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Health professions curricula are rapidly changing in response to 
recommended teaching approaches[1,2] and changes in biomedical 
knowledge.[3] One of the ways in which lecturers have responded to the 
need that these changes have created is to adopt a creative blended learning 
approach to teaching[4,5] in their curricula. Blended learning can be defined 
as ‘optimising achievement of learning objectives by applying the ‘right 
learning technologies’ to match the ‘right personal learning style’ to transfer 
the ‘right skills to the ‘right person at the ‘right time’.[6] This definition 
implies that there is no ‘one-size-fits-all’ approach, and requires lecturers to 
facilitate learning through various forms of feedback, interaction with the 
learning environment and reflection.[7] 

Learning environments vary within the health professions, though one 
area of commonality across disciplines is that of basic medical sciences. As a 
core component of any health professions curriculum, basic medical science 
modules facilitate learning of biology, anatomy, histology and physiology 
content. In the Faculty of Medicine and Health Sciences, Stellenbosch 
University, South Africa, the biomedical sciences department is responsible 
for teaching these components for all health professions education (HPE) 
disciplines as a foundational subject. First-year intake has increased in 
the last decade, and is expected to escalate exponentially going forward. 
There has, however, been no reciprocal increase in teaching staff, which 
precipitates the need for alternative, theoretically sound approaches to 

engaging with students without sacrificing academic quality. Adding to 
the challenges posed by the high student-to-staff ratio is the inequality in 
secondary education within the SA context,[8] which potentially hampers 
the transition of students from secondary to tertiary education. Despite 
the resource and environmental challenges, we attempted to identify 
mechanisms that would ensure facilitation of learning of the foundation 
phase biomedical sciences.

The conversational framework[9] highlights the notion that learning 
requires ‘iterative, communicative, adaptive, reflective and goal-oriented 
action with feedback’ to take place (Fig. 1).[9,10] In applying this framework 
to teaching design,[7] lecturers need to be aware of the ways in which 
students learn: acquisition, inquiry, practice, production, collaboration 
and discussion. Within this study, the applicable ways of learning are 
acquisition, inquiry and practice. Acquisition refers to a passive form 
of learning, engaging with didactic lectures, reading materials and 
other lecturer-selected resources. Inquiry guides a student through 
reflection, and requires the design of learning activities that facilitate 
intrinsic feedback. Finally, activities that include extrinsic feedback on 
conceptual understanding are useful for facilitating practice as a way 
of learning. Using learning objects could be a practical and sustainable 
mechanism for creating a learning environment that incorporates this 
iterative, communicative feedback. Interactive learning objects in the 
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form of reusable shareable content object reference models (SCORMs) 
provide a potential mechanism for facilitating these ways of learning in 
a blended learning curriculum.[11] These types of learning activities are 
ideal for creating adaptive learning environments.[12] The conversational 
framework, and particularly these applicable ways of learning, were 
used to support the design and review of the use of SCORM-based 
learning activities to address the challenges of large classes and student 
understanding in basic medical sciences.

The Life Forms and Life Functions of Clinical Importance 111 (LFF) 
module team have tried to redress the challenges of class size and 
poor tertiary education readiness by revising knowledge presumed to 
be in place from secondary education at the onset of the module. In 
introducing interactive learning objects as tutorials for the first three 
biology topics (cytology, organismic kingdoms of medical importance 
and embryology) in the LFF module via the institutional Moodle-based 
learning management system (LMS), the aim was to support students’ 
learning and comprehension by breaking up information into smaller 
conceptual components.[2,13] The research question guiding this study 
was: is the use of learning objects in a basic medical sciences first-year 
module an effective tool for enhancing the student learning experience, 
and, on a practical level, what are the barriers and enablers to the 
development and use of learning objects in the LFF module for academic 
staff and students?

Methods
As a result of the increasing student-to-staff ratio, and student feedback 
on the module in the 2  years preceding this study, this pilot study was 
designed using a descriptive case study methodology. The case study 
method supported the research team in developing a holistic view of the 
pilot intervention conducted here.[14] Institutional and ethics approval 
(ref.  no. N16/05/069) was obtained for this study from Stellenbosch 
University. Participants included the module team, first-year students 
from the year preceding the study, and the first-year class within the 
study year. The conversational framework[7] served as the theoretical lens 
to understand the process of learning. A phased approach aligned to the 
conversational framework guided our quantitative and qualitative data 
collection. 

The conversational framework proposes that lecturers utilise the 
feedback provided by students on their learning experience to adapt 
(modulate) the content and design of their courses.[7] In phase 1, a paper-
based survey was administered to the first-year cohort (n=369) from 
the year preceding the study. Using a Likert scale, students rated the 
difficulty of topics (1 = most difficult, 5 = least difficult) and need for 
additional support during the LFF module. The results of this survey were 
descriptively analysed. A review of summative assessment results for the 
preceding year’s cohort was used to establish the need for the intervention 
and select the topics for the interactive tutorials. 
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Fig. 1. Conversational framework in the context of this study.[9] (LFF = Life Forms and Life Functions of Clinical Importance 111 module.)
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Phase 2 of the study included converting the existing conceptual PowerPoint 
(Microsoft, USA) slides used in class into interactive tutorials using a 
software package (iSpring Suite; Microsoft, USA) published to the LMS as 
a SCORM activity. Tutorials included quizzes that would divert a student 
back to the content for revision based on incorrect answers, while students 
who answered correctly would progress to the next concept. Two members 
of the research team (JF, AVK) developed and designed the tutorials. This 
process aligns with the teacher concepts, modulating and generating the LFF 
content. A timesheet was used to record hours spent on creating all tutorials, 
providing data on implications for academic staff resources in adopting this 
approach.

The data collection and activities outlined above speak to the principles 
that underlie the conversational framework.[7] The design for learning 
should motivate learners to generate their own articulations/conceptual 
understanding and actions in a way that facilitates their modulation or 
understanding of concepts and practice. Adapting (modulating) his/her 
teaching and learning activities based on feedback (student generating), the 
teacher is able to set goals, which the student responds to in a constructivist 
approach, thus modulating their own practice (Fig. 1). 

In phase 3, we introduced the learning objects in the biology component 
of the LFF module during the first semester. A blended approach to teaching 
included weekly compulsory learning objects for students to complete in 
parallel with the concepts taught in the classroom. The lecturer facilitated an 
information session during the first lecture with the students. This information 
session explained how these compulsory learning objects interact and align 
with the face-to-face lessons. Students received a grade for the learning objects 
on their first attempt, which contributed to continuous assessment within the 
module. Repeat attempts used as revision were not graded. 

The lecturer downloaded and reviewed detailed interaction reports for 
each learning object. These were used to identify which concepts students 
struggled with, based on the assessment grades and time spent on working 
through that particular lesson. Where needed, the lecturer would include a 
short revision of that concept in the next class.

Data for phase 4 included a comparison of the marks of the two cohorts, 
the previous year (n=369) and current year (n=366), as well as a qualitative 
closed- and open-ended questions survey for students of the current cohort 
who consented to the questionnaire (n=52). We used a correlation analysis 
between usage statistics and assessment results to investigate the academic 
effectiveness of this intervention. Two researchers (LK, AA) independently 
applied a thematic network analysis approach,[15] with a combination of 
inductive (conversational framework) and deductive coding, to analyse 
the qualitative feedback from students. In the first round of analysis, each 
researcher created a codebook linked to the teacher concepts and student 
concepts, and any additional basic themes that arose from the data. The 
researchers compared basic themes to generate the organising themes. Final 
global themes emerged through discussion between all authors. 

Results
Results are presented with reference to each phase, as described above. 

Phase 1
A total of 35.5% (n=131) of the previous year cohort consented to 
participate in the survey relating to their perceptions of difficulty and need 
for additional resources in the LFF module. Cytology was perceived as the 
least difficult, while organismic kingdoms and embryology were perceived 

as being difficult concepts within LFF. Students identified embryology 
as the concept that most required extra online lessons (75.6%; n=99), 
followed by organismic kingdoms (69.5%; n=91) and cytology (35.1%; 
n=46) (Fig. 2).

Phase 2
Designing and developing the interactive tutorials took ~5 days (4 days and 
23 hours). This included content slides, assessment questions and branching 
of activities (Table 1).

Phase 3 
Tutorial interaction reports and module assessment data were submitted for 
statistical analysis after the learning objects were introduced to the current 
year cohort of first-year students. In the current year cohort, 33.1% (n=121 
pilot cohort) consented to the researchers utilising their tutorial interaction 
reports, assessment results and questionnaire responses for Phase 4. The 
tutorials were completed by 119 students in the pilot cohort (completion 
rate = 98.4%). Results from the correlation analysis demonstrated that for 
the pilot cohort, there was a significantly stronger relationship between 
the  number of tutorial attempts and assessment results for organismic 
kingdoms (r=0.17, Pearson p-value = 0.07) and cytology (r=0.11, Pearson 
p-value = 0.24) than for embryology (r=0.05, Pearson p-value = 0.61)
(Table 2).

Phase 4
The results for the final phase were twofold: (i) the assessment marks for 
the first test written by the 2016 and 2017 class were compared; and (ii) a 
qualitative closed- and open-ended questions survey was completed for the 
pilot cohort in the current year. The marks for the 2 years for the different 
topics are compared in Table 3.

Students in the pilot cohort who had completed the tutorials were invited 
to respond to a questionnaire via the LMS. The questionnaire included 
both closed- and open-ended questions. A response rate of 43.7% (n=52) 
was achieved for this survey. Most respondents (57.7%) reported that 
they accessed tutorials on campus using their own computers, and did 
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so following the lecturer prompts for completion (86.5%). Independent 
analysis of the responses was compared to identify key themes. 

Three global themes were identified that corresponded with the research 
questions: constructed environment design; barriers to learning; and 
enablers to learning. These themes were further subdivided into organising 
themes. The constructed environment design included organising themes of 
learning object design, blended curriculum and expansion to other modules. 
Barriers to learning were clustered into organising themes that included 
technical difficulties, assessment format and timing. The most prevalent 
global theme was ‘enablers to learning’, which included facilitating the 
understanding of core concepts, formative assessment potential, adaptation 
to new ways of learning and student enjoyment as organising themes. 
Illuminating quotes are included in Table 4 to demonstrate the application 
of this analysis. 

Discussion
In this pilot study, we provide an overview of how a basic medical sciences 
department is addressing the challenges of large classes and disparity in 
academic readiness of first-year health professions students. This was 
achieved through the use of interactive learning objects embedded in a 
blended curriculum approach. We approached these challenges by trying 
to understand and explore learning as a conversation between the lecturer, 
the constructed learning environment and the student.[11] The design of the 
study, as a roadmap to future curriculum renewal using adaptive learning 
tools in our context, solidifies the concept of student-centred blended 
learning in the biomedical sciences field.[13] Phases 1 and 2 investigated the 
interaction that occurs between lecturer conceptions, student conceptions 
and the constructed environment. The responses from the cohort of the 
previous year and the assessment results gave the module team a solid 
foundation and guideline for designing the interactive learning objects that 
responded to student experiences and voice,[16] as opposed to selecting a 

strategy and content based only on the ‘teachers concept’. While the concept 
of using this type of material in teaching has been shown to be useful,[8] 
the concerns regarding the time it takes to develop content are valid, and 
widespread among educators.[17] In our study, we addressed the limited 
time resource by employing the assistance of a postgraduate student and 
instructional designer within the faculty to create the tutorials. This ensured 
that the content was appropriate and of high quality on both an academic 
and technical level.[1] 

The person responsible for developing learning objects, and the scope of 
the content, has been debated in the literature.[18] In this study, the value in 
having a subject-expert as the designer/creator of the tutorials is something 
that we cannot overemphasise. Should an instructional or graphics design 
expert have been given the content independently, technical or content 
issues identified by students may have been more prevalent and required 
more time and financial resources to address. As class sizes increase 
and the drive to incorporate technology into our curricula becomes the 
norm, issues around the cost of educating our students and questions 
regarding the economies of scale around blended learning are common in 
our environment. One of the potential solutions to these issues is the use 
of learning objects,[2,19] owing to their cost-effectiveness, reusable nature 
and the support of a scaffolding approach to education.[19] This supports 
our contention that the reusable nature of the learning objects created 
for the LFF module justifies the time and financial resources used, as the 
content and assessments are useful beyond one module, as a revision tool 
for modules where these concepts apply to pathology, clinical practice or 
physiological processes. The statistically significant differences in the marks 
compared between the year before, implementing the learning objects, and 
the year after implementation show that the use of learning objects can have 
a positive influence in assessment results of students. 

By using the conversational framework as the theoretical base for how 
we understand learning to occur, we argue here that assessment results 

Table 1. Tutorial development time
Learning object Preparation work (min) Pre-quiz slides (min) Quiz (min) Revision (min) Total (hours)
Cytology 1 45 30 450 60 9.75
Cytology 2 45 30 450 60 9.75
Cytology 3 45 30 510 60 10.75
Organismic kingdoms 1 60 30 510 60 11
Organismic kingdoms 2 60 30 510 60 11
Organismic kingdoms 3 60 30 510 60 11
Organismic kingdoms 4 60 30 510 60 11
Embryology 1 75 30 510 60 11.25
Embryology 2 75 30 510 60 11.25
Embryology 3 75 30 510 90 11.75
Embryology 4 75 30 510 60 11.25
Total (hours) 11.25 5.5 91.5 11.5 119.75 (4 days 23 hrs)

Table 2. Pilot cohort tutorial attempts and test results

Variable 1 Variable 2
Pearson 
r-value

Pearson 
p-value

Cytology (tutorial) Cytology (test) 0.11 0.24
Embryology (tutorial) Embryology (test) 0.05 0.61
Organismic kingdoms 
(tutorial)

Organismic kingdoms 
(test)

0.17 0.07

Table 3. Comparative assessment results for the two first-year cohorts
Year Cytology  (%) Organismic kingdoms (%) Embryology (%)
2016 69.9 63.7 56.1
2017 74.7 69.1 78.4
t-value –3.41428 –1.39528 –15.74401
p-value* 0.000675 0.163356 <0.00001

*Statistical significance at p<0.05.
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should not be the focus of the intervention. Rather, we propose that a 
blended curriculum that includes interactive learning objects should be 
reproducible in similar contexts. To this end, we have attempted to present 
both the influence on academic achievement and the lessons learned from 
implementation in relation to learning objects as a valuable method of 
facilitating learning. 

In analysing the relationship between tutorial attempts and assessment 
results, embryology content yielded the weakest correlation. The explanation 
for this finding is the higher complexity and more difficult nature of the 
subject in relation to cytology and organismic kingdoms. As a module 
team, efforts to address this correlation since this pilot study have included 
additional resources for revision and tutorials focused on the embryology 
content. It is also notable that the other topics are similar to the content 
covered in the final year of secondary education, which implies that students 
are more likely to perform better on assessments where these familiar 
concepts are covered. That said, it is still our experience that the formative 
assessment potential in using learning objects is likely to have a positive 
impact on summative assessment outcomes.

In the context of the conversational framework (Fig.  1), it is the teacher 
communication cycle that is affected by these learning objects. The lecturer 
has developed the curriculum and teaching material using the foundational 
concepts required for the degree programme. These are presented in class to 
students from diverse schooling backgrounds and levels of understanding. 
Once students have completed the tutorials, the lecturer can gauge their 
grasp of the concepts and address these with additional revision in the 
classroom before progressing to the next concept. The student is then able to 
respond again within this ‘conversation’ by completing additional tutorials 
in the form of learning objects, or completing the module assessment. 
This modulation of the constructed environment responds to the needs of 
individual students without requiring drastic changes to the timetable or 
curriculum itself. With larger classes, one of the fears of this team was that it 
would lead to limited opportunities for assessing conceptual understanding 
and responding to these timeously. The qualitative feedback received from 
the students during and after the module was completed provided additional 
information and insight to the lecturer regarding the design of the content, 
and motivation for continuation and expansion of the intervention. 

Conclusion
The challenges of class size, student readiness for higher education and 
the importance of a strong foundational basic medical science learning 
experience are important considerations for educators in our context. 
Creating interactive learning objects and constructing an iterative and 
engaging learning environment provide a helpful contribution to meeting 
those challenges. In our study, we have proposed that the cumulative nature 
of developing resources that are meaningfully embedded in the curriculum 
is beneficial. For staff, the benefits include having available resources for 
revision and formative assessment, which improves their ability to respond 
to students’ needs for revisiting concepts that are difficult but crucial to 
understanding. Our students could benefit through the ability to learn at 
their own pace, expand their knowledge on particular concepts and revisit 
biomedical science concepts as they become applicable to other subjects and 
practices within the curriculum. We recommend that interactive learning 
objects should be used as a mechanism for feedback to the lecturer on how 
the curriculum can facilitate learning more effectively, which could, in turn, 
facilitate multiple ways of learning in our rapidly changing and diverse 
environment. 
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