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Abstract: The extent to which grades in the first few weeks of a course can predict overall performance
can be quite valuable in identifying at-risk students, informing interventions for such students, and
offering valuable feedback to educators on the impact of instruction on learning. Yet, research on
the validity of such predictions that are made by machine learning algorithms is scarce at best. The
present research examined two interrelated questions: To what extent can educators rely on early
performance to predict students” poor course grades at the end of the semester? Are predictions
sensitive to the mode of instruction adopted (online versus face-to-face) and the course taught by the
educator? In our research, we selected a sample of courses that were representative of the general
education curriculum to ensure the inclusion of students from a variety of academic majors. The
grades on the first test and assignment (early formative assessment measures) were used to identify
students whose course performance at the end of the semester would be considered poor. Overall,
the predictive validity of the early assessment measures was found to be meager, particularly so for
online courses. However, exceptions were uncovered, each reflecting a particular combination of
instructional mode and course. These findings suggest that changes to some of the currently used
formative assessment measures are warranted to enhance their sensitivity to course demands and
thus their usefulness to both students and instructors as feedback tools. The feasibility of a grade
prediction application in general education courses, which critically depends on the accuracy of such
tools, is discussed, including the challenges and potential benefits.

Keywords: predictive validity; general education; learning algorithms; COVID-19; online learning;
face-to-face learning

1. Introduction

General education courses in undergraduate programs are assumed to ensure that all
college students acquire the foundational interdisciplinary knowledge, as well as the ana-
lytical and communication skills that are necessary to address the demands of their selected
majors and those of their chosen professions [1]. Failures in general education courses may
ignite a cascade of undesirable effects, which can span from mild (the repetition of a course)
to severe (e.g., academic dismissal, delayed degree attainment, and loss of financial aid eli-
gibility). Thus, how students perform in such courses can be considered key in determining
their academic success, including retention and graduation [2,3]. It is an accepted fact that
the timing of the identification of at-risk students is a critical aspect of the effectiveness of
the implementation of remedial interventions [4-6]. However, educators usually have very
little information about students’ performance during the first half of the semester, which
can make the identification of at-risk students both challenging and broadly consequential
if erroneous conclusions are reached. To wit, unrecognized difficulties (an event classified
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in signal detection theory as a miss) are likely to lead to course failure. Notwithstanding the
need for valid early predictions of students” academic performance, which rely on limited
information, most of the research on algorithms that are intended to assist educators’ per-
formance forecasts has relied upon much greater amounts of information collected within
a much larger timeframe and has often involved discipline-specific subject matters [7-9].
Examples are predictions of final course grades in a particular subject matter based on
students’ grade point average (GPA), as well as grades in pre-requisite courses [10], or
more simply, on students” academic history, as exemplified by their performance in past
courses [11]. Yet, the algorithms that yield optimal results tend to vary considerably [12,13],
along with a myriad of innovative stand-alone or hybrid solutions that appear as a regular
stream in the extant literature [14]. As a result, the selection and subsequent use of a
suitable technique for predicting at-risk students may become so challenging and over-
whelming for an educator whose expertise is other than computer science that ignoring
potentially viable technical solutions is the most likely course of action [15]. For such
educators, continued reliance on personal intuition and conscious reasoning may seem
preferable to the ordeal of understanding the technically dense machine learning literature.
However, this comes at the cost of an increased likelihood of biases affecting the processing
of students’ information for assessment and decision-making [16,17], including personal
preferences for the parameters to take into account and for the type and amount of data that
are necessary to generate sensible predictions. Consider that, as the semester progresses,
the amount of information about students that is available to an educator accumulates,
but its utility decreases as remedial actions become harder to implement and their success
becomes more uncertain [18,19]. Earlier predictions are unquestionably more valuable than
later predictions, but at the beginning of a course, very little information is available to
the educator, making predictions about a student’s difficulties even more uncertain (e.g.,
is initial poor performance symptomatic of a momentary hurdle, perhaps linked to the
idiosyncrasies of an assignment, or a reliable indication of serious issues?).

The COVID-19 pandemic has complicated the prediction matter by suddenly relo-
cating students, most of whom were exclusively accustomed to face-to-face instruction,
to online instruction. Although the synchronous online mode that is adopted by many
institutions of higher learning has replicated many aspects of the face-to-face mode (e.g.,
real-time interactions in a virtual classroom), physical distance, technical idiosyncrasies,
competencies, and other issues (e.g., students’ degree and manner of adaptation to en-
vironmental changes) may have made learning in online courses different from that of
face-to-face courses [20,21]. For instance, it has been proposed that the online mode has
fostered the practice of a more continuous engagement in learning activities [20]. As evi-
dence of change, studies have reported higher online performance (as measured by course
grades) than pre-pandemic face-to-face performance [21-25]. However, other studies have
reported declines or no change at all [4,25-27]. Thus, because uncertainty endures as to
whether remote instruction during the pandemic has fostered relevant changes to students’
learning, it remains unclear whether performance predictions that are made online and
face-to-face can be considered equivalent.

In the present study, we examined whether algorithms that are commonly used for the
predictions of final grades could be of assistance to educators in both face-to-face and online
courses when the only information available to the educators is students’” performance
on the first test and assignment. Both assessment measures can be classified as formative
assessment tools [28]. These are tools that are used by students to assess their learning in
a course and by educators to determine the effectiveness of the instruction they deliver,
thereby defining formative assessment as serving both diagnostic and feedback functions.
In a course, formative assessment measures can be said to be particularly critical to students’
academic success, since the information they provide has the potential to foster change
in the way that students approach the curriculum and understand its demands, as well
as in the way that educators teach. Thus, in principle, the earlier the assessment, the
higher may be its impact on both students and educators. Formative assessment differs
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from summative assessment (i.e., final tests), whose primary aim is to measure learning
comprehensively across the entire semester as an evaluation of the extent to which it meets
pre-set learning outcomes. A summative assessment indicator is the final course grade that
is given to each student at the end of the semester. The effectiveness of early formative
assessment measures, each of which covers a portion of the curriculum to be acquired in a
course, resides in their ability to adequately predict final course grades which reflect the
student’s learning of the entire course curriculum.

It is customary for institutions of higher education to demand that students meet a
minimum performance requirement to gain access and remain enrolled in any degree pro-
gram. At the institution that was selected for the present research, this requirement entails
maintaining a GPA that is better than a C (greater than 79%). Thus, to ensure authenticity,
we classified the final course grades into three performance categories: high (H—equal to
or greater than 90%); medium (M—=80-89.99%), and low (L—79% or below). This stringent
classification scheme created categories of comparable size, while it minimized the impact
of grade inflation and educators’ grading idiosyncrasies, as well as reflected the standards
of academic success at the selected institution.

At the outset, we recognized that the predictive validity of a forecast may refer to
a variety of key parameters, such as accuracy [(hits + correct rejections)/all responses,
including hits, correct rejections, misses, and false alarms)]; precision [hits/(hits + false
alarms)]; and sensitivity [hits/(hits + miss)]. In the task of identifying at-risk students,
however, correct rejections are not particularly relevant. Furthermore, false alarms are
much less costly or even less relevant than misses. Namely, false alarms are likely to reflect
cases of temporary difficulties experienced by individual students which are mistakenly
identified as enduring and/or severe (a false alarm), thereby creating unnecessary but
fleeting stress in such students. Thus, in the present study, we relied on sensitivity as a
measure of the predictive validity of forecasts of at-risk students (i.e., learners receiving
an L grade at the end of the semester). A sensitivity score for an L classification was
conceptualized as a proportion, including the number of correctly classified L grades
divided by the number of grades that were either misclassified as H and M or correctly
classified as L.

The study involved female undergraduate students of a society that is in transition
from a patriarchal order to one that is akin to gender equity in education and employ-
ment [29-32]. In such a society, of which a prototypical example is the Kingdom of Saudi
Arabia (KSA), female students of college age are the main target of top-down gender-equity
interventions. Decrees and massive financial investments aim to re-set the country’s so-
cial structure to favor meritocracy for both sexes at the expense of tribal and patriarchal
favoritism [33]. Thus, the academic success of female college students is a priority for the
adequate development of the economic and social engine of KSA, making our research a
window into the performance of this highly valued population, as well as into the utility of
early performance assessment in the said population.

The current study tested several popular learning algorithm(s) to answer two interre-
lated questions:

a. Can at-risk students (defined as those with an end-of-the-semester score of L in
a general education course) be effectively identified by very early performance
indicators (i.e., grades on the first test and first assignment) through one of these
algorithms?

b. Do predictions of at-risk students vary between face-to-face instruction and syn-
chronous online instruction, as well as with the specific subject matter taught in a
course?

We selected a sample of courses that are representative of the general education
curriculum of a Saudi higher education institution that follows a curriculum of U.S. import
and a student-centered pedagogy. The courses had been taught by the same instructor
both online (during the pandemic) and face-to-face (before the pandemic) for at least three
semesters in each mode. The acceptable sensitivity threshold for the selected algorithms
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was determined by a sample of educators who taught similar courses. We predicted
that if early performance indicators cannot be relied upon to identify at-risk students,
early predictions will exhibit a sensitivity score at the identified subjective threshold or
below. This outcome is likely to be present if instructors are more lenient at the start of the
semester, thereby making the results of the first assignment and test less representative
of the demands that are placed upon students in the courses they teach. Alternatively,
the higher a sensitivity score is above the threshold, the more the first assignment and
test can be said to represent students’ overall performance. The description of the specific
algorithms that we selected and the rationale behind their selection are included in the
Methods section.

2. Methods
2.1. Sample

The data set of the present study included the grades of 5158 female students that
were enrolled in a general education course at a university in the Middle East (KSA). In
the set, a random number uniquely identified each student and was associated with her
grades on the first test and homework assignment, as well as her final course grade, all
measured on a scale from 0 to 100. The data set included students who completed one
of the following general education courses, which were carefully chosen to ensure an
adequate representation of the general education curriculum that was adopted by the
selected university and a minimal overlap of students: Arabic Cultural Studies (n = 1314);
Introductory Psychology (n = 847); Statistics (n = 612); Wellness Education (n = 1390); and
Written Communication (1 = 995). The courses had been taught both face-to-face (before
the pandemic; n = 2614) and synchronously online (during the pandemic; n = 2544) by the
same faculty (n = 10). All faculty had at least 5 years of teaching experience in the sampled
courses. If a student appeared in more than one course in our dataset, only the grades of
one course would be included. Random selection dictated the course for which grades
would be entered into the data set.

Both instructional modes relied on Blackboard for the posting of course materials, sub-
mission of assignments, and testing. Online classes also relied on Blackboard Collaborate, a
platform that created a virtual classroom. In it, video, audio, and chat functions permitted
participants to interact with each other in real-time. To ensure proper conduct during the
tests that were administered in the virtual classroom, students were required to activate the
video and microphone function of Blackboard Collaborate and rely on a lockdown browser
application. In both online and face-to-face classes, anti-plagiarism software (i.e., Turnitin)
was also used. Important to note is that the general education curriculum at the selected
university followed a U.S. model in content and practice. Namely, the curriculum, whose
content had been developed by the Texas International Education Consortium (TIEC) and
approved by the Saudi Ministry of Education, required that English be used as the primary
mode of communication and that the pedagogy adopted for instruction be student-centered.
The university was known to rely on a standard-based grading system, according to which
the performance of students in a course was defined by their attainment of the learning
objectives that defined the curriculum of the course, regardless of how other students
performed [34]. Faculty teaching any of the selected courses were required to comply with
syllabi that were developed and approved by TIEC, thereby demanding activities (tests and
assignments) that met an identical set of learning outcomes. In each of the selected courses,
the first assignment and test generally covered at least 1/3 of the learning objectives that
were specified by the entire curriculum. Since preliminary analyses yielded null differences
for the variable “faculty” within the same course, this variable was not included in the data
analyses described in the result section. The present research was conducted under the
purview of the Deanship of Research of the selected institution.
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2.2. Materials and Procedure

For convenience, students” grades (range: 0-100) were organized into 3 categories,
high (H), medium (M), and low (L) performance. H stood for grades in the 90-100 range, M
referred to grades in the 80-89 range, and L included grades between 79 and 0. Six different
algorithms that are commonly used in educational research [35,36] were chosen to make
predictions of students’ final grades. These algorithms are K-Nearest Neighbor (KNN);
Linear Regression (LR); Multi-Layer Perceptron (MLP); Naive Bayes (NB); Random Forest
(RF); and Support Vector Machine (SVM). Each algorithm is briefly described below. For
each algorithm, an article from the pertinent literature describing its mathematical details
is mentioned for the interested reader.

K-Nearest Neighbor (KNN) is a non-parametric classifier [37]. That is, it selects a letter
grade as the final grade for a given student. KNN merely classifies a target object (e.g., a
student’s initial grades) by relying on a majority vote of its K neighbors (e.g., students with
similar initial grades). The distance between the target object and each of its neighbors is
what matters. In our research, to predict final grades (H, M, and L), the number of nearest
neighbors used was 21. This number was chosen after fine-tuning the algorithm. The
Euclidian distance between any two points was used to find the nearest neighbors.

Logistic regression [38] is a method used to predict a dependent variable (also called
outcome variable) for a given set of independent variables (i.e., predictors). It is specifically
used to calculate the probability of a categorical dependent variable (e.g., H, M, and L
grades). For this study, multiclass logistic regression was used, as predictions needed to
fall into more than two categories.

Multi-Layer Perceptron (MLP) is a type of Artificial Neural Network (ANN), which
attempts to mimic how the human brain is organized and functions [39]. Namely, an ANN
is a network of neurons (i.e., nodes) with the strength of their connections defined by their
weight. The MLP that was used in this study was organized into an input layer, three
hidden layers, and an output layer. It was a feed-forward network with a back-propagation
algorithm for training. Adam optimizer, a stochastic gradient-based optimizer, was applied
to optimize the log-loss function. A RELU activation function was used for the hidden
layer.

The algorithm named Naive Bayes (NB) works on the principles of Bayes’ theorem,
whose aim is to find the conditional probability of a given event [40]. NB assumes that
each feature makes an individual and equal contribution to the outcome. For a dataset,
NB first creates a frequency table for each attribute, which is then molded into likelihood
tables. Lastly, the Bayesian theorem is used for calculating the posterior probability for each
class. The class with the highest posterior probability is the prediction that is made by NB.
Although in the grade prediction task, the assumption of independence for the variables
that are used to make estimates is likely to be violated (e.g., first assignments and tests are
unlikely to be independent measures of early performance), we included NB because of its
recurrent presence in grade prediction research (see [35]).

The Random Forest (RF) algorithm relies on a tree-like structure consisting of nodes
and leaves [41]. Each node corresponds to an input variable (e.g., a student’s initial grades),
whereas each leaf represents all the different outcomes that could be achieved (e.g., final
grades illustrating H, M, and L performance). RF consists of many decision trees that are
determined by the user. Each decision tree gives one prediction and the prediction with the
highest number of votes becomes the model’s final prediction. The main concept behind
this algorithm is that many uncorrelated trees working as a community can outperform the
working of a single tree. For the present research, we used 100 trees.

The core of a Support Vector Machine (SVM) is an algorithm where each data point is
plotted in an n-dimensional space [42]. In such a space, the number of features is n and the
value for each feature is a coordinate. Classification is achieved by finding a hyperplane,
which is a line that separates groups of data. Finding the hyperplane with the maximum
margin for all groups is an optimization problem. SVM is sensitive to the data points that
are close to the border of any two groups. In our study, a multi-class SVM algorithm based
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on Gaussian Radial Basis Function (RBF) kernel was used to predict students” H, M, and
L performance, as measured by final grades in the courses in which they were enrolled.
The algorithm works by solving a single optimization problem that maximizes the margins
between all the designed classes simultaneously.

For measurement purposes, the dataset was partitioned into 70% training and 30%
testing. The parameter of sensitivity was used to illustrate the predictive validity of the
estimates that were generated by each algorithm, since in grade prediction matters it is
particularly costly to miss a student at risk. Sensitivity = [hits/(hits + miss)]. In this
equation, a hit (true positive) is the number of students who are correctly identified as
receiving a particular letter grade (e.g., the algorithm predicts an L for a particular student,
which is indeed what the student has received at the end of the semester). A miss (false
negative or type II error) is the number of students who are incorrectly identified as not
receiving a particular letter grade (e.g., the algorithm predicts a grade other than an L
for a particular student, but the student’s grade is an L). We excluded other measures of
performance as either irrelevant to the task of predicting at-risk students, such as a correct
rejection, or minimally costly, such as a false alarm. In the grade prediction task, a false
alarm (false positive or type I error) is the number of students who are incorrectly identified
as receiving a particular letter grade (e.g., the algorithm predicts an L for a particular
student, but the student has received a grade better than an L). A correct rejection (true
negative), instead, is the number of students who are correctly identified as not receiving a
particular letter grade (e.g., the algorithm predicts a grade other than an L for a particular
student, which is indeed what the student has received).

3. Results

The results of the present study are organized into the following sections: a description
of students’ performance, and a description of the performance of the chosen algorithms in
predicting the final course grades.

3.1. Students’ Performance

To obtain a sample of grades that adequately reflected students” key performance
levels in the courses in which they were enrolled, and bypassed grade inflation and instruc-
tors” grading idiosyncrasies, we classified the final course grades into three performance
categories: High (equal to or greater than 90%); Moderate (80-89.99%); and Low (79% or
below). The latter category included at-risk students. Table 1 displays the percentage of
grades that were assigned to H, M, and L performance by course and instructional mode.

Table 1. Percentage of students with H, M, and L performance by course and instructional mode.

Course Mode High Medium Low
Performance Performance Performance
ACS Face-to-face 37.9% 37.6% 24.4%
Online 65.6% 15.9% 18.5%
PSY Face-to-face 25.1% 40.5% 34.4%
Online 41.7% 36.4% 21.9%
STA Face-to-face 16.7% 34.5% 48.8%
Online 33.1% 50.4% 16.5%
WCO Face-to-face 30.8% 33.6% 35.6%
Online 41.9% 31.1% 27.0%
WED Face-to-face 29.7% 31.7% 38.6%
Online 57.3% 13.5% 29.2%

Note: ACS = Arabic Cultural Studies; PSY = Psychology; STA = Statistics; WCO = Written Communication; and
WED = Wellness Education.

Overall, a greater percentage of students yielded L or M performance in face-to-face
classes than in online classes, whereas a greater percentage of students yielded H perfor-
mance online, )(2 (2, n =5158) = 285.34, p < 0.001. However, when we examined the fre-
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quency of grades H, M, and L in individual courses, a more nuanced pattern emerged about
the relationship between performance level and instructional modality, % (2, n = 612-1390)
> 14.66, p < 0.001. In online classes, H was the most frequent score. The only exception
was online STA for which M was the most frequent score. In face-to-face WCO and WED
classes, there was a somewhat even distribution of L, M, and H scores. In face-to-face STAT
classes, L was the most frequent score, whereas in face-to-face ACS classes most scores
were either H or M. These patterns of frequency distribution were reflected in students’
end-of-course feedback surveys for which STA was judged as a difficult course, but less so
online. Although the other classes were reported not to be as difficult as STA, they were
also seen as easier when they were online. However, at the start of the semester, STA was
judged as more difficult when it was online.

3.2. Algorithms” Performance

The final course grades, labeled as H, M, or L, were used for estimation. We applied the
selected algorithms to assess their ability to predict at-risk students in each of the selected
performance categories. We relied on sensitivity scores as a measure of the quality of the
estimation that was made. Table 2 displays the sensitivity scores of the L-performance
category, which indexed at-risk students, as a function of instructional mode and type
of course.

Table 2. Prediction of at-risk students (sensitivity scores) by instructional mode and course.

Algorithm Modality ACS PSY STA WED WCO Mean
KNN FtF 0.83 0.43 0.67 0.74 0.70 0.70
Online 0.41 0.52 0.71 0.68 0.57 0.50
LR FtF 0.86 0.43 0.67 0.69 0.74 0.70
Online 0.41 0.58 1.00 0.63 0.76 0.63
MLP FtF 0.86 0.55 0.71 0.69 0.70 0.56
Online 0.41 0.52 0.90 0.62 0.68 0.59
NB FtF 0.86 0.43 0.64 0.69 0.79 0.73
Online 0.31 0.58 0.76 0.46 0.76 0.55
RF FtF 0.76 0.43 0.76 0.74 0.70 0.56
Online 0.41 0.48 0.71 0.69 0.57 0.59
SVM FtF 0.75 0.40 0.67 0.69 0.63 0.48
Online 0.25 0.48 1.00 0.61 0.61 0.52
Mean 0.59 0.49 0.77 0.66 0.68

Note: KNN = K-Nearest Neighbor; LR = Logistic Regression; MLP = Multi-Layer Perceptron; NB = Naive
Bayes; RF = Random Forest; SVM = Support Vector Machine. ACS = Arabic Cultural Studies; PSY = Psychology;
STA = Statistics; WCO = Written Communication; and WED = Wellness Education.

To determine the extent to which actual instructors in actual classrooms would tolerate
misclassifications of at-risk students as likely to do well in their courses, we presented
10 faculty who had experience in at least one of the selected courses with the following
scenario: “Imagine that after a couple of weeks into a semester, you are asked to take over
a class from another instructor who was abruptly granted a leave of absence for health
reasons. A colleague offers you an algorithm that can help you identify students who will
not do well in this class. Imagine that at present, unbeknownst to you, 10 students will not
do well in this class without some sort of early intervention. What is the maximum number
of students out of 10 that the algorithm can fail to correctly identify as being at-risk for you
to deem the algorithm unlikely to be useful? Alternatively, what is the minimum number
of students out of 10 that the algorithm should correctly identify as being at-risk for you to
deem the algorithm useful? Keep in mind that the early identification of at-risk students in
real life is a complex task, which may lead educators to misclassify some students as likely
to do well (misses or false negatives). Thus, provide a realistic number that would apply
to you as representative of your teaching experience”. The answers included sensitivity
rates ranging from 0.9 to 0.6, leading to an average of 0.7 (the value the arrow points to).
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Thus, in our study, we considered a sensitivity score of 0.7 or above as acceptable, which
was treated as the threshold of subjective effectiveness.

Was there an algorithm that could be described as superior in both face-to-face (FtF)
and online instruction? Figure 1, which plots sensitivity as a function of the type of
algorithm and mode of instruction, shows that KNN, LR, and NB consistently performed
more effectively face-to-face than online. SVM, MLP, and RF yielded poor performance
both online and face-to-face. Interestingly, no algorithm performed adequately (i.e., above
the threshold of subjective effectiveness) in online classes.

M

W FtF m Online

Figure 1. Prediction of at-risk students (sensitivity scores) by instructional modality and algorithm.

Across algorithms, did sensitivity change as a function of the type of course and mode
of instruction? Figure 2, which plots sensitivity scores as a function of course and mode of
instruction, shows two dissimilar patterns: ACS, WCD, and WED yielded more effective
predictions face-to-face than online. Instead, STA yielded more effective predictions online.
However, except for ACS and less so for STA, the differences between the modes of
instruction were minor.

To better understand the pattern that was yielded by ACS, WCO, WD, STA, and PSY,
we examined whether specific algorithms contributed to it. Figures 3-7, which plot the
sensitivity scores as a function of the algorithm and mode of instruction in each of these
courses, illustrate that the effectiveness of algorithms in making predictions depended on
both the type of course and the mode through which the instruction was delivered. Thus,
educators would be well advised to consider both variables in selecting algorithms for
predicting at-risk students in the classes they teach. For instance, although ACS, WCO, and
WED showed greater effectiveness in the prediction task (as measured by the threshold of
subjective effectiveness of 0.7) in the face-to-face mode, not all algorithms did so across all
courses. To illustrate, ACS was an exception, as all algorithms made effective predictions
in face-to-face classes and none in online classes. However, such a clear pattern was not
obtained in WCO and WED. Specifically, only KNN and RF made predictions that were
above the threshold of effectiveness in face-to-face WCO classes, whereas all algorithms,
except SVM, made predictions that were above the threshold of subjective effectiveness
in face-to-face WED classes. Furthermore, only LR and NB made effective predictions in
online WED classes. In contrast to the checkered pattern of WCO and WED, STAT exhibited
a pattern that was largely the opposite of ACS. Namely, all algorithms yielded predictions
that were above the threshold of subjective effectiveness online, whereas only MLP and
RF made predictions that were above said threshold face-to-face. Irrespective of whether
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PSY was delivered face-to-face or online, the predictions of all the algorithms were poor, all
well below the threshold of subjective effectiveness.
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Figure 2. Prediction of at-risk students (sensitivity scores) by instructional modality and course type.
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Figure 3. ACS course: prediction of at-risk students (sensitivity scores) by instructional mode.
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Figure 4. WCO course: prediction of at-risk students (sensitivity scores) by instructional mode.
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Figure 5. WED course: prediction of at-risk students (sensitivity scores) by instructional mode.
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Figure 6. STA course: prediction of at-risk students (sensitivity scores) by instructional mode.
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Figure 7. PSY course: prediction of at-risk students (sensitivity scores) by instructional mode.

4. Discussion

The findings of the present research can be summarized in two points. First, if
the overall predictive validity of machine learning algorithms is of interest, our evidence
suggests that they tend to yield a higher predictive validity (as indexed by sensitivity scores)
in face-to-face than in online classes. Is this higher predictive validity due to changes in
the way that students approach the curriculum of a course? Is it due to changes in the
way that educators deliver content and/or assess learning? We explicitly selected courses
that were taught by the same experienced educators and followed the same curriculum
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requirements online and face-to-face. Educators’ self-reports did not illustrate that the
standards of early formative assessment (i.e., the first assignment and test) were changed
between face-to-face and online courses. Yet, the lower predictive validity of early formative
assessment online indicated that these measures were less useful to both educators and
students when embedded in online classes. Inquiries through focus groups and informal
exchanges with both students and faculty did not clarify this puzzle, mostly leading
to the acknowledgment by both parties that the adaptation to online courses was more
challenging for students than the adaptation to face-to-face courses. The following themes
were frequently mentioned by students and corroborated by faculty: more time devoted to
understanding how to navigate materials posted online (Blackboard) and how to use them;
feelings of isolation and perceived distance from the instructor; and fewer opportunities for
informal interactions with the instructor and classmates. Instructors reported more initial
inquiries regarding course contents and requirements online than face-to-face, often noting
that students who were accustomed to on-campus classes required more time to navigate
and feel comfortable with the online mode. Thus, qualitative evidence seemed to point to
educators who, aware of students’ adaptation challenges, might have become tacitly more
lenient when assessing performance, even though they purported not to have changed
their standards of assessment. However, this pattern may offer a misleading picture since
the variables course type and mode of instruction interacted.

Second, algorithms such as KNN and RF were consistently better predictors of at-risk
students in face-to-face courses in the humanities and social sciences, such as ACS, WCO,
and WED, whereas they were better predictors online when the course covered mathemati-
cal knowledge and skills (STA). The flexibility of KNN and RF may be particularly useful if
the SARS-CoV-2 virus, which causes the COVID-19 disease, persists in affecting people’s
lives, thereby forcing university administrators to continue relying on the online mode or
adopt hybrid modes for courses that are offered at their institutions.

As for the differences in algorithms’ predictive validity between online and face-to-
face, the interaction of course type and mode of instruction was not entirely clarified by the
self-reports that were produced by students and educators; however, a consistent theme
emerged. At the very beginning of the semester, some classes were reported by students
as likely to be more difficult online (e.g., STA), whereas others (e.g., ACS and WED) were
seen as potentially easier online. These biases could be thought of as capable of shaping
students’ behavior inside and outside the virtual classroom. For instance, consider that
the anxiety that was experienced by female students towards Math courses increased
considerably when the courses were delivered online. Increased anxiety might have led
students to pay more attention in class and devote more time to class activities across the
entire semester, thereby potentially leading to three interrelated outcomes: (a) enhancing
their performance across the entire semester; (b) rendering a view, at the end of the semester,
of the online STAT course as easier to manage than expected; and (c) making even initial
formative assessment measures more likely to reflect overall course performance online
than face-to-face. Instead, the initial expectation of easier online courses, coupled with
educators’ purported leniency that was driven by the opposite expectation, might have had
a quite different impact. Namely, expectations might have unnecessarily lessened students’
effort towards class activities, and relaxed educators’ grading standards to ease students’
adaptation to online courses, thereby making initial formative assessment less likely to
reflect overall course performance online.

Our research suggests that particular machine learning algorithms can be used to
make informed predictions regarding students” performance attainment, but the predictive
validity of each algorithm has to be first assessed as a function of two important variables:
course type and instructional mode. Our study adds to the growing body of grade pre-
diction studies that rely on machine learning algorithms [8,10,43-45] by pointing to the
relevance of such variables to interventions that are intended to foster academic success in
an understudied student population. In our research, the latter is represented by young
women of college age from a society that has only recently implemented and enforced
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gender equity guidelines. Our research also contributes to the extant literature by relying
on a subjective criterion of effectiveness that is produced by faculty with direct experience
in teaching the courses that are included in our sample. Too often, studies examining the
predictive validity of different algorithms have focused on relative comparisons but have
failed to give readers an idea of how to conceptualize a desirable outcome for the actual
situations/conditions they face.

5. Conclusions

We believe that research in educational settings should be motivated by the intention to
improve participants’ existing conditions [46—48]. As such, we subscribe to the main tenets
of action research according to which the aim of a research project is practical. Namely, it
is to identify a problem, condition, or situation; propose and implement a solution that is
intended to bring improvement to the very people who participate in the research; assess
the effectiveness of the solution; and either (a) start from the beginning if the outcome is
unsatisfactory, or (b) broaden the reach of the purported solution if the outcome is within
the expected parameters [49]. Thus, our goal is to rely on machine learning algorithms as
feedback tools for students to assess their learning, and for faculty to assess their teaching.
If improvement is needed, such tools can also inform the nature of the changes to be
implemented in a university’s curriculum and instruction.

To this end, we recognize that too often, algorithms and related data mining techniques
are mainly accessible to educators who possess a background in computer science, and,
more precisely, in artificial intelligence [15]. Educators with diverse backgrounds are
frequently unable to access data mining techniques, thereby preventing their application
to a much wider educational field. Our goal at the selected institution is to offer faculty
with backgrounds outside computer science access to such techniques via workshops and
mentorship efforts. Specifically, we plan to develop an easy-to-use early-warning system
that relies on KNN to identify students at risk in particular courses, depending on the mode
of instruction that is used to deliver their content. Currently, we have data supporting
the effectiveness of an early-warning system using KNN in face-to-face ACS, WCD, and
WED courses, as well as in online STA. The choice of KNN is based on its yielding the
best relative performance for different modes of instruction in the courses that are selected
for our study. However, the dismal performance of KNN, along with that of all the other
algorithms in PSY, suggests that the early formative assessment measures of this course
need to be examined closely to determine whether they indeed fit the learning outcomes of
the course. A similar examination of the early formative assessment measures of the other
courses that were selected for the present examination may also be warranted to improve
their predictive validity. Of course, the predictive validity of KNN for at-risk students in
general education courses that were not included in the present research, especially those
involving natural sciences and math, will also need to be examined.

Existing early warning systems for the identification of at-risk students may be too
general and thus become poor predictors of academic difficulties in particular courses.
They also often rely on norm-referenced scores, which take into account how other students
perform, instead of criterion-referenced scores, which consider how students perform
relative to the learning outcomes that are set by the curriculum of different courses (as
illustrated by summative assessment measures). Thus, an algorithm, such as KNN, that
uses criterion-based scores to predict at-risk students may be seen as particularly helpful by
educators. Indeed, it has the ability not only to effortlessly identify students who experience
difficulties, but also to inform revisions of the curriculum and assessment protocol to ensure
adequate coverage of the learning outcomes of a course. The attainment of such learning
outcomes is particularly critical to general education courses, which lay the foundations
for academic success in major-specific courses [50-53].

Two important lessons that are learned from our investigation and the pertinent
extant literature are reminders of the limitations of our study. First, machine learning
solutions for grade prediction, albeit most useful early in a course, may require adaptation



Electronics 2022, 11, 2057 14 of 16

to the particular student population and the academic environment that an educator or
administrator has selected for assessment and intervention. Namely, each educational
setting may have features that are common to other educational settings (e.g., reliance on
the synchronous online mode), thereby allowing a technical solution to be transferred, and
features that may be unique to it. Unique features introduce uncertainties by questioning the
transfer of the solution to other settings. For instance, the students selected for the present
investigation are exposed to undergraduate courses guided by the principles of student-
centered instruction intended to promote deep learning at the expense of rote learning.
It is unclear whether our findings generalize to students who are exposed to a different
type of instructional principles. Thus, uncertainties, defined by their statistical properties
(e.g., parametric or non-parametric factors), and origin (e.g., internal to the learner or
environmental, etc.), are likely to depend on the student populations that educators select
for assessment and intervention, and the specific factors they deem relevant. Second, a
lesson that is learned from the extant literature is that, in a vast array of problem domains,
computational models are relentlessly evolving and are often so complex that educators
without knowledge in computer science are left out. Innovative algorithmic solutions may
be applied to the grade prediction needs of an institution and its faculty [54,55] if the unique
properties of the grade-prediction conundrum in any given setting (including students and
academic environment) are integrated and computing resources for training and inference
purposes are made available e.g., [56]. However, such models also need to become more
transparent and user-friendly for non-experts to ensure broad and reliable adoption [15].
Our paper is a modest call for action that specifically targets non-expert educators and
administrators to approach the field of machine learning due to its potential benefits to the
quality of learning and teaching.
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