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Abstract

Background
Lack of direct contact with the students in online courses can result in lower lecturer’s awareness of their
engagement and progress. Examination scores generally have the highest proportion in determining students’
grades. Predicting examination scores from the earliest point of the course may be useful in designing timely and
appropriate interventions.

Aim
To analyze the predictors of midterm and �nal examination scores in an online cell biology course of health
nutrition in the undergraduate program at the Faculty of Medicine, Public Health and Nursing Universitas Gadjah
Mada, Yogyakarta Indonesia.

Methods
The learning materials including texts, PowerPoints, videos and miniquizzes were uploaded in a course
management system before conducting online meetings. In total, 10 different topics were delivered. Pretest and
posttest, both not used for grading, were given at the �rst and last online meeting. Components of the �nal score
were classroom assessments, group assignments, midterm and �nal examinations. Students (n = 154) were
divided into three groups based on their �nal examination scores, i.e., low, middle and high score. Each
component of the �nal score was reported as mean ± standard deviation and the mean difference between
groups was analyzed. Linear regression analysis was performed to reveal the main predictors of the midterm and
�nal exam scores. Two-step cluster analysis determined by the earliest-obtained scores was performed to identify
low achieving students.

Results
Students with higher �nal examination scores had signi�cantly higher scores for pretest, posttest, pre and post-
midterm class assessments, midterm exam and group assignments (p < 0.05). Premidterm class assessment was
the main predictor of the midterm exam score. Midterm exam score was the strongest predictor of �nal exam
score and clustering using midterm-premidterm scores identi�ed 75% of low achieving students. To assist
students with low and middle achievement, several modi�cations were considered such as providing longer and
multiple access to the learning and formative test materials, facilitating a communication platform with fellow
students and sending personal encouraging messages.

Conclusion
Scores obtained in various activities during the course potentially predict student grades. The activities should be
optimized to improve students’ achievement especially for the less privileged students.
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Introduction
The Cell Biology course is one of the basic courses for the health nutrition undergraduate program at the Faculty
of Medicine, Public Health and Nursing Universitas Gadjah Mada in Yogyakarta, Indonesia. Like every other class,
the students are separated into high, middle and low achieving students at the end of the course. The high
achieving students usually have better prior knowledge [1], are faster adapted learners and have more privileges
in accessing learning facilities [2]. Giving special attention to less advantaged students can potentially boost their
learning progress into a better achievement [3, 4]. However, managing students with different backgrounds,
motivation, and learning abilities is very challenging.

Online courses require pre-class, in-class and after-class activities to promote a more active learning environment
that can increase student engagement [5]. However, potentially low achieving students are more di�cult to detect
in an online course, since the lecturers and students are not within the same room and the time for online face to
face contact is limited and often shorter than in-class meetings. Therefore, early detection of low achieving
students will provide more opportunity to overcome some of their challenges and problems in achievement [6, 7].
This study aimed to analyze the predictors of midterm and �nal examination scores in an online cell biology
course of health nutrition in the undergraduate program at the Faculty of Medicine, Public Health and Nursing
Universitas Gadjah Mada, in Yogyakarta, Indonesia.

Methods

Course description
The course is offered online and conducted by a teaching team. The online meetings are scheduled once a week
for 100-minute sessions lasting 13 weeks. At the �rst meeting, the students receive an explanation of the whole
program and are introduced to the lecturers. Course materials such as videos, PowerPoints and texts are
uploaded into a course management system, at least 3 days before each scheduled meeting. An online mini quiz
of each weekly topic is provided and the students should submit their answers before each meeting. The scores
of the mini quizzes do not contribute to the students’ �nal grade for the course.

The time allocation during online meetings is mostly used for discussing students’ answers from the mini quizzes
as well as for a question and answer session before the lecturers presented additional explanation. At the end of
the meeting, a classroom assessment is given for 15 minutes. Alternatively, after-meeting assignments are given
for several topics. For the rest of the text and for analysis purposes, the term classroom assessment will be used
for both activities. The scores of the classroom assessments contribute to the students’ �nal grade for the course.

Another component of the �nal score is the group assignment of 2–3 students. Each group is assigned a topic
and must create a poster, crossword puzzle, or video related to their topic of choice. These are uploaded into a
social media platform. Each group receives comments and questions from other students and the lecturers.
Scienti�c accuracy and creativity in their presentation and discussion are scored by the lecturers.
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Table 1
The program, number of activities and the percentage of the scores for grading

Session / topic Pretest Pre
midterm
mini
quizzes

Pre-
midterm
class
assess
ment

Mid
term
exam

Post
midterm
mini
quizzes

Post-
midterm
class
assess
ment

Group
assign
ment

Post-
test

Final
exam

  0% 0% 9% 25% 0% 11% 15% 0% 40%

Introduction 1                

Cell and
organelles

  1 1            

Cell membrane   1 1            

Cellular
energetic

  1 1            

Gene
expression

  1 1            

Review &
discussion

    1            

Examination
week

      1          

Intercellular
communication

        1 1      

Cytoskeleton
and
extracellular
matrix

        1 1      

Cell cycle and
cell division

        1 1      

Meiosis and
pattern of
inheritance

        1 1      

Fertilization
and intrauterine
development

        1 1      

Cell damage
and cell death

        1 1      

Final
presentation
and discussion
of group
assigment

            1 1  

Examination
week

                1

Number of
activities

1 4 5 1 6 6 1 1 1
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Session / topic Pretest Pre
midterm
mini
quizzes

Pre-
midterm
class
assess
ment

Mid
term
exam

Post
midterm
mini
quizzes

Post-
midterm
class
assess
ment

Group
assign
ment

Post-
test

Final
exam

Online meetings were scheduled in each session (13 times in total), except in examination week.

The midterm exam with 40 single best answer multiple choice questions (MCQs) and the �nal exam (60 MCQs)
are conducted on designated exam weeks. The students are required to turn on the camera in their second device
to enable the lecturer to observe their activity during the midterm and �nal examinations. One lecturer and one
assistant supervise between 21–33 students. The questions for the �nal examination test only cover topics
delivered after the midterm examination. The percentage proportions of the �nal score are as follows: 20% from
classroom assessments (9% and 11% for pre- and post-midterm, respectively; depending on the number of
topics), 15% from group assignments, 25% from the midterm examination, and 40% from the �nal examination
(Table 1). Scores range from 0-100.

To analyze the students’ overall progress, a pretest and posttest that are not included in calculating the �nal
grading are given for 30 minutes at the �rst and the last online meeting. The MCQs in the pretest are exactly the
same as the questions used for posttest, but the same set of questions is not used in the midterm and �nal
examinations.

Statistical analysis
The �nal examination score has the highest proportion of the �nal score and was obtained at the very end of the
course. Therefore, the �nal examination scores were divided into three equal ranges and used to divide the
students into tertiles, i.e., low, middle and high achieving students. Other scores were presented as mean ± 
standard deviation and mean differences between �nal examination groups were analyzed with Anova or
Kruskal-Wallis tests. Linear regression analysis was performed with the midterm or �nal examination scores as
the dependent variable, by using other performance scores added to the model in stepwise fashion.

The results of the linear regression analysis were used to analyze scores from several activities that contribute to
the examination scores. To reveal whether scores obtained earlier in the course may be used to identify low
achieving students, Two-step cluster analysis was performed using the premidterm scores, i.e., pretest,
premidterm miniquizzes and premidterm class assignments as inputs. Midterm examination scores were added
for the second analysis. Correlations of the clusters to �nal examination score were analyzed with chi-squared
tests. The statistical analysis was performed using SPSS ver. 23, with p < 0.05 considered as statistically
signi�cant.

Results
A total of 154 students enrolled in the course and were included in the analysis. Almost all of the students were
female (146). The students consisted of 108 new enrollments and 46 retakers. Even though the tests were not
used for grading, most of the students took the pretest and posttest. Only 15 students (9.7%) did not take the
pretest or posttest or both. Most of the posttest scores were higher than the pretest scores, with only 11 students
who got lower posttest scores. The average of posttest scores for the whole class (75.81 ± 26.8) was signi�cantly
higher than the pretest score (31.56 ± 8.40; p < 0.001).
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Table 2
Mean difference of scores obtained throughout the course in low, middle and high achieving groups.

  Low (n = 54) Middle (n = 
52)

High (n = 48) p value

Score of Pretest (n = 48, 48,46)a 29.24 ± 8.32 32.71 ± 7.74 33.12 ± 8.60 0.044c

Score of Posttest (n = 50, 50, 45)a 67.60 ± 
29.78

72.20 ± 25.32 85.04 ± 
22.37

< 
0.001d

Posttest - pretest (n = 47, 48, 44)a 40.14 ± 
29.13

41.46 ± 26.98 52.73 ± 
21.82

0.073d

Number of premidterm miniquizzes taken (max
4)

3.69 ± 0.82 3.88 ± 0.47 4.00 ± 0.00 0.010d

Number of postmidterm miniquizzes taken (max
6)

5.17 ± 1.49 5.63 ± 0.66 5.81 ± 0.67 0.011d

% student took all mini quizzes 64.81 66.67 79.63 0.001e

Score of pre midterm miniquizzesf 50.68 ± 
18.16

53.46 ± 15.62 59.15 ± 
14.78

0.032c

Score of postmidterm miniquizzesg 53.28 ± 
20.01

63.60 ± 13.84 69.92 ± 
16.38

< 
0.001d

Score of midterm examb 54.49 ± 
12.23

65.96 ± 9.87 74.32 ± 9.92 < 
0.001d

Score of premidterm-class assessmentb,h 61.46 ± 
11.57

66.69 ± 9.13 69.81 ± 7.84 < 
0.001d

Score of postmidterm-class assessmentb,i 51.85 ± 
14.76

62.04 ± 9.22 67.93 ± 
13.58

< 
0.001d

Score of group assignmentb 75.71 ± 4.42 77.87 ± 5.40 79.18 ± 4.68 0.002c

Means of �nal score were 39.41 ± 6.66, 54.39 ± 3.85, 71.39 ± 6.64 in low, middle and high achieving group,
respectively. a n for low, middle and high achieving group. bscore used for grading c Anova d Kruskal-Wallis e

Chi-squared fno difference between group for each quizzes ghigh achieving students had higher score in 4 out
of 6 quizzes h high achieving students scores were higher in 2 out of 6 assessments ihigh achieving students
had higher scores in all 6 assessments; max, maximum.

Based on the �nal examination scores, the students were divided into three groups, i.e. low (mean �nal exam
score 39.41 ± 6.66), middle (54.39 ± 3.85) and high (71.39 ± 6.64) achieving groups. The means of the other
scores obtained during the program are presented in Table 2. High achieving students got the highest scores in all
of the assessments, including the tests that were not used as grading components, i.e., pretest, posttest and
miniquizzes. The mean increase in posttest scores from the pretest was higher in the high achieving group (52.73 
± 21.83) compared to the other two groups, i.e., middle achieving group (41.46 ± 26.98) and low achieving group
(40.14 ± 29.13), but the difference was not signi�cant statistically (p = 0.073).

The miniquizzes were provided several days before the lectures and the scores were not used for grading. Results
showed that the number of quizzes taken and their scores were lower in the low achieving group (Table 2). More
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students took all miniquizzes in the high achieving group (79.63%) than the percentage in the middle (66.67%)
and lower (64.81%) achieving students.

Table 3
Predictors for midterm exam score

  Adjusted R square B 95% CI p value

univariate        

pretest 0.008 0.202 -0.067-0.472 0.140

premidterm miniquizzes 0.026 4.278 0.555–8.002 0.025

premidterm class assessment 0.158 0.531 0.339–0.724 < 0.001

multivariate        

Model 1 0.153     < 0.001

premidterm miniquizzes   0.158 -3.696-4.013 0.935

premidterm class assessment   0.527 0.313–0.742 < 0.001

Model 2 0.133     < 0.001

pretest   0.16 -0.095-0.415 0.216

premidterm miniquizzes   2.047 -3.116-7.210 0.434

premidterm class assessment   0.497 0.266–0.727 < 0.001

Table 4
Univariate analysis for predictors of the �nal exam score

  beta 95%CI p value

Univariate

Midterm

0.702 0.575–0.830 < 0.001

Postmidterm class assessment 0.476 0.336–0.616 < 0.001

Premidterm class assessment 0.425 0.257–0.593 < 0.001

Postmidterm miniquizzes 0.347 0.234–0.459 < 0.001

Premidterm miniquizzes 0.325 0.101–0.549 0.005

Group assignment 0.719 0.279–1.159 0.002

Posttest 0.158 0.075–0.241 < 0.001

Pretest 0.019 0.003–0.035 0.023

Post-pretest gap 0.121 0.007–0.034 0.007

Table 5. Stepwise multivariate analysis of predictors for final examination
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 Midterm
examination

Post midterm class
assignment

Post midterm mini
quizzes

Group
assignment

Posttest

Model 1            
Adjusted
R2 0.491      
B  0.596 0.265    
95%CI  0.465-0.726 0.141-0.387    
p value <0.001 <0.001 <0.001    
       
Model 2       
Adjusted
R2 0.507      
B  0.582 0.226 1.922   
95%CI  0.453-0.711 0.102-0.351 0.335-3.508   
p value <0.001 <0.001 <0.001 0.018   
       
Model 3       
Adjusted
R2 0.529      
B  0.523 0.209 0.151 0.332  
95%CI  0.391-0.652 0.087-0.330 0.056-0.245 0.014-0.650  
p value <0.001 <0.001 0.001 0.001 0.041  
       
Model 4       
Adjusted
R2 0.542      
B  0.541 0.197 0.128 0.382 0.006

95%CI  0.409-0.674 0.074-0.320 0.022-0.235 0.055-0.708
-0.062-
0.074

p value <0.001 <0.001 0.002 0.019 0.022 0.865
             

The univariate and multivariate analyses of predictors of midterm examination scores are presented in Table 3.
Results showed that the pretest scores did not signi�cantly predict the midterm exam scores (B 0.202; 95%CI:
-0.067-0.472; p = 0.140). As an early progress indicator, pre-midterm class assignment was a signi�cant predictor
of the midterm exam score (B 0.450; 95%CI: 0.295–0.605; p = < 0.001).

Results from the univariate analysis of the predictors of the �nal exam score are shown in Table 4. All scores
were positively correlated with the �nal examination score (p < 0.05). The midterm exam score was the main
single predictor of the �nal exam score in the multivariate analysis, contributing signi�cantly to the four models
shown in Table 5. Postmidterm class assessment added in model 1 (adjusted R squared 0.491, p < 0.001),
postmidterm miniquizzes added in model 2 and group assignment added in model 3 contributed to the �nal
exam score prediction. Midterm exam score and all scores obtained after the midterm (postmidterm class
assignment; group assignment, postmidterm miniquizzes and posttest) contributed in the best model (model 4,
adjusted R squared 0.542, p < 0.001). Although not used in the �nal grading, the contribution of postmidterm
miniquizzes was signi�cant in the prediction model.

Two-step cluster analysis using premidterm scores, i.e. pretest, premidterm miniquizzes and premidterm class
assessments as inputs, revealed four clusters with fair cluster quality and ratio of sizes of 2.14. Only 142
students were included in this analysis because 12 students had incomplete data. The number of students in
each cluster from low to high achievers were 38, 45, 21, and 38, respectively. Adding midterm examination scores
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determined 2 clusters with a better ratio of sizes of 1.15 (76 students in the high achieving cluster and 66 in the
low achieving cluster). Figure 1 shows the correlations of �nal examination achievement (low, middle and high)
with the four clusters of premidterm scores (Fig. 1A; chi-squared 21.64, df 6, p value 0.001) and midterm-
premidterm scores (Fig. 1B; chi-squared 29.23, df 2, p value < 0.001). Based on their �nal examination scores, only
25% of students in the low achieving group were identi�ed using premidterm score clustering. In comparison, 75%
of the low achieving students were identi�ed using midterm-premidterm clustering.

Discussion
In this study, the overall progress of students’ knowledge throughout the course is re�ected in the improved
pretest-posttest scores. However, the single group pretest posttest design has several limitations as reviewed
recently [8]. Although the pretest score was not a signi�cant predictor of the midterm test score, the pretest is the
earliest test taken by the newly enrolled students. The questions in the pretest encompass all of the pre and post
midterm topics, but the correlation of the pretest score with the midterm and �nal exam score is low. Entrance
exam scores are additional pre-course data that have been shown to be a strong predictor of students’
achievement [9]. However, not every course coordinator has access to the entrance scores and they may not be
equally related to student achievement in various speci�c courses. Providing the pretest with similar types of
questions used in the later examinations also can give students an overview to the subject material and provide
some details of the knowledge that should be gained and will be tested during the course.

Two-step cluster analysis is useful for predicting student achievement [10]. Detection of low achieving students
as early as possible is important but can be challenging. Using premidterm scores, the students are divided into
four clusters and the low achievers are distributed almost equally to the three groups based on �nal examination
score. Therefore, the four clusters are not useful for prediction and subsequent intervention. Adding the midterm
examination score to the premidterm scores revealed two clusters that predict the �nal examination result more
accurately. At the time of the midterm, 34% of the overall scores were already obtained but the other 66% could
still be improved after the midterm.

Ideally, the identi�cation of low achieving students should be followed by an appropriate intervention [11]. By
nature, the middle achieving students may have more probability to improve by proper interventions [12]. The
challenge for the lecturers is in providing timely interventions that are equally encouraging for all students. The
use of information technology has been reported to be advantageous and can enrich students’ understanding
[13]. In online courses, the use of videos is an interesting method for content delivery and may improve students’
understanding [14]. However, low achieving students may need more direct face to face explanations from the
lecturer [15].

In this course, the study material accompanied by miniquizzes are provided several days before the online
meeting. Providing the material earlier may give low achieving students more opportunity to self-adjust to the
schedule of their learning activities [16]. Additionally, improving the study material into a better guided learning
resource may improve basic science learning for under privileged students as reported by a previous review [17].
Data on the student access to the videos and provided materials can be obtained from the learning management
system. However, many students prefer to download the video and learning material making it di�cult to track
the frequency that the materials are used. Although not part of the grading components, the strong contribution
of miniquizzes in determining examination scores may re�ect the individual students’ resources such as time and
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speed to access the Internet and their level of motivation. The tasks or questions in the miniquizzes are varied
and the students’ answers are discussed during the online meetings to increase their motivation. Allowing
multiple access to the learning materials and providing the miniquizzes earlier can provide more time and
opportunity for low achieving students to take more quizzes and bene�t more from the learning process.

The project assignment in small groups also provides a signi�cant contribution to the learning process. In this
course, the students create a video, poster or crossword puzzle with an assigned topic related to the lectures.
Providing a platform for communicating with other students is crucial in distant learning. Other possible
assignments as peer-learning activities may be considered [18].

Class assessment for some topics can be replaced by after class assignments, since they give more time for low
achieving students to learn. In this way, low achieving students will have opportunity to communicate with other
students. Moreover, using a variety of assignment types is reported to increase student enthusiasm and make the
learning process more enriching and exciting [19]. The feedback from our students con�rmed the e�cacy of this
approach. Class assessment contributes signi�cantly to student achievement in the examinations, probably by
acting as a stimulus for more active learning through increasing the students’ motivation and retention [20].
However, class assessments may add some stress for the low achieving students that could be counter-
productive.

As the online course begin at the beginning of the unexpected global pandemi, many students are experiencing
online learning for the �rst time. Being unfamiliar with online learning may add to students anxiety. Student
anxiety especially in learning basic bioscience is suggested to be problematic by a previous study [21]. Anxiety
may induce maladaptive coping mechanisms such as avoidance and isolation [22] that are more di�cult to
detect in an online course.

Exposure to similar types of questions may give some advantage to the students because the learning strategy
needs to be adjusted to the type of questions provided in the examination. Limited familiarity with the MCQs used
in the midterm and �nal examinations could become an obstacle for middle and low achieving students.
Providing a bank of questions accessible to the student throughout the course as part of the learning process
may give the students more opportunity to practice in taking examinations [23]. However, the method requires
more effort from the lecturers in authoring the MCQs. Other than the pretest and posttest, students usually have
access to a similar set of MCQs used in the course examinations of the previous batch from senior students. The
lecturers are aware of this phenomenon and need to create new set of questions for every batch. Whether the �rst
year students during online courses in the pandemic era obtain course information from their seniors is an
interesting subject to be investigated.

Cheating is another issue to consider in every assessment [24], especially in online courses. We supervise the
midterm and �nal examinations, but not the class assessments. Judging from their answers and scores, we trust
our students' honesty is upright based on professionalism and an ‘honor system’. Encouraging student integrity is
also an important part of an educator’s task and we always deliver this message to the students. Nevertheless,
further study needs to be done on this subject, particularly related to issues concerning plagiarism.

One limitation of this study is the scores of the students who are retakers of the course were not separately
presented. These students have the advantage of being exposed to the course content previously. However, apart
from the students with low grades who are obliged to retake the course, some of the retakers are middle achieving
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students that want to improve their grade. Another limitation is the lack of data concerning the learning strategy
based on student motivation, concentration, learning resources, anxiety, and environment at home. The learning
strategy is another factor that can in�uence students' achievement [12]. Recent research showed online learning
behavior [9] and social networking in online collaborative learning [25] also contribute to student performance.
Because motivation and engagement differ majorly between the high achieving students and the low achieving
students [26], increasing their motivation and engagement can be a signi�cant factor to improve outcomes. Also,
this course is delivered in the �rst semester, when the new students have to adapt to the higher education
environment which may become an additional burden for some of them [27]. Although in online courses,
homesickness may not be a problem, time management and socializing with lecturers and other students may
become more challenging. Obtaining those data is another challenge in research concerning online education.
Due to the speci�c context of this course offering in the medical professions program, the �ndings in this study
may not be extrapolated and generalized to other programs.

One way to increase student motivation is by giving assignments early in the course about the relevancy and the
bene�ts of the course topics to the student daily experiences [3]. This kind of intervention conveys the
signi�cance of the course topic and, thus, can stimulate greater interest in particular topics. Gami�cation of in-
class activities is also valuable in encouraging student motivation [28]. However, the effect of gami�cation on
learning depends on the design and di�culty level of the game or quiz [29]. Providing students information about
their current grade in the course can also be an effective tool to increase motivation [30, 31]. Table 6 lists some
possible interventions that may bene�t low and middle achieving students. In general, the modi�cations of the
program can provide more time for low and middle achieving students to learn the study material and the
opportunity to challenge themselves by taking a quiz or test in multiple attempts. The availability of supplemental
resources should be considered in selecting appropriate interventions.
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Table 6
Interventions that may bene�t low and middle achieving students

Activities in this course possible modi�cation / intervention

Availability of
learning material
(text, video)

2–4 days before the
schedule

at the beginning of the course, more examples on
daily application

Mini-quizzes single trial, days before
online meeting

enable multiple trials, available at the beginning of
the course

Online meeting

Class assessments

emphasizing on question
and answer session

single trial, during the
online meeting or after
class assignment

additional explanation on selected topic

several trials with mark points deducted in second
trial and so on while maintaining the variability of the
task

Group assignment after midterm, feedback
delivery still can be
improved

early group formation starting after second meeting,
regrouping may be considered after midterm, high
quality feedback

Points earning not all scores revealed
immediately to the
students

students may monitor their own points at any stage
of the course

Familiarity with the
questions used in
examination

pretest and posttest, one
trial each

additional questions for practice, with multiple trial
enabled setting

Special attention to
the low achieving
students

minimal, during online
meeting or via social
media

scheduled some encouraging personal messages

In conclusion, we analyzed and identi�ed several predictors of the midterm and �nal examination scores in an
online Cell Biology course for our undergraduate health nutrition program. We discussed several possibilities of
using the results of this analysis for redesigning and improving our online courses, especially to assist low and
middle achieving students.
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Figures

Figure 1
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Histogram of Two-step cluster analysis and subsequent chi-squared analysis for 142 students. The numbers
shown in the �gures were the percentages of the students within the group. A. Correlation of clusters of students
based on premidterm scores (4 clusters) with �nal examination score (3 groups i.e., low, middle, and high).
Pearson’s chi-squared 21.64, df 6, p value 0.001. B. Correlation of clusters of students based on midterm-
premidterm scores (2 clusters) with �nal examination score. Pearson’s chi-squared 29.23, df 2, p value <0.001.


