distinct minority [11]. Furthermore, women not only are underrepresented in these particular STEM
occupations but also face steep challenges when trying to accommodate personal and family expectations to
their professional aspirations [12], [13]. Thus, it is especially important to determine their post-pandemic
performance in STEM fields, such as engineering and computer science, to ensure that suitable remedies are
introduced if declines are found.

In STEM fields, pre-calculus is the gateway to calculus, which is a requirement for all STEM
majors. Thus, we chose this course as an index of whether the performance of female undergraduate students
in engineering and computer science changed from the pre-pandemic era. Added to the performance data are
opinions about the course, and more broadly their lives in the post-pandemic world. The disparate impacts of
the pandemic have been chronicled in a multitude of studies. Of interest here is the purported impact of stress
responses on brain functioning [14]. The pandemic has been characterized by stress produced by the
uncertainties of the situation, disruptions in people’s routines and social interactions (including physical
isolation), and feelings of helplessness arising from the loss of significant others [15], [16]. Stress is known
to impact learning and memory in a variety of ways [17]. Although stress may enhance memory formation,
leading to durable memories, it can impair retrieval of memory records, depressing academic performance.
Stress can also disrupt the updating of long-term memory records (i.e., the integration of new information
with preexisting knowledge) and promote rigid, habit-like actions, thereby depriving learning of flexibility
and adaptability. Long-term memory is not the only cognitive function to be disrupted by stress. Working
memory is another likely fatality. Working memory is a system that allows learners to temporarily preserve
and actively manipulate information for planning, making decisions, and executing a variety of tasks.
Worrying upsets executive functioning, slows processing speed, depletes the cognitive resources of working
memory, and reduces the amount of information available to learners for task execution [18], [19]. Thus, it is
not surprising that a likely outcome of the disproportionate apprehension that accompanies stress is impaired
decision-making processes [19], [20]. Over time, disruptions of working memory may acquire stability,
become more severe, and be linked to an overall sense of exhaustion [21].

Evidence that the pandemic may have changed brain functioning [14] begs the question of whether
students’ performance before the pandemic reported by several researchers [5]-[7] would be reproduced or
changed after such a disruptive event. In this context, the residuals of the stress related to the pandemic are
likely to add to the stress arising from common academic circumstances (e.g., exams) and readjustments to
on-campus classes. Indeed, the task of performing well on exams requires that students retrieve information
from long-term memory, and then manipulate it in working memory to generate answers to questions. Exams
exemplify how students deal with uncertainty. When uncertainty is present, stress affects working memory
[22]. Tt specifically weakens the resources required to make adjustments to information held in working
memory. As such, it forces learners to rely heavily on automatic response tendencies, and to reduce their use
of controlled cognitive processes [23], thereby affecting performance on exams. Similarly, a return to face-
to-face classes requires re-adaptation to commuting and adjustments of study routines, all involving
controlled processes that demand cognitive resources that may be scarce at present. Yet, as noted earlier, the
few comparisons available in the literature concerning pre- and post-pandemic learners’ performance have
yielded mixed evidence [8], [9].

Interestingly, for Saudi Arabian learners who have been under intense pressure to succeed since
before the pandemic, stress lingering from this disruptive event and that arising from adjustments to post-
pandemic on-campus demands and common academic challenges are not isolated occurrences. They may
merely add to the underlying stress induced by the persisting pressure to succeed [24]. For Saudi Arabian
learners, such pressure has specifically come from the neo-liberal economic plan of their country, called
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Vision 2030, which heavily relies on a college-educated workforce to rapidly convert the economy from one
based on fossil fuels and its byproducts to one that is knowledge- and service-based [25], [26]. The plan has
compelled the allocation of vast amounts of resources to revamp the entire educational system, from
elementary school to college and beyond, to meet international standards [26]-[28]. Gender equity is one key
aspect of the plan, according to which educational programs before reserved to men, such as engineering and
computer science, are now open to women [29]-[31]. As a result, the pressure to succeed is particularly high
for female college students who are newcomers to many educational programs as well as a minority
struggling with the relics of a patriarchal society (e.g., gender stereotypes). The plan’s goal of quickly
developing a skilled and educated workforce has required the use of incentives, such as generous
scholarships and plum professional opportunities, administered to meritorious students. Tangible indices of
good performance, such as cumulative grades, have been mostly used to measure merit. As a result, students
have been struggling to find a balance between a grade/performance orientation (i.e., studying to obtain good
grades and a degree) and a learning/goal orientation (i.e., acquiring knowledge that is necessary for future
professional success) [32]. Grade/performance orientation, however, is often associated with negative
emotional states, such as anxiety and stress [32]-[34]. Thus, after the pandemic, in Saudi Arabian female
college students, a confluence of sources of stress may be at work, including those arising from the aftermath
of the pandemic [35], readjustment to on-campus demands, common academic challenges, and the persistent
intense need to produce tangible signs of good performance. According to the Yerkes-Dodson law, excessive
autonomic arousal harms performance [36].

One way to counteract stress is through self-regulation, which refers to strategies that learners use to
monitor and control their cognitive performance before, during, and after studying [37]. Another way is
presented by the learning environment. External regulation of learning is fostered by a student-centered
approach to teaching that promotes positive emotions [38], [39], as well as reliance on problem-driven
learning strategies rather than emotion-driven strategies. Yet, stress can easily disrupt learners’
self-regulation and appreciation of external sources of regulation, thereby impairing academic performance
[40]-[42]. It was thought that for Saudi Arabian female learners, the convergence of different types of
stressors might limit their ability to cope with the academic demands of the post-pandemic world with its
face-to-face classes and added time-management challenges (e.g., commuting times, increased socialization,
and participation in extra-curricular on-campus activities). Thus, the likely fatalities of these stressors would
be academic performance and motivation. The two variables were viewed as interconnected. Indeed, if
motivation is the drive to initiate academic activities, broaden their scope, and persevere when difficulties
arise, performance is the outcome variable of interest. Performance measurement involved either strictly
timed or loosely timed assessments. Exams, as exemplified by either a formative assessment measure
(e.g., midterm test) or a summative assessment measure (e.g., final test), were selected as they reflected
settings where performance is timed and outcome uncertainty is high. Thus, stress would likely be
experienced at a level above and beyond that arising from the common challenges of a student’s
undergraduate life. As such, the chances of stress impairing performance would be increased. Indeed, stress
is known to be accompanied by a sense of uncertainty which induces learners to perform less-than-ideal
actions to reduce it [43]. Time constraints, such as during exams, bolster such actions. For instance, in a
strictly timed exam, evidence exists that high stress causes learners to move inefficiently or slowly through
the text of the exam and make careless mistakes [44]-[46]. Learners’ failure to answer all exam questions
and generate correct answers then leads to poor grades and a host of erosive emotive effects [47].

In this study, performance in class activities was selected because it was a formative assessment
measure that would encompass a variety of regularly scheduled (i.e., predictable) activities completed under
more flexible time constraints independently or collaboratively at home or in class. That is, it reflected a
context that elevated students’ perception of control over the learning process [39]. Yet, both before and after
the pandemic, college students would be expected to juggle multiple demands and thus experience time
scarcity. The experience of time scarcity would arise when the unwavering multitasking demands of college
life lead to the belief that one might never catch up. It is conceptualized as a distraction that drains cognitive
resources and impairs executive functions, thereby lowering learners’ ability to plan, think clearly, and
engage in effective multitasking [48]. Among the factors that could reduce the feeling of time scarcity in
college students is the predictable rhythm of loosely timed academic activities, such as the assignments and
quizzes of the selected pre-calculus course [49]. Another factor might be the sense of relatedness, support,
and control that arises from the participative instructional environment exemplified by collaborative activities
[50]. As such, performance entailing class activities was thought to be less sensitive to disruptions due to
stress. Based on these assumptions, the following hypotheses were formulated for performance on the
midterm and final exams (H1) as well as performance involving class activities (H2):

— HI: if challenges in the adjustment to on-campus instruction and residues of the stress arising from the
pandemic added to the stress induced by tests, post-pandemic exam performance, including midterm and
final tests, would be lower than pre-pandemic exam performance.
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— H2: if the experience of time scarcity arising from the unwavering multitasking demands of college life is
experienced more intensely during the post-pandemic period, adding to the challenges of the adjustment
to on-campus instruction, grades related to class activities would decline in the post-pandemic period.
However, because such grades included collaborative and independent activities with more flexible time
constraints, the magnitude of the decline would be less than that observed for exams.

In this study, performance assessment was accompanied by the measurement of the emotive
responses that define students’ motivation. It was thought that for Saudi Arabian female learners, the most
likely fatality of the convergence of different types of stressors would be motivation. According to the theory
of self-determination [51], motivation in a course or, more broadly, in the pursuit of a STEM degree may fall
on a continuum from intrinsic motivation to amotivation. Intrinsic motivation applied to pre-calculus may be
characterized as interest, enjoyment, and satisfaction in the pre-calculus curriculum and related instructional
activities along with the recognition of the value of such curriculum and activities. Amotivation is the exact
opposite. According to the theory of self-determination, extrinsic motivation exists between these two
extremes. Actions driven by rewards or penalties (i.e., external regulation) or by the recognition of the
practical utility and value of particular activities (i.e., identified regulation) exemplify extrinsic motives. To
assess students’ perceptions of pre-calculus that could provide insights into their academic motivation, we
measured: i) their views of the difficulty of the course; ii) the practical value (i.e., utility) attributed to
learning pre-calculus; and iii) their self-reported level of stress experienced while completing the course. We
also asked whether the course made them more or less likely to continue their studies in the chosen STEM
degree. The following prediction was made:

— H3: if challenges in the adjustment to on-campus instruction in the post-pandemic period were perceived
by the students as pronounced, indices of intrinsic motivation (e.g., interest, enjoyment, satisfaction, and
recognition of the value of the pre-calculus curriculum and activities) would not be detected. Such
challenges would be reflected in students’ opinions of the difficulty of pre-calculus and the stress level
experienced in the course. That is, students enrolled in pre-calculus during post-pandemic times would
judge the course as more difficult and more stressful than students enrolled in pre-calculus before the
pandemic. They would also be more likely to attribute less practical value to pre-calculus learning
(discounting its worth) and indicate a change of academic major as a possibility.

More broadly, to understand students’ attitudes towards not only a particular course but also their
pursuit of an engineering or computer science degree in the post-pandemic era, we inquired about their views
of such degrees. Three areas were considered: i) reasons for choosing a STEM degree; ii) anticipated
challenges in pursuing it; and iii) their views of women’s representation in STEM. H4 rested on extant
evidence linking stress to learners’ adoption of an egocentric perspective [43].

— Ha4: if challenges in the adjustment to on-campus instruction in the post-pandemic period were perceived
by the students as pronounced, such challenges would be reflected in the adoption of an egocentric
perspective. Egocentric lenses would lead to the following pattern of students’ responses: i) Personal
reasons (e.g., a struggle to balance personal and academic demands) would be selected more often than
sociocultural reasons (e.g., gender stereotypes) as the main difficulty of pursuing a STEM degree;
ii) External (mostly utilitarian) reasons for pursuing a STEM degree would be prevalent; and iii) Evidence
of women’s lower representation in STEM would be minimized. The latter prediction was based on
evidence that stress tends to be accompanied by an enhanced reliance on self-knowledge when inferring
others’ conditions, resulting in more egocentric inferences [43]. If so, the recognition that the participants
were themselves women in STEM fields would lead them to infer adequate representation of women in
such fields.

2. METHOD
2.1. Study participants

The participants were 472 undergraduate students who were pursuing STEM programs (engineering
or computer science). All were females whose ages ranged from 18 to 25. Arabic was their first language and
English their second language. Before admission to their selected undergraduate program, students were
deemed competent users of the English language through standardized English tests (test of English as a
foreign language (TOEFL)>83; or international English language testing system (IELTS)>6). They were
enrolled in a pre-calculus course consistently taught by one instructor since before the pandemic. Due to a
gender-segregated campus, all classes were composed of female students taught by female faculty. There
were 176 students enrolled before the pandemic (4 semesters), and 296 after the pandemic (4 semesters).
Important to note that 163 students were enrolled in the course during the online pandemic period
(3 semesters). These latter students are mentioned to demonstrate continuity in our data collection, although
only the data from the pre-pandemic and post-pandemic periods were analyzed to test our hypotheses.
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Also important is to note that the increased number of students in the period after the pandemic reflected the
enrollment trend of female students in STEM programs from 416 before the pandemic to 993 during the
pandemic and 1,084 after the pandemic. Admission criteria remained unchanged during these periods. Based
on these reference groups, the sample sizes of the two periods were deemed adequate assuming 0=0.05 and
B=0.20 levels of risk [52], [53].

2.2. Pre-calculus

At the selected academic institution, pre-calculus is preceded by the successful completion of an
intermediate algebra course. Pre-calculus is a prerequisite for calculus, which is a college-level course. Thus,
pre-calculus is considered a preparatory course without college credits. A final grade of 70% or better is
required to pass the course and enter calculus. A placement algorithm, which considers Scholastic Assessment
Test (SAT) scores, and high-school mathematics courses and grades, determines whether a student will be
enrolled in intermediate algebra, pre-calculus, or calculus I. All courses are taught in English. Their curriculum
complies with US standards as determined by the Texas International Education Consortium (TIEC).

Pre-calculus instruction generally entails meetings three days a week within a 15-week semester
followed by an exam week. Each meeting consists of two sessions of 50 minutes each. Class size ranges from
15 to 30. Calculators are required tools. Teaching faculty are available after class and during office hours to
help students. Additional instructional support is offered by mathematics tutors.

A student-centered, active-learning pedagogy is applied to all instruction [54]. Thus, the course is
taught through a variety of methods to foster engagement. Methods focus on learning mathematics through
understanding and not through memorization. Class meetings may begin with a brief lecture introducing
students to new material. Students are then given time to work individually or in groups on some problems,
present their solutions to the class, and answer questions from peers and the instructor. The latter is available
to answer questions by walking around the room when students are at work. After each class meeting,
homework assignments feature questions similar to in-class problems along with additional applications of
the concepts covered in the class. Loosely timed quizzes are included in many class meetings. Both
homework assignments and quizzes are intended to reiterate materials and procedures discussed in class as
well as foster additional applications. That is, sometimes, students practice skills and knowledge they have
just learned. At other times, they work on guided discovery problems.

2.3. Procedure and materials

Across all selected periods, instructional materials were posted on Blackboard. During the
pandemic, however, instruction and assessment materials for exams and quizzes were delivered online.
Instruction was synchronous. It entailed reliance on Blackboard Collaborate, a tool that allowed the instructor
to interact with students in real-time via voice and audio functions along with a chatbox for written
communications. Before and after the pandemic, instruction was delivered face-to-face. Paper-based exams
were administered. Although the mode of instruction and assessment changed during the pandemic, the
assessment protocol remained consistent across time. It entailed a midterm exam (20%), and a final exam
(40%). Intermixed across the entire semester, there were regularly scheduled but loosely timed quizzes and
in-class or homework assignments (40%), which were intended to prepare students for the midterm and final
examinations. Along with the midterm exam, quizzes, and assignments were forms of formative assessment,
whereas the final exam was an instance of summative assessment.

The instructor anonymized grades and made them available to the research team at the end of each
period. In addition to performance data, two sets of emotive response data were collected. First, the research
team examined whether there were changes in the degree to which the selected course was perceived as
challenging. Thus, a subset of STEM female students who had completed the course either before (n=30) or
after the pandemic (n=30) was selected through convenience sampling. They were asked to describe the
extent to which the course yielded challenges using a 5-point scale including very difficult, difficult, neutral,
easy, and very easy. They were also asked to indicate the degree to which they experienced stress in the
course on a 5-point scale including no stress at all, mild stress, moderate stress, high stress, and extreme
stress. After these two questions, students were instructed to consider their pre-calculus activities and
performance. Then, they indicated how useful they found what they learned in the course for their future
academic and professional activities on a 5-point scale, including very useful, useful, neutral, useless, and
very useless. They also reported whether they planned to continue their studies in the selected STEM major
on a 5-point scale including very unlikely, unlikely, neutral, likely, and very likely. All responses were
anonymized.

Second, the research team questioned a group of 101 STEM female students enrolled in a
pre-calculus or intermediate algebra course taught by the same instructor during the post-pandemic period.
They were asked in a written format to indicate their views in three broad areas: i) motivation to pursue a
STEM degree; ii) anticipated challenges; and iii) view of women in STEM fields. For each area, they were to
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mention what was most relevant to them. Because all responses were anonymized, it was not possible to link
attitudinal and performance data.

Preceding survey administration, the judgment of two independent educators in the field of
assessment examined all selected questions to determine face validity [55]. Cohen’s Kappa index (CKI),
which was used to determine face validity, was 0.84. It indexed substantial interrater agreement in the context
of binary decisions. The minimal acceptable value of Kappa is 0.60. Instead, participants’ open-ended
answers were submitted to thematic analysis [56], [57]. The guidelines of thematic analysis included
familiarization with the content of students’ answers and coding according to conceptual categories. Raters
were instructed to approach coding as a descriptive enterprise. Namely, they aimed to remain as close as
possible to the content of students’ intended meaning. The interrater agreement was 0.82. If disagreement
existed, then the method of negotiated agreement was adopted to reconcile the remaining differences [57], [58].

3. RESULTS

Results are organized by the question they are intended to answer. Table 1 displays the descriptive
statistics (mean (M) and standard error of the mean (SEM)) of students’ grades in three time periods: before,
during, and after the pandemic. The data from the pandemic period are displayed to illustrate the continuity
of the data collection process but were not included in the set submitted to inferential statistics.

The grades considered are those of the midterm exam (formative assessment measure), the final
exam (summative assessment measure), and class activities (also formative assessment measures). The last
column of Table 1 illustrates significant differences between the periods before and after the pandemic, both
of which entail face-to-face instruction. The last rows illustrate the course failure rates and withdrawal rates.
In the table, inferential statistics are considered significant at the 0.05 level. Based on the standards of the
selected university, failures in pre-calculus were deemed to be grades below 70% (D or F). Because in-class
quizzes and assignments could sometimes entail work with other students (pairs or groups), their grades were
not considered unadulterated work of individual students. Thus, they were analyzed separately.

Table 1. Descriptive statistics of grades by type of assessment
Before During After

Grades M SEM M SEM M sem  Sien
Midterm exam 58.70  (1.85) 83.97 (1.36) 5640  (1.29) B=A
Final exam 60.77 (2.16) 84.52 (1.00)  54.42 (1.17) B>A
Class activities 77.80  (1.35) 71.79 (1.13)  73.35 (0.88) B>A
Failure rates 25.00% 66.26% 31.77% B=A
Withdrawal rates 1.7% 4.91% 19.93% B<A

Note: >or< indicates that values before the pandemic were significantly different from those
after it; =indicates no significant differences

3.1. Has performance changed between before and after the pandemic?

To assess the impact of the pandemic on comparable instructional modes, we examined performance
indices before and after the pandemic, which were the result of entirely face-to-face classes. The midterm
exam grades, final exam grades, and class-activity grades were submitted to a one-way ANOVA with period
as the independent variable. Final grades [F(1, 470)=7.96, MSE=558.09, p=0.005, partial n>=0.017], and
class-activity grades [F(1, 470)=8.29, MSE=263.54, p=0.004, partial n?>=0.017] were higher before the
pandemic. No difference emerged on the midterm exam, a formative assessment measure [F=1.10, ns].

A Chi-squared test was used to determine whether the course failure rate after and before the
pandemic differed. Failure rates did not differ between these two time-based periods [y%(1)=3.18, ns].
However, withdrawal rates [}%(1)=25.90, p<0.001] were substantially higher after the pandemic.

In summary, if exam performance is considered in isolation, the distinction between formative and
summative assessment is relevant. Formative assessment performance was equally poor during the two time-
based periods of face-to-face instruction, but students’ performance in summative assessment deteriorated even
more after the pandemic. Deterioration also involved class activities, such as assignments and quizzes, that were
performed under less stringent time schedules. On average, final exam grades suffered from a 6.35% decline,
whereas class activities exhibited a 4.45% decline. Thus, H1 was supported. Although both performance
indicators decreased, the magnitude of the declines was rather similar, partially supporting H2 (F=1.55, ns).

Although failure rates were equivalent, withdrawal rates from the course were higher after the
pandemic. If students who withdrew are assumed to be those whose course performance is irreparably
damaged, the combined picture is that of students who are not doing well after the pandemic. Namely,
students tended to give up in greater numbers. Yet, when they persisted in pre-calculus, they appeared to
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manage the demands of pre-calculus a little better when given activities that were less constrained by time
and more participatory in nature.

3.2. Did students’ emotive responses to pre-calculus change from before to after the pandemic?

A subset of STEM students who had completed the course either before or after the pandemic was
selected through convenience sampling. They were asked to describe the extent to which the course yielded
challenges on a 5-point scale, from very difficult to very easy. All students described the course as either
difficult or very difficult. However, 23.33% of the students before the pandemic, and 76.67% of the students
after the pandemic designated the course as very difficult.

Before the pandemic, students described the course as entailing either moderate (50.00%) or high
stress (50.00%). After the pandemic, 80.00% of the students chose high stress while 20.00% chose moderate
stress. When asked to clarify their answers, students admitted that stress was driven by doubts about whether
they could satisfy the demands of the course given their knowledge base and available time. Most students
spontaneously reported that they felt anxious about all math courses. Often conveyed was the realization that
a return to on-campus classes required commuting to and from the university, which deprived them of useful
study time. Another observation often reported was students’ return to the habit of cramming for exams and
assignments. Attempts to preserve a more continuous approach to class demands, which had been adopted
during the pandemic, were reported to have failed.

When asked about the utility of their learning of pre-calculus materials for their future academic
activities and professional life, most of their answers tended to fall into the useful slot before the pandemic
(90.00%) and into the neutral slot after the pandemic (93.33%). When students were asked about their
intentions to persist in the selected STEM major based on their performance in pre-calculus, no student
selected very unlikely, unlikely, or neutral. Before the pandemic, students selected likely (56.67%) or very
likely (43.33%). The same pattern was uncovered after the pandemic. Thus, students’ determination to
continue in the program they chose before completing pre-calculus was unbending even in cases in which
they admitted that their performance was less than optimal. They were aware though that this determination
might lead to difficulties in the courses that follow it if remedial actions were not explored. Their uncertainty
in recognizing the value of pre-calculus learning suggested that determination to persist in STEM in the post-
pandemic world might reflect extrinsic motives (e.g., rewards, such as a desired job).

3.3. What are students’ post-pandemic views of their STEM choices?

Table 2 contains descriptive statistics. Specifically, it illustrates the responses produced in the post-
pandemic era by a selected group of students in three emotive-response areas related to STEM: motivation to
pursue a STEM degree, anticipated challenges in STEM, and view of female representation in STEM. In this
table, the choice deemed most relevant by each participant is listed.

Female students’ answers to the question about their motivation to pursue a STEM degree tended to
prioritize career opportunities. The programmatic plan labeled Vision 2030 of Saudi Arabia offers career
opportunities that young women perceive as desirable, including financial independence. Thus, the
preponderance of answers involving career opportunities might reflect the recognition of the current and
future impact of Vision 2030. Yet, it confirmed the weight of extrinsic motives in these young women’s
decision-making practices, which was suggested by the answers to the pre-calculus course. The other choices
underscored female students’ recognition either that their intrinsic interests are key to their ability to succeed
in STEM, or that STEM fields are impactful and thus beneficial to their country’s future. Interestingly, only a
few women mentioned family or peer influences as a motive. When they did so, the choice of a STEM
degree was reported as less genuine in post-survey debriefings.

In response to the question about the anticipated challenges of a STEM degree, many students
reported their current difficulty in balancing the demands of school and home. Other students noted the
negative impact of gender biases in the pursuit of a STEM career or mentioned the fear of being unable to
gain practical experience in a professional world that only recently accepted them as equals. A few others
expressed concern about keeping pace with technological advances in a world that is changing fast.

Table 2. Views about STEM

MOtISV,Ia,%OMn g;g ;Jeresue a % Anticipated challenges in STEM % rep:::e‘ztzgmozzegTsEM %
Passion for STEM subjects 17.82  Balance academic demands and personal life ~ 35.65  Underrepresented 12.87
Career opportunities 46.54  Overcome gender biases in STEM fields 19.80  Fairly represented 31.68
Impact on society 2475  Gain practical experience 25.74  Equal representation of sexes ~ 39.61
Family or peer influence 594  Keep up with evolving technology 16.83  No opinion 15.84
No opinion 4.95  No opinion 1.98
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The question about their views of the role of women in STEM fields received some ostensibly
counterintuitive answers. A large number of female students reported that women were either fairly
represented or equally represented in STEM fields even though their fields were engineering and computer
science. Only a meager 12.87% recognized the reality of women's underrepresentation in the STEM fields of
engineering and computer science. The former answers might reflect an aspirational goal taken from Vision
2030. Indeed, it is undeniable that Vision 2030 gives prominence to the employment of women, especially in
STEM fields. Although this programmatic plan aspires to gender equity in education and employment, and
progress has been made, the aspirations of the plan have yet to be fully realized [12], [13]. Alternatively,
these answers might underscore the fact that female university students are overrepresented relative to men
(62% in 2016) [11] and that there has been an increase in the enrollment of women in STEM. Because the
campus where classes are held is gender segregated, female students mostly see other female students whose
numbers have steadily increased. Thus, misperceptions of the extent to which women are represented in
STEM fields could be the result of the daily experiences of female students on the female side of the
university campus. However, these answers along with those expressing no opinion might also reflect female
students’ reticence to criticize the unfulfilled aspects of a plan that benefits them.

4. DISCUSSION

The results of the present study can be summarized into three interconnected sets of data involving
face-to-face pre-calculus classes. First, compared to the pre-pandemic period, most assessment measures
after the pandemic indicated lower pre-calculus performance. The course was also reported to be more
stressful and difficult. Notwithstanding their less-than-desirable performance, female students did not convey
any intentions to change academic majors. On one side, the determination of female students to pursue a
STEM degree spells good news for the gender-equity goal of the programmatic plan named Vision 2030.
As gender equity is one of the key pillars of a sustainable ecosystem [59], it is also good news for the
sustainability of this plan. Yet, female students’ unwavering determination flies in the face of their declining
performance. If the withdrawal rates and failure rates are combined, the picture that emerges is one of
students who are not doing particularly well in pre-calculus, a foundational course in engineering and
computer science. Determination to persist in a field notwithstanding poor performance may indicate that
these women are contemplating remedies (e.g., further tutoring) before enrolling in calculus, a course for
which success relies on knowledge and skills acquired in pre-calculus. Alternatively, it may indicate the
influence of the so-called optimism bias according to which students may overestimate future performance in
calculus even though current evidence suggests otherwise [60], [61]. In the present study, we did not measure
the extent to which this bias was operative. Indeed, we did not ask students to predict their performance in
calculus and then measure the obtained outcome after calculus was completed. Thus, we are unable to
objectively determine whether this bias was present. Nevertheless, the most likely outcome of this finding is
that students will find calculus an even harder course with challenges that may appear unsurmountable. The
future of students whose performance is poor will tell whether before enrolling in calculus they have chosen
remedies or have remained unrealistically optimistic, thereby facing likely failures.

Second, the emotive responses to a math course (pre-calculus) and a field (STEM) were examined
through the lens of the self-determination theory of motivation [62]. According to this theory, learners’
motives can be described along a continuum. At one end of the continuum, learners are intrinsically
motivated, thereby finding learning activities interesting, enjoyable, personally valuable, and sources of
satisfaction. At the opposite end of the continuum, learners are unmotivated, a condition experienced by
those who find no value or desirable outcomes in learning activities. Learners who are externally motivated
are located between these two extremes. Their learning activities are prompted by external outcomes (i.e.,
rewards or penalties) or by the perceived value, importance, or usefulness of such activities (i.e., identified
regulation motives). Intrinsic motivation is often linked to engagement, persistence, and desirable learning
outcomes [63]-[65]. Learner’s identified regulation motives are also linked to performance, but for such
learners, well-being is contingent on performance [66]. Self-identified regulation refers to learners who see
good performance as rewarding and poor performance with a strong sense of disappointment, thereby
experiencing a decline in well-being.

If the pre-calculus course is viewed as the harbinger of students’ future academic and professional
attainment, some concerns emerge for the post-pandemic era. Intrinsically motivated learners would be
expected to express not only interest but also enjoyment, and satisfaction in the pre-calculus curriculum and
related instructional activities along with the recognition of the value of such curriculum and activities. In the
post-pandemic period, students appeared uncertain regarding the utility of pre-calculus and saw it as more
difficult and stressful than students did before the pandemic. Taken together, the emotive responses of our
participants indicated that female students in the post-pandemic era might be trending towards amotivation
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when responses to particular courses are examined (e.g., pre-calculus) and external motivation when
responses to STEM programs are considered. The former is a situational-level motive, which describes
responses to particular activities, whereas the latter describes a context-level motivation, which refers to
responses to a particular domain [62]. In the extant literature, anxiety is often associated with math
performance [67], [68]. Here, self-reported stress appeared to be linked to amotivation for pre-calculus and
external motivation when STEM fields were considered.

Third, in the post-pandemic period, two sets of primary motives seemed to prevail in the female
students who chose to pursue STEM fields. Almost half of the female students (46.54%) selected career
opportunities, an external motive, as their main incentive for pursuing a STEM degree. It is undeniable that
the currently low representation of women in computer science and engineering professions makes a degree
in such fields likely to lead to ample job opportunities. However, this type of extrinsic motive may not be
sufficiently strong to withstand all the challenges that such a degree brings forth. Not surprisingly, our
students were aware of such challenges, albeit they disagreed on which obstacle was the most relevant. They
listed challenges such as balancing academic and personal demands, difficulty in gaining practical experience
in fields dominated by men, and gender biases. In sum, they recognized that the transition to a more gender-
equitable society is in the making but yet to be fully realized.

Interestingly, if students’ choices of STEM due to passion (an intrinsic motive) or recognition of
STEM as impactful (an identified regulation motive) are combined (42.57%), a different picture emerges.
According to Burton ef al. [66], intrinsic motives promote a focus on learning activities, yielding emotions
that energize learners, such as interest and excitement. Identified regulation motives keep learners oriented
toward the importance of such activities even when these activities may be relatively uninteresting to them.
Thus, both motives can foster persistence in STEM, although intrinsic motives are more sensitive to the
extent to which the learning environment matches learners’ interests. In this study, if students’ intrinsic and
identified regulation motives are combined, 42.57% of the students could be said to have selected goals that
are much more likely to help them withstand all the challenges that such a degree brings forth. Of course, we
do not imply that motives are mutually exclusive. Individuals may express multiple types of motives at any
given time toward a particular activity. For instance, students may be determined to get a good grade in a
course activity and find interest, enjoyment, and value in the activity. Yet, when asked to prioritize motives,
what they choose is an insight into their hierarchy of drives.

Scarce are studies that compare variables such as performance and attitudes before and after the
pandemic. Indeed, researchers have by and large focused their work on comparisons before and during home
confinement. Within this context, the evidence is mixed. Some studies have reported pandemic-related
improvements in grades [6], [69], [70]. Other studies have reported either performance declines or no change
[71], [72]. Researchers have also addressed the teaching of math in the post-pandemic world as requiring
changes compared to the pre-pandemic world [73]. Others have examined subjective variables, such as
anxiety, in the post-pandemic period. A case in point is the study of Dios and Charlo [74], which reported
that high levels of anxiety were related to impairments in students’ capacity to solve mathematical problems.

An exception to this pattern of empirical evidence is the study of Pilotti et al. [75], which examined
the performance and enrollment of STEM and non-STEM female students before and after the pandemic.
They reported that both student groups yielded lower post-pandemic performance (as measured by grades).
Specifically, STEM learners completed fewer general education courses and their grades worsened in courses
dedicated to communication, math, and professional competencies. Nevertheless, in post-pandemic times,
more female students enrolled in STEM fields. These findings agree with Pilotti ef al. [75] and complement
them. Indeed, they suggest that despite lower performance, female learners’ preference for STEM programs
may have increased after the pandemic due to utilitarian reasons (professional opportunities).

4.1. Implications and applications

The implications of the findings for the institution where data collection was performed are clear.
They suggest that change is in order. Sokolowski et al. [76] believe that understanding that concepts of
mathematics are abstractions from the physical world can make such concepts meaningful to students. More
broadly, they argue that students benefit from being presented with realistic scientific problems that give
meaning to abstract mathematical representations as well as offer opportunities for testing hypotheses and
computational models. Thus, they propose the use of computer simulations and realistic data sets that reflect
real phenomena, instead of textual descriptions. Making problems realistic and thus meaningful may
counteract the tendency to memorize concepts instead of understanding them [77]. When students focus their
study efforts on memorization, they are unlikely to be able to understand mathematical algorithms and
adequately apply them to novel problems.

A course is a package that students evaluate through three criteria, including their sense of
competence, relatedness (i.e., the presence of positive interpersonal relationships), and autonomy (i.e., the
feeling of being in control). These ingredients tend to be associated with desirable academic performance,
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engagement, and persistence [78]. The theory of self-determination agrees. It predicts that learners will be
intrinsically motivated if they feel competent, experience a sense of choice and control, and establish positive
interpersonal connections. As a result, they see learning goals as their own, which makes such goals easier to
maintain. Although the selected course relies on a student-centered pedagogy that fosters active learning
activities, and other math courses purport to do the same at the selected institution, evidence from the extant
literature demonstrates that further strengthening each of these ingredients is necessary. Empirical research
aligns several pedagogical techniques with each of these criteria and desirable academic outcomes. They
include experiences building self-efficacy (i.e., confidence in one’s abilities to perform), and emotional
support [79]-[81].

4.2. Limitations

One of the limitations of the current study is its exclusive reliance on female college students. As
such, it is unclear whether male students would yield the same patterns. Yet, it is important to consider that
both female and male undergraduate students are the objects of the workforce of the Vision 2030 plan.
Through the plan, the patriarchal system of their country has been progressively weakened to the point at
which the privileges and visibility upon which males had relied in the past have largely faded. Thus, it is
reasonable to assume that male students would also be subjected to the same pressure to succeed. Another
limitation of our study is the successive independent-group design, which prevents us from examining
changes across time in individual students or merely their progression from pre-calculus to calculus.

A related limitation is that our study offers a one-time window into the performance and views of
female undergraduate students. Changes in their society, fostered by the Vision 2030 plan, may impact their
views in ways that need further study. Of course, the students selected for our study were all second-language
learners. Albeit before admission, standardized tests deemed students’ competent users of the English
language, reading comprehension and production of course materials in English might still offer some
challenges. The students were mostly exposed to an inquiry learning approach, according to which educators
guide learners to understand concepts through applications in a context of peer collaboration. Furthermore,
the educator selected for our study and her instructional staff (e.g., teaching assistants) were competent in
both English and Arabic, thereby providing insightful language support if particular difficulties were
encountered [82]. Such a supportive environment might reduce students’ anxieties toward the English
medium [83]. It is unclear though whether other methods, such as a flipped classroom methodology, might be
more effective [84].

5.  CONCLUSION

This research is a call to action for math educators who are asking themselves whether the post-
pandemic environment merely demands that their students readjust to the “old normal” or requires a
rethinking of instruction and curriculum to accommodate a “new normal” with its uncertainties and
challenges. The answer seems to be the latter when the student population entails female learners from a
society that is restructuring itself to serve a knowledge and service economy. Yet, a similar answer may
apply to students from other countries as the psychological and practical readjustments to on-campus
instruction are likely to take time. Most importantly, if rethinking STEM instruction is considered, it is clear
that math courses can benefit from the enhancement of active pedagogies, including inquiry learning and
project-based learning, which are known to promote intrinsic motivation.

This call to action is relevant to the aims of sustainable education. At its core, sustainable education
consists of academic standards that reconcile concerns for excellence with equity norms. It addresses the
needs of all learners through the sensible use of educational resources and makes learners ready to meet the
demands of the future. Sustainable education applied to the pre-calculus course that we selected for our study
means rethinking instruction to address the needs of female students in the post-pandemic era (fostering
stress reduction and intrinsic motivation to learn) as well as their particular dispositions. For instructors, it
also means utilizing materials and relying on activities that help female learners appreciate the relationships
between current learning and future professional endeavors. Appreciation of such relationships can enhance
the value of what they are learning in pre-calculus. It can also help them internalize and identify with the
chosen STEM fields, thereby making it easier, as time goes by, to maintain their academic and professional
choices. In general, a focus on the process of learning (how to think), rather than the accumulation of
knowledge (what to think) is desirable to ensure that such learners are ready and able to face the challenges
that the Vision 2030 has set for them. Because the latter heavily relies on STEM students’ contribution to the
economic engine of Saudi Arabia, its success is their success.
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