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ABSTRACT

The academic success of first-year students’ learning in science faculties is by no
means assured, especially in an Open Distance Learning setting with its limited number
of face-to-face encounters between students and lecturers or tutors. Therefore, such
encounters should be highly efficient in view of the considerable amount of knowledge
transfer to students. The University of South Africa (Unisa) makes provision for contact
sessions of 15 hours per semester for selected modules in an attempt to elevate the
pedagogical efficiency of these sessions by focusing on the threshold concepts as an
innovative way of learning. This paper shows that tutorials adopting the threshold
concepts approach have the potential to make students academically more successful.
The focus of this study is an introductory information systems module that teaches
the Python programming language. Our statistical analysis demonstrated that the
year marks and final exam scores of the participating students were frequently higher
than those of the students in the control group.
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INTRODUCTION

Open Distance Learning (ODL) students’ success rates are, on average, lower than those of
students at contact universities. For example, the United Kingdom Open University’s graduation
rates for 2010 were at 22% for ODL students, at 82% for full-time students, and at 39% for part-
time students. It was predicted that graduation rates could drop even further (Simpson, 2010).
In other countries, students at major ODL universities did not perform better. Graduation rates
were 14% at the Dr Ambedkar University in India; 6% at the University of South Africa (Unisa);
5% at the Athabasca University in Alberta, Canada; and only 0.5% at the Tele-university of
Quebec (Simpson, 2013).

The above percentages indicate the urgent need to improve students’ success rates. It is
possible that prospective students may regard ODL institutions as a last resort rather than
universities of choice. This downward trend may not only harm the standing of ODL degrees in
the industry but could also deter high-potential students from registering at ODL institutions. It
may even lead to a further decline in ODL institutions’ performance.

At Unisa, the largest ODL university on the African continent, no weekly lectures or tutorials
characteristic of the pedagogical approach at traditional contact universities, are offered.
Students are expected to work without supervision and use only study materials provided by
the university, loaned at its libraries, or bought at booksellers. Limited support is offered by
online facilitators called e-tutors (Pitsoane et al., 2015) in the form of online materials produced
or curated within the university and, to a quite limited extent, short workshops called face-to-
face classes.

Because of a need to cut operational costs, these workshops are often presented by ad-
hoc lecturers or subject experts who have nearly no academic or contractual ties with the
university. The downside is that pedagogies that are not always aligned with the university
educational philosophy may be applied during workshops. Also, the time constraints of 15
hours per semester render some of the efficient and popular pedagogies such as group work,
mini-projects, or extensive discussions impossible. Moreover, the time that tutors devote to
struggling students is often inadequate.

Additionally, it is difficult for isolated students stuck on a concept critical for understanding the
rest of the material to get help, particularly in courses that require students to master an ample
block of knowledge before they can get to grips with the next one. Science subjects are typical
examples of such courses.

In this paper, we attempt to find an educational silver bullet, a pedagogy that, in an ODL
environment, would significantly improve the passing rates of students. If successful, this
methodology could be imparted to tutors before they educate students in workshops. Such
a pedagogy might be based on the threshold concepts (TCs), a term that describes any
challenging block of knowledge that must be mastered before a next topic can be dealt with.

According to Meyer & Land (2003), a TC can be defined as an idea in the curriculum that is:

« Transformative in that its learning leads to a changed perception of the subject or
discipline.

+ Integrative since it allows students to see relationships within a discipline that they were
previously unaware of.

» TIrreversible because once it is learned, it is difficult (or impossible) to unlearn or forget.

» Potentially troublesome for students because it may be conceptually difficult, alien, or
counter-intuitive; may require explicit knowledge of a concept that has been tacit; or may
require a deeper understanding of a concept than merely ritual knowledge.

* Bounded because a concept is understood only by disciplinary insiders and defines the
boundaries of a discipline.

In the learning of TCs, students often find themselves in a liminal state, a state of being on the
threshold. It is characterised by an oscillation between of the old and the new understandings
and confusion about them, by an emotional response, and a feeling of being stuck (Meyer &
Land, 2005).
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PURPOSE OF STUDY

TCs originated from the notion of troublesome knowledge, knowledge that is conceptually
difficult, counter-intuitive or alien (Perkins, 1999). Introduced by Meyer & Land (2003), TCs quickly
gained popularity and was soon the subject of a great many papers and books (Meyer & Land
2006; Land, et al,, 2008; Land at al., 2016; Meyer et al.,, 2010). After TCs had become ubiquitous
in academia, Michael Thomas created a web page listing past and current developments in
TCs (Flanagan, 2020). Since May 2022 the list of disciplines in which publications about TCs
appeared, surpassed 200 entries.

Several techniques serve to identify a TCin a certain scientific area or discipline. Semi-structured
interview analyses of exam responses and observation of classroom behaviour are two of
them (Barradell, 2013). Another involves a survey amongst lecturers, followed by a focus group
session and in-depth interviews (Galligan et al., 2010). Using a questionnaire for students, Baillie
etal. (2006) identified complex numbers as a TC in the engineering field. Townsend et al. (2016)
applied the Delphi method to a small group of educational experts to find and validate TCs in
the domain of information literacy. Faculty workshops and student interviews were a source
of TCs for Loertscher et al. (2014). Barradell (2013) maintains that the TC identification process
should be rigorous and strengthened by involving participants outside the educational domain.
She also advocates the consensus methodology in combination with other research methods.

Novice programmers find computer science and programming quite difficult (Mannila et al.,
2006). It is understandable because they have to grasp dozens of TCs (Sanders & McCartney,
2016). Another reason is students’ anxiety when they have to cross the liminal space of
computer programming (Chetty & van der Westhuizen, 2013).

To our knowledge, TCs in computer science were first mentioned in the work of McCartney &
Sanders (2005). Because of the frequent occurrence of TCs in mathematics and physics, they
decided to identify TCs in their domain of expertise and come up with the most appropriate
pedagogies for addressing them. Program-memory interaction was proposed as a TC and
examined by Vagianou (2006). Eckerdal et al. (2006) dealt with TCs according to constructivist
learning theory from a computer science point of view. According to them, TCs are a particularly
troublesome part of a student’s knowledge framework. They suggested abstraction and
object-orientation as TCs. Khalife (2006) discusses the difficulties that novice programmers
encounter and claims that the computer model itself is a TC. Consequently, students need
to develop a concrete mental model of computer internals and operations during program
execution to cross the liminal space. An interesting generalisation of TCs in programming
education, called anchor concepts, is proposed by Mead et al. (2006). Anchor concepts
should be either only foundational or both integrative and transformative. Owing to this
relaxation, anchor concepts are easier to identify than TCs, and more promising and relevant
in curriculum planning. The empirical identification of TCs was undertaken by Boustedt et al.
(2007) by means of questionnaires destined for computer science instructors and students and
interviews with them. They found evidence of TCs in computer science and identified two of
them: pointers and object-oriented programming. Eckerdal et al. (2007) conducted interviews
with graduate seniors in computer science to investigate the usefulness of the liminal-space
metaphor. They found that although TCs are useful constructs, they cannot be easily ordered
since students take different routes through liminal space. Students also reported that learning
TCs takes a considerable time and may stimulate negative attitudes. Mostrém et al. (2008)
asked a group of students to identify and describe the computing concepts that transformed
their view of computer science. An analysis of their answers produced several concepts that
could be classified as TCs, namely modularity, data abstraction, object-orientation, code reuse,
design patterns, and complexity. Rountree and Rountree (2009) link TCs in computer science
to student success as well as the type and timing of support during the learning process. They
argue that the idea of recursion is an example of a TC in computer science since it meets all the
TC definition requirements. Sorva (2010) introduced the notion of transliminal concepts, which
are concepts that can be understood only when a student’s perspective has been transformed
by a TC. In programming, instantiation and pointers would be transliminal concepts. Sien &
Chong (2012) analyse object-oriented modelling from a TCs angle and conclude that classes,
generalisation-specialisation hierarchies, and object interaction should be added to the list
of computer science TCs. Rountree et al. (2013) contend that any successful crossing of the
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liminal space requires not only the acquisition and internalisation of the knowledge, but also
“its practical elaboration in the domains of applied strategies and mental models”. Shinners-
Kennedy & Fincher (2013) summarised the work of a group of researchers who had to identify
and report TCs in computer science education. The authors predicted that looking for evidence
of TCs in teachers’ pedagogical presentations instead of in learners’ knowledge acquisition
would be the next step in the discipline. As part of their experimental approach to TCs by
using Python programming language, Miller, Settle & Lalor (2015) conducted an exploratory
study in an interactive programming environment. Five students doing inheritance exercises
were requested to share everything they think during the programming process. The analysis
indicated parameter passing and dot-object notation as TC candidates in Python programming.
Sanders & McCartney (2016) give the most comprehensive overview of TCs in computer science.
They conducted an extensive literature research and tabularised data TCs in computer science
with citations. They also listed the instruments they have used for gathering data about TCs,
and proposed an intervention that would facilitate liminal-space crossing.

Despite these substantial theoretical developments, few papers describe the practical
implementation of TCs in the computer science classroom and offer a formal evaluation of
students’ progress. Khalife (2006) used TCs in introductory object-oriented programming
in Java. He reports a significant improvement in student scores compared to their scores in
previous courses on the same topic. Sien (2011) applies concept maps for teaching object-
oriented analysis and contends that students subjected to the intervention produce a better
class-and-sequence diagram than the control group.

While there is a significant body of literature focused on defining and identifying TCs across
various academic fields, little research has been conducted on the impact of TC-related
pedagogies on academic outcomes. Thus, our study aims to address the following research
questions:

* Does a TC-based pedagogy improve formative test results?
* Does a TC-based pedagogy improve summative tests results?
» Does a TC-based pedagogy accelerate students’ knowledge acquisition?

In this study, we aim to address the knowledge gap surrounding the practicality of TCs in
ODL pedagogies. To ensure scientific rigor, we established a quasi-experimental setting by
conducting the experiment three times with different student groups in an almost identical
environment, employing independent outcome measurement, and using widely accepted
statistical methods to support our conclusions. The significance of this research lies in two areas:
firstly, the pressing need to enhance student retention and success in ODL, and secondly, the
effect size of the outcomes we obtained. We aspire to meet the needs of curriculum designers
by providing efficient pedagogical strategies for developing ODL courses and producing a
manual to support academics in delivering these courses.

METHOD

In response to the research questions, we applied quantitative research techniques to select a
student cohort, provide a set of interventions, and perform a statistical analysis to determine
whether the intervention affected students’ assignment and exam results. Due to ethical
concerns, which we could summarize as a purposeful non-delivery of an educational support
to a group of students, we were unable to apply a full experimental setting with two randomly
constituted student groups, so we decided to use a quasi-experiment instead. In the context of
this study, according to Shadish et al. (2002) the employed design is called the “posttest-only
control group design with non-equivalent groups”.

The student group that participated in the quasi-experiment was not randomly selected but
consisted of students who responded positively to the invitation to participate in the intervention
workshops, thus the sample was affected by self-selection bias. Additionally, we could expect
an additional bias caused by the fact that the participating students were in the geographical
proximity of the campus where the interventions took place, what might lead to geographical
bias (Gonzdlez Canche, 2019). The comparison group was the full cohort of students enrolled in
the study unit but not participating in the intervention.
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To safeguard the rights of participating students, the detailed plan research plan was submitted
to the Unisa ethics committee before the investigation commenced. Only after the committee
was satisfied that the research will be conducted according to the university’s code of ethical
research, permission 2017 _PRC_REW_005_Ex was given. During the recruiting process and at
the workshops, students were advised that they would be equipped with knowledge according
to a method that has its roots in experimental pedagogy.

The experimental environment we decided on was the introductory module INF1511. It is part
of the undergraduate curriculum for computer science and information systems and teaches
students the Python programming language. This choice was dictated by, first, the popularity of
this module, in other words, the substantial number of students registering for it and, second,
the numerous TCs found in this module. During the second semester of 2018, we followed
a similar approach in another undergraduate module in the programming language C++.
Unfortunately, the small the number of students participating in the project made it impossible
to generalise the outcomes and after one attempt, we decided not to continue with C++.

The workshops that were designed around programming TCs were presented to Unisa students
located in the Western Cape Province. The number of students in this province taking the
INF1511 module fluctuates around 100 every semester. We hosted four four-hour workshops
in the second semester of 2017 (2017/S2) and five three-hour workshops in the first and
second semesters of 2018 (2018/S1 and 2018/S2). Additionally, a portal with links arranged
thematically to various relevant internet resources was created. Students participating in the
intervention enrolled as users of this portal. Moreover, notes from the workshops, interesting
results and insights, and the code used during the workshops were published on the portal.

Although we tried to cover a wide range of TCs as suggested by Sanders & McCartney (2016) and
Shinners-Kennedy & Fincher (2013), limited time forced us to concentrate on only a few major
ones. TCs we dealt with involved object orientation in various respects such as abstraction,
classes, objects, modularisation, dot-notation, object interaction, class declaration, information
hiding, inheritance, polymorphism, operator overloading, and code reuse. Less important TC
themes included recursion, scope, and lambda functions. The variable-assignment statement
in contrast to the mathematical equality sign, parameter passing, and complexity were also
mentioned.

In the workshops, the following educational approaches were adopted. First, each concept was
explained in various ways to cater for the diversity and various background of students. Second,
cases and experiences students were familiar with were used to explain TCS. Third, students
were required to change an existing code, add a new code, and program a simple solution from
the very beginning.

Object-Oriented Programming was explained by dealing with the growing complexity of the data
structures and the programming’s suitability for a reflection of the real world. Students participated
by building a fictitious University Tracking System containing various types of students, depending
on their progress in academia. Hierarchies and inheritances were created by implementing
student objects at various levels of university enrolment (undergraduate, master’s, PhD, etc.).
The classes and objects concepts started with the idea of an empty class in which attributes
and methods were gradually added. Based on the class template, the objects were created,
and their functionalities were reviewed and tested. This process-supported teaching included
not only fundamental, but also sophisticated programming methods such as the application
of constructors, decorators, static and class functions, as well as variables. The presentation
concluded with the implementation of the student system hierarchies. If time allowed, examples
illustrating the applicable ideas from various fields (such as physics, economics, and biology)
were given. Recursion, known for its learning difficulties (McCauley et al.,, 2015), was approached
by means of an analysis of the mathematical definition (after assurance that the students are
suitably mathematics literate), a game in which each student performed a specific recursive
function call, and the trace tables. The lambda functions were first explained by an analysis of
the traditional mathematical function and functions used in Python. Then the lambda construct
was presented. Several examples of the application of lambda functions to vectors were worked
through. Finally, students were asked to design and implement their own lambda functions.

The reliability of the above method was ensured by retesting and the quasi-experiment was
performed three times on different cohorts of students. The outcomes yielded consistent results
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and supported the research hypothesis. To ensure the validity, we used the construct approach.
We wanted to find out if the students undergoing the TC-based intervention performed better
than the general cohort of students.

In our study, we employed assignment and exam outcomes as the key measures of student
performance. These measures are widely recognized as effective indicators of student
learning and academic achievement. Assignments are an important tool for assessing student
understanding of course material and their ability to apply the concepts they have learned.
By completing assignments, students can demonstrate their mastery of the subject matter
and their ability to think critically and creatively about course material (Black & Wiliam, 1998,;
Brookhart, 2010).

Exams, on the other hand, are often used as a comprehensive measure of a student’s knowledge
and understanding of a particular subject. Exams are designed to assess a student’s ability to
recall and apply the concepts they have learned throughout the course (Brown et al., 2013). In
our statistical analysis, we utilized both assignments and exams to evaluate the impact of the
intervention on student performance. By examining the changes in these measures over time,
we were able to assess the effectiveness of the intervention and determine whether it had a
significant impact on student learning and achievement.

To address the potential for confounding variables and ensure that our findings were robust,
we employed several controls in our study. First, we used a comparison group consisting of the
full cohort of students enrolled in the study unit. This allowed us to compare the performance
of students who received the intervention to those who did not, providing a baseline for
evaluating the effectiveness of the intervention. Second, we took measures to ensure that
the intervention was implemented consistently across all participants. We provided clear
instructions and guidelines to the intervention group to ensure that the intervention was
delivered in a standardized manner.

Since the sample sizes are rather small and the samples themselves do not exhibit a strict
normal distribution, we decided to perform the Wilcoxon test, as it is a non-parametric statistical
procedure often employed in hypothesis-testing setups involving a single sample (Sheskin,
2003). In research, the effect size is crucial as it measures the magnitude of difference between
groups, moving beyond merely identifying if the groups differ statistically (Cohen, 2013). We
have furnished this metric for the comparative analysis conducted. The trend of improvement
in the assignment marks of the students over the course of the study was evaluated with help
of the Pearson correlation that measures the degree and the direction of the linear relationship
between two variables (Gravetter et al., 2020).

FINDINGS

Following the announcement of the exam results, we extracted the necessary data from our
institutional databases, which included two academic indicators that were used to assess
students’ academic success. These indicators were the year marks, which represent the
average of all assignments submitted by students during the semester, and the final exam
marks obtained at the end of the course.

Both of these indicators were used as input data for our subsequent statistical analysis. It’s
worth noting that we did not use the final course score, which is a computed score comprising
20% of the year mark and 80% of the exam mark. Instead, we used the year mark and the
final exam mark as separate indicators to ensure a more accurate assessment of student
performance.

The sizes of the control groups, which comprised all students taking the course but not
participating in our interventions, and of the samples, which comprised students participating
in our interventions, together with the statistical results for the year mark and exam results for
three teaching periods are summarised in Table 1.

We also reported on the effect size calculated according to Cohen’s method (Cohen, 2013).
The effect sizes we calculated, according to Sullivan & Feinn (2012) can be classified as being
between small (0.2) and medium (0.5). Thus, although the effect observed in the study is not
extremely large or significant, it is still meaningful and noteworthy.
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YEAR/SEMESTER 2017/S2 (4 x 4 hrs) 2018/S1 (5 = 3 hrs) 2018/S2 (5 x 3 hrs)
Control # 547 550 500
Sample # 21 15 21
Year Mark

Control mean 66.3 60.9 59.1
Sample mean 74.8 68.2 70.3
P-value 0.044 0.094 0.052
Effect size 0.32 0.25 0.38
Exam

Control mean 47.1 45.7 59.7
Sample mean 58.7 48.8 68.2
P-value 0.018 0.112 0.011
Effect size 0.45 0.25 0.44

After analysing the data on the comparative assignment results, we sought to estimate the
speed at which students improved their subject mastery when the TC pedagogy was applied.
We focused on the changes in students’ assignment marks over time as a way to track their
progress. Our analysis revealed a trend of improvement in the assignment marks of the students
over the course of the study. This suggests that the TC pedagogy was effective in promoting
student learning and mastery of the subject. We were able to observe a consistent increase in
the assignment marks of the students, as depicted on Figures 1, 2 and 3, indicating that they
were making progress towards their learning goals.

Difference in assignments outcomes in percentage points 2017 S2

Marks

Al A2 A3 Ad A5 Ab AT AB
Assignments

The difference in marks between experimental and control groups is almost always positive
and increases with time. We calculated the Pearson correlation coefficient and the p-value for
testing non-correlation, which are presented in Table 2.

These results indicate that students who were taught according to the TC-centred method
mastered the knowledge faster than students in the control groups. However, it must be noted
that in 2018, semester 1, the correlation is not significant (p = 0.465), this is possibly a side
effect of the small sample size.
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Table 1 Control and sample
groups sizes, year mark

and exam results (both

in percentage points) for

the TC quasi-experiment.
Data is listed for the three
consecutive semesters when
the interventions took place.

Figure 1 The difference in marks
(equivalent to the percentage
points) in consecutive
assignments during the second
semester of 2017.



Difference in assignments outcomes in percentage points 2018 S1
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Assignments

Marks

Difference in assignments outcomes in percentage points 2018 S2

20 A

15 ~

Marks

Ad A5 AB A7 A8
Assignments

YEAR/SEMESTER 2017/S2 (4 x &4 hrs) 2018/S1 (5 x 3 hrs) 2018/S2 (5 x 3 hrs)
Pearson 0.91 0.30 0.87
P-value 0.002 0.465 0.005

DISCUSSION AND CONCLUSIONS

In this work, we tested the TC-based pedagogy designed by Meyer & Land (2003) in a quasi-
experimental setting and found comparable outcomes to those obtained by Khalife (2006)
and Sien (2011). We have shown that 15 to 16 hours of tutorials, during which only TCs were
taught, improved students’ knowledge of computer science and increased the probability of
their passing the course.

In the 2017/S2 experimental setup, the research hypothesis was confirmed: the sample’s year
mark and exam outcomes surpassed those of the general cohort, with a moderate effect size.
In 2018/S1, although the results were positive, they were not statistically significant—this lack
of significance was likely due to the small sample size. In 2018/S2, the exam results supported
the hypothesis, but the year mark, though positive, did not reach statistical significance.
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Figure 2 The difference in marks
(equivalent to the percentage
points) in consecutive
assignments during the first
semester of 2018.

Figure 3 The difference in marks
(equivalent to the percentage
points) in consecutive
assignments during the second
semester of 2018.

Table 2 Linear approximation
of results growth (the
difference between the
average sample mark and the
average control group mark)
over a series of consecutive
assignments submitted by
students in the sample.



When measuring the speed at which students assimilated knowledge, we observed positive
outcomes. During both 2017/S2 and 2019/S2, students in the test sample produced superior
assignments, and the gap between them and the control group increased with each assignment.
This suggests that knowledge growth in the intervention sample outpaced that in the control
group. However, the 2018/S1 results were less conclusive in terms of statistical significance.
Therefore, with a moderate level of confidence, we can assert that our research questions have
been affirmatively addressed.

Although the workshops were offered to all students in the region (there are nine regions in
South Africa), only some students opted to participate. Therefore, the results may suffer from a
self-selection bias and therefore one should remain cautious when generalising them. Also, we
engaged with a discipline that, fortunately, abounds with particularly well-defined TCs, which
is not always true of other academic subjects. Consequently, the following recommendations
are made:

*  The full experiment rather than the quasi-experiment should be conducted to make the
argument for TC applicability stronger.

»  Should the execution of the full experiment prove infeasible, conducting a quasi-
experiment with a substantially increased number of participants might lead to more
conclusive results.

* The TC pedagogy should be tested in the same workshop setting for other disciplines and
if the outcome of a such tests support our conclusions, this pedagogy should be extended
to other academic subjects.

These recommendations, however, must be treated with caution from the generalisability and
transferability points of view. First, a full experiment requires a placebo sample, which, in our
case, was a group of students taught according to traditional methods. This approach raises
some ethical issues, for example, the denial of potentially superior tutoring services to some of
the students. Therefore, creating a full experimental setting seems to be quite difficult. What
would strengthen our argument and improve the conclusion’s generalisability, is a repetition
of the quasi-experiment in a few other university’s regional centres with the infrastructure
and capabilities to conduct the workshops. Second, TCs are not as well defined in other than
computer science disciplines, which severely limits the transferability of the outcomes. To
remedy this, much preparatory work should be done to promote the recognition of the TCs
and constructing appropriate interventions before TC pedagogy is applied to learning in those
disciplines.

Overall, the adoption of TC pedagogy in higher learning could lead to improved academic
success and better-prepared graduates. By exploring the potential implications of our findings,
we hope to encourage further discussion and research on the application of TC pedagogy in
higher education.
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