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Abstract. This paper reports the results of an investigation of assessment strate-
gies for student learning, engagement, and retention of an undergraduate year 1 
module in the Computing Science discipline at the University of East Anglia, 
UK.  In this study, three different assessment methods were considered, one for 
each year, over a three-year period (2020-21 to 2022-23). The study period coin-
cided with the COVID pandemic where the cohorts had their secondary school 
learning disrupted one way or another, prior to embarking on their university ca-
reer.   The assessment methods investigated did not cover all of the learning ob-
jectives, however the learning objectives assessed were comparable with one an-
other. The results show that the presentation and in-class test assessment methods 
achieved normal distributions of marks, while the marks for the practice-based 
portfolio assessment were negatively skewed, suggesting the nature of the assess-
ment requires more balancing tasks. Further, student attendance and submission 
rate were found to have been influenced by the assessment type students had to 
undertake. Cohorts who undertook the practice-based portfolio assessment had 
better student engagement and submission rate, at 73% and 91.92% respectively. 
Finally, learning disruption caused by the COVID pandemic was found to be 
correlated with student retention, where cohorts whose grades were determined 
solely by their teacher prior to attending university had a 24% higher chance of 
withdrawing from the course or transferring to a different course compared to 
those whose grades were determined by exams. 
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I. Introduction 

Student intakes for the Computing Science discipline have increased steadily in recent 
years due to industry demands for good computing skills. The trend is largely driven 
by the advancement of computers and digital technologies, coupled with pervasively 
available and increasingly reliable global network connectivity, paving new ways for 
modern data acquisition in many sectors. Ultimately the trend leads to the rise of Arti-
ficial Intelligence, pushed by companies in the high-tech sector, creating the perfect 
timing for the discipline to take the centre stage of this digital phenomenon.  Many 



 

universities, particularly in the UK, have experienced a surge in demand for places in 
Undergraduate admission in this discipline.  

It seems that a long time has passed since the world recovered from the COVID-19 
(COVID) pandemic even though the disease is still here with us. During the pandemic, 
like in other sectors, education had been severely disrupted in the UK, with classes 
either cancelled or moved online. The disruption had led to crucial exams for schools 
being cancelled for two consecutive years whilst the UK government employed strate-
gies to determine the pupils’ grades instead. For example, in the early days of the pan-
demic (academic year 2019-20), a strategy that saw the pupils’ grades determined by 
their teachers and moderated by an algorithm was used.  While the use of an algorithm 
was designed to reflect upon the grades more accurately, it introduced unwanted bias 
for pupils in certain demographics, leading to non-satisfactory results. Consequently, a 
different strategy was needed the following year (academic year 2020-21), which saw 
the pupils’ grades determined only by their teachers. Learning disruption eased off 
when the pandemic was under control in 2022, which saw crucial exams resuming in 
the same year. However, given pupils all had their learning negatively affected by the 
pandemic, a different strategy was needed to gently ease them back to the “normal” 
education system. This meant that year, additional information about the content of the 
exams were supplied to teachers and pupils in advance to help them prepare. Learning 
disruption caused by COVID brought huge challenges to the higher education system 
in the UK simply because it relies on exam grades to evaluate the suitability of students.  

The paper presents the results of an investigation of three assessment methods. The 
study was carried out on a Year 1 computing module with a large cohort of students, 
spanning a three-year period (2020-21 to 2022-23). The cohort consisted of students 
taking courses on computing pathways and from other schools within the faculty. Entry 
grades were the same for all students in the entire study period. This means all students 
obtained the entry grades needed to secure a place in their respective course, but how 
their grades were determined was very different from year to year, as explained earlier.  
The study explored three assessment methods, one for each year. Weekly teaching was 
delivered via lectures and laboratory sessions. However, the mode of delivery for each 
cohort was adjusted according to COVID restrictions at that time. For example, online 
learning for the 2020-21 cohort (because of the lockdown), a hybrid mode of learning 
for the 2021-22 cohort (due to COVID restrictions such as number of people allowed 
to be in a room), and in-person learning for the 2022-23 cohort (all restrictions lifted). 

The paper is structured as follows: Section II describes background information, as-
sessment strategies and pedagogy, Section III discusses results, student engagement 
and retention, and Section IV concludes the work. 

II. Background and Pedagogy 

The module concerned is a core year 1 module for BSc Computing Science at the Uni-
versity of East Anglia, UK. It is also an optional module for other courses within the 
Faculty of Science.   The student cohorts in this investigation period were: 2020-2021 
- 232 students, 2021-2022 - 193 students, and 2022-2023 - 223 students (Table 1). 



 

The module is about Web Programming, a complex concept. This means, at a mini-
mum, the learning involves mastering different types of techniques from different 
scripting or declarative languages, each having its own syntax and usage.  It also in-
volves the learning and understanding of the Internet, data communication methods and 
the use of other technologies / tools (e.g. a browser or console) for viewing program-
ming results. The module is a semester-based module, running for 12 weeks.  

Table 1. Assessment method used for each cohort. 

Cohort Size Assessment Learning Mode 
2020-21 232 Portfolio Online 
2021-22 193 Presentation Hybrid 
2022-23 223 In-Class Test In-Person 

 
Robins et al [9] examined multiple programming pedagogy for new learners, includ-

ing the use of pair-programming and visualisation tools. In a review [10] they suggested 
that for delivering effective learning, simply illustrating the concepts is insufficient. 
Effort should be spent on teaching the process of programming instead. One of the 
effective leaning strategies is to adopt “trial and error” approach using scaffolding [13] 
or live coding [11]. Scaffolding is a teaching strategy where support is provided to stu-
dents initially to guide them solving problem. However, this support should be gradu-
ally removed as students gain more experience and knowledge to encourage independ-
ent learning. Live coding is an effective teaching method where coding techniques and 
solutions are demonstrated “live” together with the students to enhance their under-
standing.  Here, for this study, multiple strategies were adopted in the teaching delivery. 
For example, the module teaching plan included a series of lectures illustrating the con-
cepts and teaching the process of programming using a combination of talks, short vid-
eos, and live coding. This was followed by hands-on practical sessions where full sup-
port was provided to guide the students for a duration of six weeks. The full support 
would then be replaced by partial support until the end of term. Table 1 above shows 
the assessment methods used for each of the cohort. 

A. Assessment Strategies 

Over the past few decades various assessment strategies have been developed [6][8] to 
facilitate active learning as an alternative to conventional assessment methods such as 
exams or essays. This could be seen as a direct result of several critiques arguing against 
the over-reliance on conventional assessment methods. The arguments were centred 
round the rigidity and inflexibility of such assessment methods, making it unsuitable 
for certain learning, or worse, causing anxiety to students due to the absence of instru-
ments to promote their mental well-being [1][4][9].  In addition, conventional assess-
ment methods were often perceived as a measure of ability to gather facts or details and 
present the information in a clear and concise way [8]; it does not require students to 
channel their efforts into trying to understand the material that they study [12]. Further, 



 

it has been well-documented that students adopt either surface-level or deep-level ap-
proach for their study [3][4][7][16]. Their decision, by and large, is influenced by the 
types of assessment they had to undertake [2][14]. Although students expressed posi-
tive attitudes towards multiple-choice assessments [16], these assessments are found to 
have encouraged surface-level approach to learning, to which it does not help students 
to retain their knowledge in the long-term [8].  This study employed two alternative 
assessment methods – practice-based portfolios and oral presentations, along with a 
time-constrained in-class test.  

 
B. Study Design and Procedure 

The primary goal of this study is to investigate which assessment method is effective 
and efficient against student learning, engagement, and retention. Given the cohorts 
investigated all had their secondary school learning disrupted by the COVID pandemic, 
the study seeks to explore the impact on learning, engagement and retention as well. 
Three assessment methods were selected to be evaluated in this study (Table 1): 
1. A Practice-based Portfolio 

The portfolio assessment was perceived as being an assessment tool helping stu-
dents to learn better and retain information longer, thus a preferred choice of alter-
native assessment for students [15]. This can be attributed to the fact that the port-
folio assessment requires students to work with the material over an extended pe-
riod of time. Slater [15] suggested that by having students continuingly working 
with the material, the portfolio encourages students to think about the concepts 
creatively and apply them in a variety of ways. Moreover, students also have been 
found to have enjoyed the time they spent on creating portfolios, which was said 
to be a rewarding and meaningful experience for them [15]. For this study, the 
2020-21 cohort took this assessment.  A practice-based portfolio was carefully de-
signed and aligned with weekly learning objectives. A clear marking scheme was 
developed in the process. The portfolio contained five weekly lab coding exercises 
linked to the topic covered for that week. For example, HTML was covered in 
week 1, students were required to complete the HTML coding exercises that week 
and so on. Each coding exercise had a difficulty level ranging from super easy, 
moderate easy, to difficult (require more effort). Online teaching was used due to 
COVID lockdown restrictions at the time.  Students were required to work indi-
vidually to complete the portfolio. The assessment was due mid-term. 

2. An Oral Presentation Assignment 
Clear assessment criteria and standards can help students to understand what is 
expected of them and to set goals for their own learning [5]. For this study, the 
2021-22 cohort took this assessment. An oral presentation assignment was care-
fully developed and aligned with weekly learning objectives. Based on a specific 
scenario, the assignment evaluated five weeks of learning outcomes where students 
were required to design and code a web user interface and present their solution 
orally.  Each student was given 10 minutes to present their solution. The assign-
ment goals, which students should aim to achieve, were clearly highlighted in the 
assignment brief. A grid of marking criteria was also developed and provided in 



 

the brief where students could easily refer to. Hybrid teaching was used - online 
(lectures) and in-person (laboratory sessions) due to COVID restrictions at that 
time.   Students were required to work individually for this assessment. The assess-
ment was completed mid-term. 

3. A Time-Constrained In-Class Test 
The time-constrained in-class test can be considered as one of the conventional 
assessment methods. A study [13] found that students preferred multiple-choice 
tests over essay writing. This preference was said to have been drawn by the per-
ception of such tests being easier to prepare for, easier to take, and may produce 
higher relative scores. However, the study also found that multiple-choice tests 
only encourage students to adopt surface-level approach to learning [8]. For this 
study, the 2022-23 cohort took this assessment. A set of online summative and 
formative in-class tests were carefully designed and developed to cover weekly 
learning objectives. Upon reflecting on the literature findings, both summative and 
formative in-class tests included a combination of question types, including multi-
ple-choice, “fill in the blanks”, and “short answer” types of questions. A marking 
scheme and feedback mechanism were developed and implemented in an online 
system in such a way that marking could be done automatically by the system. In-
person teaching was used due to COVID restrictions having been lifted. Students 
were required to work individually for this assessment. The summative test was 
scheduled to be taken outside the teaching semester, but students were provided 
with weekly formative tests to help them to prepare.  

III. Results and Discussions 

The results of each year are presented in this section along with discussions. Non-sub-
mission cases are excluded in these results but are discussed in Student Engagement 
section. 

 
A. Results 

§ Cohort 2020-21 – Practice-based Portfolio 
206 out of 232 students (88.79%) undertook this assessment. The average mark is 79.01 
(STD=15.437, N=206), Fig. 1. 
With an average mark of 79.01 (Fig. 1), the result shows that a lot of students did 
exceptionally well for this assessment while some did not. For those who had sub-
mitted, 1% (sum=2) of the students failed this assessment (pass mark=40). Further 
test for Normality were conducted using SPSS. 



 

 
 

Fig. 1. The mark distribution for cohort 2020-21   
 

    Given the sample size of this cohort is not large, Shapiro-Wilk test was 
performed with a confidence interval set at 95%. The results showed the dis-
tribution of marks significantly departed from normality (W = 0.922, p < 0.01) 
(Fig. 2).  This can be also observed from the histogram that the data are far 
from normally distributed (Fig. 1). 

 
Shapiro-Wilk Test 

  
Statistic W df Sig. 

mark .922 206 <.001 
 

Fig. 2. Test of Normality for cohort 2020-21 
 
 

§ Cohort 2021-22 – Oral Presentation 
165 out of 193 students (85.49%) undertook this assessment. The average mark is 
64.01 (STD=11.432, N=165), Fig. 3. 
 

 
Fig. 3. The mark distribution for cohort 2021-22  

 
A minimum mark of 40 and maximum mark of 95 was observed (Fig. 3). 

Further test for Normality were conducted using SPSS. Again, given the sam-
ple size of this cohort is small, Shapiro-Wilk test was performed with a confi-
dence interval set at 95%. Here, again, the results show evidence of marks in 



 

non-normality distribution (W = 0.986, p > 0.05) (Fig. 4).  Based on these 
results and after visual examination of the histogram (Fig. 3), the mean with 
standard deviation were used to summarise the data.  For those who had sub-
mitted none failed this assessment (pass mark=40). 

 
Shapiro-Wilk Test 

  
Statistic W df Sig. 

Mark .986 165 .099 
 
    Fig. 4. Test of Normality for cohort 2021-22  

 
§ Cohort 2022-23 – Time-Constrained In-Class Test 

205 out of 223 students (91.92%) undertook this assessment. The average mark is 
61.96 (STD=13.67, N=205), Fig. 5. 
 

 
Fig. 5. The results for cohort 2022-23 

 
A minimum mark of 29.4 and maximum mark of 92.04 were observed (Fig. 5). 

Further test for Normality were conducted using SPSS. Given the sample size 
of this cohort is also small, Shapiro-Wilk test was performed with a confidence 
interval set at 95%. Again, the results show evidence of data in non-normality 
distribution (W = 0.981, p > 0.05) (Fig. 6).  Based on these results and after 
visual examination of the histogram (Fig. 5), the mean with standard deviation 
were used to summarise the data.  For those who took the test, 8% (sum=16) failed 
this assessment (pass mark=40). 

 
Shapiro-Wilk Test 

  
Statistic W df Sig. 

Mark .981 205 .073 
 

Fig. 6. Test of Normality for cohort 2022-23 



 

From the results it can be observed that while the minimum mark for the first 
cohort is the lowest (min=12), this cohort is the only cohort that achieved the highest 
possible maximum mark (max=100).  To examine the data further, a Quartile Index 
(QI) for each cohort was generated, shown in Table 2. From the QI, it has been observed 
that the first cohort did exceptionally well in the practice-based portfolio assessment, 
with quartile indexes of 72.5, 79, 92.5 and 100. 28.49% of students’ scores were less 
than 72.5, while large majority (71.51%) of students’ scores were above 72.5 (Fig.7).  
The disparity between extremely high and low marks could be attributed to the nature 
of the assessment where tasks were mostly descriptive even for some of the more chal-
lenging questions. In addition, feedback students received during laboratory sessions 
had helped them complete the tasks and getting high scores. The difference between 
each QI for the remaining two cohorts is between 2 to 5 and the indexes lie within the 
expected range. The 2021-22 cohort has roughly an equal distribution of marks for each 
quartile, 26.24% of students’ scores were below 58, 22.70% students’ scores were be-
tween 58 and 64, and 51.06% of students’ scores were above 71(Fig. 7), a 20.45% drop 
in marks greater than 71 compared with the previous cohort. The results could be at-
tributed to the nature of the presentation assessment, which required students to apply 
the knowledge they gained and present their solution orally. This cohort had the highest 
non-submission rate which is discussed in Student Engagement section (III.2). It has 
been observed that the number of students scoring above 72 had dropped further for the 
2022-23 cohort with 49.5% of students’ scores were above 72.24 (22% drop compared 
with the first cohort). 25.5% of students’ scores were between 63.24 and 72.24, and 
25% scored below 63.24 (Fig.7). These results were expected given the nature of the 
assessment (a hybrid form of conventional assessment method), which was time-based 
and closed-book test. 

 
B. Student Engagement 

Student Engagement (SE) is an ambiguous term, which often entails confusion with 
people having different views and understanding about the meaning and what should 
be involved. Thus, SE can have different meanings depending on the stakeholder. For 
this study,  the following simple metrics were used to measure and evaluate SE:   
 

1. Were the students attending their classes regularly? 
2. What is the submission rate?  
3. Have the students passed the module?  
4. Did the students score well? 

 

Table 2. Quartile Index 

Cohort Min Q1 Q2 Q3 Max 
2020-21 12 72.5 79 92.5 100 
2021-22 40 58 64 71 95 
2022-23 29.4 52.12 63.24 72.24 92.04 



 

 

 
Fig. 7. Percentage of students in each quartile 

 
The assumption here is that if the curriculum (pedagogy) was designed well and 

delivered smoothly, then in theory, students would have very few reasons not to attend 
their classes and learn. For clarity, Extenuation Circumstances and self-study time are 
excluded in this study.   

An investigation into SE covering the same three-year period for the same module 
was conducted. To answer question (1), a digital QR recording system was used weekly 
to capture Student Attendance. Given the module is a hands-on module, the focus is on 
laboratory attendance. Laboratory attendance data for all three cohorts was collected 
from the university IT system. An Average Attendance Rate (AAR) was calculated for 
each year, shows in Table 3.  It has been observed that all cohorts had an AAR over 
60%. More than two third of the students of first and last cohorts (AAR=73%) attended 
their lab sessions fairly regularly. This result is quite interesting as the delivery for 
2020-21 cohort was online due to COVID lockdown that year, while for 2022-23 co-
hort, the delivery was in-person as COVID restrictions had been lifted. These two co-
horts were also required to complete their weekly practice-based laboratory exercises 
as part of their summative assessment, which may have contributed to high attendance 
rates. For the 2021-22 cohort, although students were encouraged to complete their 
weekly laboratory exercises, they were assessed on a separate assignment via an oral 
presentation.  This could be the reason why the attendance for this cohort was compar-
atively poor since students might be adopting a surface-level approach to learning, fo-
cusing on the summative oral presentation, and losing sight of formative learning. The 
last cohort (2022-23) was encouraged to take their weekly formative tests at a time that 
suited them but still maintained an excellent AAR. This is due to the fact that, like the 
first cohort, this cohort were required to complete their weekly practice-based labora-
tory exercises as part of their second group-based assignment, which is not reported in 
this paper. The AAR rates suggest that practice-based laboratory exercises accumulated 
to summative assessment had a large influence over student attendance and learning, 
evident in the student performance presented in Results section above. 



 

Table 3. Student Attendance Rate 

Cohort Teaching Mode AAR Method 
2020-21 Online only 73% Portfolio 
2021-22 Hybrid 61% Presentation 
2022-23 In-Person      73% In-Class Test 

 
To answer question (2), cohort data was gathered and compared with submission 

records, shown in Table 4. The Submission Rate (SR) is calculated based on the number 
of students who submitted the assignment for this study. The results show that the co-
hort who took the time-constrained in-class test assessment had the best submission 
rate at 91.92%, followed by the cohort who undertook the practice-based portfolio at 
88.79%, followed by the cohort who undertook the presentation at 85.49%. Cohorts 
that had a non-submission rate greater than 10% was a cause of concern. This is dis-
cussed in Student Retention section (III.3) below.   

Table 4. Submission Rate 

Cohort Size Non-Submission SR 
2020-21 212 11.21% 88.79% 
2021-22 193      14.51% 85.49% 
2022-23 223      8.08% 91.92% 

 

C. Student Retention 

Retention is an area can be used to measure student learning and leading to student 
success. In 2021, 72% of undergraduates in UK universities completed their course, 
which was significantly higher compared to many countries. To understand whether 
COVID learning disruptions have had an influence over the retention of the course, 
further data analysis was carried out. Given the module is year 1 module, the study only 
considered those who either withdrew or transferred out of the course after the first year 
of study. Because of the unprecedented time caused by COVID pandemic, where UK 
national exams had to be cancelled, the data is compared with how the students’ grades 
were determined for that particular year (Table 5). The results suggest that teacher-
assessed grades did have an influence over student retention for first year of study. For 
example, more than 12% of the students in cohort 2020-21, whose grades were deter-
mined by their teacher and moderated by an algorithm, either withdrew from the course 
or transferred to another course after the first year of study. Nearly a quarter (24.6%) 
of the students in the 2021-22 cohort, whose grades were determined solely by their 
teachers, found themselves in similar situations, it is 3-fold higher compare to  2022-
23 cohort. It is acknowledged that there are limitations in this analysis due the size of 
dataset. Further research into this matter would be useful for in-depth insights. Never-
theless, the limited data provides a snapshot on Student Retention directly impacted by 
the COVID pandemic on a course level. 



 

Table 5. Student Retention Rate after first year of study 

Cohort Withdrawn or Transferred Admission Grades 

2020-21 12.8% Exams cancelled. Teacher and algorithm 
assessed 

2021-22 24.6% Exams cancelled. Teacher assessed only. 
2022-23 8.4% Exams resumed. 

IV. Conclusion 

The paper investigated three assessment methods for a year 1 module in an undergrad-
uate Computing Science course at UEA over a three-year period. None of these assess-
ment methods met all the learning outcomes of the module concerned but the learning 
outcomes assessed were comparable with one another. All cohorts had their high school 
learning disrupted by COVID pandemic prior to embarking their university career. The 
study also drew a comparison between the mode of teaching delivery and cohorts learn-
ing, due to COVID restrictions at that time. Further, the study also investigated student 
engagement based on a set of simple metrics. The study found that the oral presentation 
and time-constrained in-class test assessment methods achieved a normal distribution 
of marks while the practice-based portfolio assessment had a negatively skewed mark 
distribution, reviewing a large disparity of marks. This result was mainly attributed to 
the nature of the assessment in question, which was descriptive in nature, and could be 
made to challenge students’ own initiative more. It was acknowledged that support and 
feedback provided had helped with the results. Further, the learning mode (online only) 
caused by the COVID lockdown at that time had an impact on student learning. Stu-
dents who found online learning challenging did not do very well while students who 
managed to cope did the opposite.  The practice-based portfolio accumulating to sum-
mative assessment is found to have a great influence on student attendance and submis-
sion rate. Cohorts who undertook this assessment had the highest attendance and sub-
mission rates, at 73% and 91.92% respectively. The time-constrained in-class test as-
sessment method is found to be most efficient and effective as (1) it encourages a deep-
level approach to learning (as it included not just multiple-choice questions but also 
other question types assessing the application of the concepts), (2) achieves a good 
normal mark distribution reflecting on students’ ability, (3) requires fewer human hours 
for marking (as the majority of the questions can be marked automatically by an online 
system), and (4) leveraging technology, consistent feedback can be provided with min-
imum effort. Student retention is also found to had been influenced by how their sec-
ondary school grades were determined. Students whose grades were determined solely 
by their secondary school teachers had a 24% higher chance to either withdraw or trans-
fer after their first year of study. It has been acknowledged that there are limitations in 
this study due to the size of the dataset. Further research would be needed to provide 
greater insights on the learning impact caused by the COVID pandemic. 
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