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Abstract 
The University of South Africa is a comprehensive Open Distance e-Learning institution with limited 
face-to-face student contact.  Furthermore, a large percentage of the student population is subjected 
to many historical, technological and infrastructural impediments not obvious to a first economy.  For 
such reasons, formative and summative assessment in vocational courses such as computer 
programming is particularly challenging. Drawing on hard-learned experiences we present a case 
study of assessment techniques employed with the intention to firstly improve learning, and secondly 
reliably measure essential theoretical, practical and communication skills of first-year programming 
students.  This paper is qualitative in nature and an auto-ethnographic approach is used. By 
contextualising our assessment techniques in a Problem-based Learning setting, we offer advice to 
the wider e-learning community on how to approach and systemise online assessment in a computer 
programming course.   
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1 INTRODUCTION 
The Synthesis Report on assessment and feedback with technology enhancement [1] reports that high 
quality statistical evidence is available to support the effectiveness of formative assessment coupled 
with directed feedback. This suggests that assessment should thus not merely be for measuring 
student’s ability to perform during assessment, but should also be implemented as part of the learning 
process [2].  When selecting an assessment method the primary goal should be to ensure that the 
objectives or outcomes of the course are assessed effectively.  This approach is in alignment with 
what is generally known as Problem-based learning (PBL). The latter is described by Savery [3] as an 
instructional approach that has been used successfully for over 30 years, and which continues to gain 
acceptance in multiple disciplines. Specifically, it is an instructional (and curricular) learner-centered 
approach that empowers learners to conduct research, integrate theory and practice, and apply 
knowledge and skills to develop a viable solution to a defined problem. 

Against this background, and as noted by van Heerden and van der Merwe [4], the low throughput 
rate of computer programming courses remains a worldwide concern, with many influencing factors 
identified. In presenting a variety of first-year computer programming courses over many years at the 
University of South Africa (Unisa), a low throughput rate has continually pressed the current authors to 
rethink how best to present theory, the application of such theory in practical settings, and how to 
approach assessment. Unisa is a comprehensive ODeL-driven Higher Education Institution (HEI) with 
limited face-to-face student contact, where a large percentage of the student population is subjected to 
many historical, technological and infrastructural impediments not obvious to a first economy. For such 
reasons, formative and summative assessment in vocational courses such as computer programming 
is particularly challenging. 

This paper then reports on an implementation of a PBL which focussed on innovative learning and 
assessment approaches. In particular, we attempt to answer the question how the theory, practical 
and communication skills of programming students in an ODeL environment can be nurtured, and 
assessed for learning in a valid and reliable manner?  Drawing on hard-learned experiences we 
present a case study of assessment techniques employed with the intention to improve reliably 
measuring essential theoretical, practical and communication skills of first-year programming students.  
This paper is largely qualitative in nature with using self-reflection and writing to explore our personal 
experiences.  
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In the next section we present a background to the study. The section thereafter provides the research 
methodology, where after the case of a first-year programming course is systematically presented.   
Concluding remarks are presented in the final section.  

2 BACKGROUND AND LITERATURE REVIEW  
The process of learning how to write programming code, regardless of the programming language 
being studied, comprises of both theoretical and practical knowledge [5].  In order to program 
effectively, it is essential that learners understand various theoretical programming concepts. The 
practical nature of programming unfortunately also means that at times, students may learn how to 
implement practical concepts in a given context, without understanding the underlying concepts. For 
example, a student may source code from the internet that provides the output required in a specific 
context. However, as noted by Brito and De Sá-Soares [6], a student may not be in a position to apply 
the concept in a new context. For this reason, students should be assessed on both their theoretical 
and practical knowledge of the programming language under study. 

To  assist students in determining their understanding of basic concepts, theoretical concepts are 
typically assessed by way of short online quizzes consisting of multiple choice, true and false and 
short answer questions [7].  One probable reason for following such self-regulating approaches is 
provided by Bennett, Dawson, Bearman, Molloy, and Boud [8], who submit that the choice of online 
quizzes as a form of assessment in an online environment is driven by time and money constraints, as 
well as by the ease of creating and administering the quizzes. Clearly, such approaches should not be 
to the detriment of student understanding or academic performance.    

From a practical perspective, students are considered “competent programmers” when they are able 
to demonstrate their ability to design and develop programs in accordance with specific requirements 
as provided by the end-user [9], the latter providing the context. For this reason, PBL is ideally suited 
for assessment of learning in programming courses, since students actively participate, learn by doing, 
implement their learning and solve real or simulated problems [10]. This type of assessment is more 
than a mere evaluation of the students’ knowledge, as it allows the student to demonstrate in practical 
ways that they have mastered the required theory and are able to apply it in a real world scenario [11].  
Project-based teaching, learning and assessment have been and are currently employed by numerous 
residential HEIs as the preferred method of teaching and assessing programming courses ([12]; [13]).  
This is not surprising, as research reports an improvement in the performance of students taking 
programming courses when PBL and assessment approaches are implemented ([14]; [15]). 

A method of assessment that is rarely considered in programming courses is discrete diary-styled 
web-based entries and discussions of or commentaries on work completed.  Weblogs, later shortened 
to blogs, has been used as an assessment tool before. Ramasamy, Valloo, Malathy and Nadan [16], 
for example, used the number of threads and number of replies to gauge student initiative in gaining 
new knowledge, whereas Safran [17], measured learning performance through blog activity, practical 
experience and theoretical knowledge. Both studies recognized the effectiveness of blogging in 
improving student understanding. Van Heerden and van der Merwe [4] investigated the relationship 
between blog participation and the final results.  They concluded that the implementation of knowledge 
blogging in an ODeL environment is particularly well suited to introductory programming courses when 
such blogging demands reflective activities and continued engagement with the course work, and view 
it as a constructive learning tool in a programming environment since it promotes metacognition and 
differentiated instruction by nurturing multiple learning skills. 

In concluding this review of the literature, there are three major considerations to take into account 
when conducting any form of assessment.  Gikandi, Morrow, and Davis [18] identified the fundamental 
issues of assessment as validity, reliability and dishonesty.  They state that validity of assessment, 
especially in an online environment, are categorized by (1) authenticity of assessment activities, (2) 
effective formative feedback, (3) multidimensional perspectives, and (4) learner support.  Reliability 
within the context of online formative assessment can be categorized by (1) opportunities for 
documenting and monitoring evidence of learning, (2) multiple sources of evidence of learning and (3) 
explicit clarity of learning goals and shared meaning of rubrics.  Gikandi, Morrow, and Davis [18] 
states that the issue of dishonesty “…is closely related to the issues of validity and reliability. This 
implies that within the context of online formative assessment, aspects of dishonesty can be 
addressed by enhancing validity and reliability.” 
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3 RESEARCH METHODOLOGY 
Given the mode of investigation, a case study approach, by way of a report about a group that was 
studied, is appropriate. In describing the case, a largely qualitative approach is followed, with auto-
ethnography as the form. Auto-ethnography is a reflexive means by which the researcher-practitioner 
consciously embeds himself or herself amidst theory and practice, and by way of intimate 
autobiographic account, explicates a phenomenon under investigation or intervention [19].  The case 
therefore relied heavily on the first author's personal teaching experience.  

Ethical clearance for the study was received from the relevant board. The limited quantitative evidence 
presented was extracted from the HEI institutional database.  The authors reviewed statistics 
reflecting the uptake of the assessment tools used in the course, as well as marks awarded in the 
formative and summative assessments. Statistical analysis was limited to simple interpretations [20]. 
That is, observations were made by viewing data patterns available, with only one advanced statistical 
procedure implemented.  

4 THE CASE OF THE FIRST-YEAR PROGRAMMING COURSE 

4.1 Background 

4.1.1 Learning Management System available 
As an ODeL institution, Unisa has made a large investment in establishing a comprehensive Learning 
Management System (LMS), known as myUnisa, in an effort to overcome the challenges of providing 
innovative distance learning and support programs to a diverse student body. MyUnisa provides 
several cutting-edge and innovative LMS tools to lecturers and students. Although many historical, 
technological and infrastructural impediments exist, the uptake of tools by lecturers and students have 
increased exponentially, perceived to be the result of cheaper data packages.   

4.1.2 Course objectives 
The course Introduction to Interactive Programming is a first year course forming part of a Diploma in 
Information Technology. On completion of the course, presented over a semester, students are 
expected to show their mastery of fundamental programming principles and web design tools in the 
development of a working solution-specific program develop to the satisfaction of a self-selected 
client.  More specifically, students should be able to: 

• develop a working computer based program, with the knowledge, skills and values needed to 
add interactive functionality to the program through structured object-oriented programming. 

• use logical programming skills to develop an introductory program with JavaScript. 

• extend their knowledge by adding interactivity to websites through object-oriented programming. 

• design and develop programs using industry process systems and organizational information 
systems that conforms to specific standards that are user-friendly and robust, solution specific 
and to the satisfaction of a selected client. 

• think conceptually to recognize the design rules and techniques and components in order to 
develop a solution. 

The above requires students to write code, using the syntax and semantics of the language, check for 
errors, make corrections, and successfully test and execute the programs. 

4.1.3  Assessment practices 
In selecting the assessment methods for the course, the broader aims of the qualification, expected 
skills of the graduating student and the systems and requirements of the HEI were considered.  A 
further consideration was students' general aptitude and capability, as gathered from experience in 
presenting the course over several semesters. 
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As noted, an important outcome of the course is that students must be able to develop a solution 
specific and to the satisfaction of a client.  This implies that the student must be adept in determining 
the client's needs and requirements. The key words for almost all programming languages, as is the 
case here, is written in English. Although comments, variables, user written classes and methods can 
be written in any language, most integrated development environments, compilers and frameworks 
are not geared for languages other than English. Registration data reveals that only 15% of students 
registered for the course listed English as their first language of communication. As with most courses 
across the world, undergraduate studies typically focus on teaching students about various 
technologies and programming languages, providing little to no skills in communicating using 
disciplinary language that requires Information Technology (IT) students to write reports, technical 
materials, user manuals and in general communicate their ideas [21].  For such reasons, assessing 
students’ ability to communicate in the disciplinary language, especially if it is not their mother tongue, 
is critical to the students overall success. 

For the reason that programming courses are known for a high failure rate, the assessment plan, and 
in particular how the formative assessment component is structured, is important. Here several 
formative assessments contributes 49% towards the final mark, with a single summative assessment 
(the formal examination) contributing the remaining 51%.  Diligent students who thus apply 
themselves throughout the semester should theoretically have a better chance of successfully 
completing the course. In accordance with HEI regulations, students must obtain a subminimum of 
40% for their summative assessment before the year mark is taken into consideration. A student 
obtaining less than 40% automatically fails the course, regardless the final mark, should the year mark 
be combined with their examination mark. Since the formative assessments are intended to prepare 
the student for the summative assessment, the significance of good formative knowledge is 
accentuated.  Furthermore, students who receive a final mark in the band 40-49% are awarded a 
supplementary examination. Given historically high failure rates, a large percentage of current 
students are supplementary students.  The assessment plan does not allow for these students to re-
do their formative assignments, with the year mark simply being carried over. It is therefore imperative 
that formative knowledge obtained in a first, but failed effort, stands the student good in a second 
attempt to pass the course. However, all the LMS support systems, such as announcements, 
additional resources, discussion forums and self-assessment tests, are available to these students in 
order to help them prepare for a supplementary examination. 

4.2 Assessment approach 

4.2.1  Self –assessment assignments   
In an attempt to coerce students into studying required theoretical concepts, the SAMigo tool 
(https://confluence.sakaiproject.org/display/SAM/Home), available on the LMS, was employed. 
SAMigo delivers self-assessments to students based on a rich set of settings configured during 
authoring, such as randomized questions and answers, timed assessment with auto submit, high 
security assessments with restricted IP and secondary password, feedback settings, as well as the 
option to automatically send grades to a Gradebook tool. Here, the tool was used to construct a test 
bank for a series of self-assessments made up from a combination of multiple choice, "fill-in-the-
missing-word" and true/false questions.  

A further intrinsic purpose of self-assessments, as noted by Antle & Wise [22],  is to provide lecturers 
and tutors an opportunity to identify students who are not performing as well as they should. As an 
intervention strategy, students who do not participate in the self-assessment or who are under-
performing are contacted and offered dedicated individual assistance. Finally, statistics automatically 
generated by the self-assessment tool is used to identify specific questions students experience 
problems with. Figure 1 provide a screenshot of the tool as available in the LMS. 
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Figure 1. Self-assessments tool. 

The self-assessments were configured to automatically construct 15 random questions from the 
database each time a student attempts a self-assessment for a particular chapter.  The random 15 
questions consisted of 5 multiple choice, 5 true or false and 5 "fill-in-the-missing-word" questions for 
each of the 9 chapters available in the prescribed handbook.  Students are allowed to repeat the self-
assessment for each chapter as many times as they like, but are expected to complete at least 5 
attempts. Feedback for each self-assessment is immediately provided upon submission of the 
answers.  The feedback provided for incorrect answers refers students to the specific page number in 
the prescribed book where the correct answer can be located.  This approach, perceived as learning 
through assessment, forces a revisit to a section of work.  

4.2.2 Multiple choice assignments   
A similar approach was employed for multiple choice assignments. Here 25 questions covering 3 
chapters at a time are randomly generated. Three attempts (or assignments), respectively covering 
chapters 1 - 3, 4 - 6 and 7 - 9, are submitted for marking. As with the self-assessments, the immediate 
feedback when a wrong choice is made references the specific page in the prescribed book where the 
correct answer can be found. Completing these assessments is of great advantage to students, since 
it sources the same question bank that is employed as part of the summative assessment. Students 
are provided with two opportunities to complete a multiple choice assignment per 3 chapters, however, 
the second opportunity contains a new set of questions, thereby expanding the range of knowledge 
tested.  The highest score of the two attempts is used as the assignment result. Following this 
approach, a level of assignment validity and reliability, which cannot be obtained using the formal 
Unisa multiple choice assessment tool, is effected. Moreover, since each assignment is randomly 
generated from the test bank, students cannot duplicate answers sourced from fellow students.  
Because of the immediate feedback students receive, turnaround time is increased. This allows a 
greater number of assessments to be conducted, which in turn supports the student in adhering to the 
study schedule as set out for the semester.  

4.2.3 Blog assignments  
The blog assignments are provided as "fun assignments". Here, students are afforded the opportunity 
to comment on the work they have covered. It is implemented as an on-going activity, which 
commences in the first week of study and continues until the end of the semester.  For the blog 
assignments students are required to maintain a public report on selected chapter work they have 
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studied.  Specifically, they are required to critically reflect on the work they have studied.  Each 
reflection, which covers three chapters at a time, must contain a minimum of 600 words (200 words 
per chapter), which equates more or less to the length of an A4 page. To ensure students do not 
candidly provide a copy-and-paste summary extracted from the prescribed handbook, the student is 
required to compose a personal account of the work covered in the three chapters, to be presented to 
someone not doing the course, like a friend or family member. The lecturer and appointed e-tutors 
review the submitted blogs to gauge student understanding of work reported on, and to comment 
accordingly.  A marking rubric, which is made available to students, is used to award a mark. Since 
reflections are decidedly individual, a high level of validity and reliability is ensured. The latter is 
particularly important in an ODeL environment where assignments submitted cannot always be 
verified as a student's own work. Figure 2 provides an example of a blog entry. 

 
Figure 2. Blog tool entry. 

Furthermore, students are required to comment on a minimum of three other students’ blogs, which 
allow them the opportunity to experience the content from someone else’s point of view and to engage 
with other students (Figure 3).   

 
Figure 3: Blog tool – commenting on a fellow student's blog entry. 

The lecturer for the course also makes use of a blog to inspire students.  Examples of blog entries are 
inspirational images and quotes.  The feedback from students to this tactic are overwhelmingly 
positive (see Figure 4). 

 
Figure 4: Blog tool – commenting on a fellow student's blog. 
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4.2.4 Practical assessment 

In a concurrent level course (Introduction to Web Design), students are required to identify and contact 
a small business in their community with an offer to create for them, free of charge, a HTML-based 
company website. Business owners are required to sign a letter of consent, which must accompany 
the assignment submission. Likewise, students are required to sign a declaration that the work 
produced is their own. Across semesters the application environment is varied. For these reasons, a 
high level of validity and reliability is ensured.  Specific requirements include a minimum of 4 pages, 
for example a home page, products page, contact page etc.  For the current course, the practical 
assignment requires the student to design and implement a specified level of interactivity in the 
website built in the previous course. The logic required must include the following features: at least 
one programmatic function to perform a mathematical calculation based on user input; the use of if, 
if/else, else if or switch statements; exception handling; and validation of user input.  Some of these 
skills required are taught in yet another concurrent level course, namely Introduction to Programming. 
In this manner, three different programming courses are covered in the assessment plan. This 
combination allows the lecturer to align three major components of instruction: learning objectives, 
assessments, and instructional activities. A further advantage of this approach is that students are 
exposed to industry requirements and experiences, which can be useful in future job applications.  

As with the blogs, the lecturers and external markers use a rubric to mark these assignments and to 
provide feedback.  A column is provided in the rubric for students to award themselves section marks, 
the purpose of which is to ensure that students understand exactly what is required. The rubric thus 
serves as a checklist to ensure all the specifications are adhered to.   

Having presented the various assessment approaches followed, we now attempt to evaluate the 
successes and/or failures thereof. 

4.3 Uptake of assessment tools by students and outcomes 
During the second semester of 2016 the total number of students registered for the course was 515, of 
which 73 students were supplementing the course. A total of 497 were admitted to the summative 
examination. In order to gain admittance to the examination, a student must have submitted at least 
one assignment. The final student total for which a final mark was awarded, and which this paper 
reports on, was 431.   

Taking the number of students into account and the recommended number of self-assessment tries 
(5), a total of 24136 self-assessments should theoretically have been completed by all students for 
each of the 9 chapters. Per student, the minimum self-assessments total should be 56, calculated as 
follows:  5 attempts each for chapters of the 9 chapters, i.e. 45 attempts, 5 attempts for the 
examination preparation and a maximum of 2 attempts for each of the 3 assignments i.e. 6 attempts. 

The total attempts was 11459, or 47% of expected number of self-assessment. On average, students 
only completed the self-assessments a total of 26 times. This average, however, is somewhat skewed, 
since further investigation revealed that 31% (3605) of the total self-assessments were completed by 
just 15 (very committed) students. For this reason, we investigated the relationship between self-
assessment attempts and final mark received. The results are presented in Figure 5.  

 
Figure 5: Relationship between multiple-choice self-assessment attempts (y-axis)  

and final mark (x-axis) received. 
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From Figure 5, students who received a final mark of 80-100% attempted the self-assessments an 
average of 36 times, followed by those who received 70-79% 34 times, 60-69% 20 times, 50-59% 10 
times, 40-49%  8 times, and those who received less than 40% (an automatic fail)  6 times. While 
there are many other factors that combine to determine a student's final mark (in particular the 
practical mark achieved and the summative examination mark awarded), a trend is evident i.e. the 
fewer self-assessments were attempted by students, the lower the final mark they received.  

For the blog assessments, the average expected blog posts per student was 13, calculated as follows:  
1 post for introducing themselves, 3 assignment post and 3 comments on other students posts per 
assignment i.e. 9 posts.  

 
Figure 6: Relationship between blog posts (y-axis) and final mark (x-axis) received. 

Investigation into the higher than expected number of blog posts showed that some students blogged 
for individual chapters, rather than posting for the required 3 chapters in one post.  Other students also 
commented more than the required 3 times. This investigation revealed that 40 students contributed 
27 or more blog posts, their total posts (1407) representing 25% of the total (5704) posts recorded. 

Furthermore from figure 6, students who received a final mark between 80-100% had an average of  
20 posts, those between 70-79% 16 posts, 60-69% 20 posts, 50-59% 17 posts, 40-49%  16 posts, and 
those who received less than 40% for the examination (an automatic fail)  11 posts.  Although a slight 
trend is visible, the distribution of the blog posts skews definitive findings.  

The project based assessment contributed 50% towards the students year mark.  As such we would 
have expected a high uptake. Yet the submission rate was a low 50%, which points, for a larger 
percentage of students at least, a disconnect between the self-assessments approach, which aims to 
provide a theoretical foundation, and the practical application of such knowledge. 

Given the results above, a decision was made to generate statistics on students who received less 
than 40% for either the year mark or the exam mark against the number of self-assessments 
completed and blog posts made. The results are presented in Table 1. 

Table 1.  Number of blog posts and self-assessments completed for students with low marks. 

 Blog posts 
 (% of total made) 

Self–assessments  
(% of total completed) 

Year mark < 40% 27% 20% 

Exam mark < 40% 73% 65% 

The results show 73% of blog posts and 65% of self-assessments were made by students who failed 
the examination (and thus failed outright). There against, 27% of blog posts recorded, and 20% of self-
assessments were made by students who received a year mark of less than 40%. Whereas these 
results at first appear to suggest that students who failed the course obtained no benefit from blogging 
or completing self-assessments, the number of students who failed either because of a low exam 
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mark or a combined final mark needs to be considered. Since the semester under study was a 2nd 
attempt at the combined assessment strategy as described in this paper, the pass rate achieved for 
the course was compared to the previous 6 semesters' pass rate where different approaches were 
followed. Disappointingly at first, the semester under study returned the lowest pass percentage of all 
semesters. However, at closer inspection, the larger number of students who have failed will 
necessarily inflate the blog posts and self-assessments completed percentages. For this reason, the 
year mark failure percentages is considered a more accurate representation of the poor pass rate 
achieved. That is, a poor year mark will in all probability result in student being under prepared for the 
examination, which may result in a higher failure rate. At face value, this notion is supported by the low 
blog and self-assessment percentages of 27% and 20% for students who had a year mark of below 
40%. To ensure that this notion is indeed valid, a paired t-test was performed to determine if the year 
mark (multiple choice, blog and practical marks) had a significant effect on the examination mark. The 
mean difference reported (M=19.35, SD=1.065, N=306) was significantly greater than 
zero, t(305)=18.16, two-tail p = 1.762, providing statistical evidence that there was indeed a significant 
effect.  

In summary then, we have to conclude that a failure by most students to adopt the self-assessments, 
multiple choice and blog approaches resulted in lower examination marks as well as the resultant 
lower pass rate reported for the course when compared to previous semesters where these 
approaches were not followed.  

5 CONCLUSIONS 
This paper reported on an implementation of PBL in a first-year programming course which focussed 
on innovative learning and assessment approaches, which had, at its core, a learning component 
imbedded. The purpose was to answer a question on how the theory, practical and communication 
skills of programming students in an ODeL environment can be nurtured and assessed in a valid and 
reliable manner. In offering novel assessment approaches that provided students with multiple 
opportunities for mastering theoretical knowledge en route to applying such knowledge in practice and 
in a summative examination. As always, we ourselves have learned valuable lessons. Firstly, when 
evaluating the outcomes of novel assessment approaches, one should be careful to not view the pass 
rate achieved as the sole indicator of its failure or success. Our results provide enough evidence to 
suggest that the approaches followed had value - as was evident in the significant effect the year mark 
had on the examination mark. Secondly, we are equally motivated to uncover other factors that 
impacted on the results. At minimum, and whilst not perfect, we trust that our experiences offer other 
instructors an opportunity to make decisions on the extent to which they can use our strategies 
employed in their own settings. 
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