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Abstract 
Background: Student expectations for technology to be integral in their learning experience has 
encouraged higher education institutions to incorporate new technology driven resources into their 
curriculum, often without valid evidence of effectiveness. 

Aims: The aims of this study were to develop and evaluate the educational benefits of an embedded-
animation as a supplement to the traditional didactic lecture for nursing students and to evaluate 
student attitudes towards the application of online e-learing tools in their learning and teaching. 

Method: An embedded animation of the pharmacological mechanisms of action of gastrointestinal 
(GI) drugs was designed for second year nursing students enrolled in a core pharmacology and 
pathophysiology course in 2011. Ethical approval for this project was granted by Griffith University 
Human Ethics Committee. Forty five nursing students voluntarily participated in the study and were 
divided into two groups: group which attended a face-to-face lecture with embedded animation (n=25) 
and group which accessed the didactic lecture online without the embedded animation (n=20). Student 
performance in short term retention was assessed using two case-study based quizzes. The first case 
comprised of multiple choice and short answer questions on the pharmacology of GI drugs (including 
the content reinforced by the embedded animation). The second case was on immunology and 
included five multiple choice questions. A short survey was used to discriminate between the two 
groups, obtain students’ demographic data and evaluate their preference towards online e-learning 
tools. Data were statistically analysed by t-test, ANOVA, Pearson correlation and Chi square using 
IBM SPSS software (ver 20). Probability (p) values of less than 0.05 were considered statistically 
significant.  

Results: Forty five students participated in the study. Of those, only two students were males (4.5%). 
The results demonstrated no significant difference in academic performance between the two groups 
(t = 0.8, p > 0.05). However, the embedded animation had a positive impact on student learning, in 
particular on students who had a low Grade Point Average (GPA) and struggled with the theory 
content in courses. The results also showed that students’ performance correlated with their GPA (p < 
0.05, r = 0.63). The quiz results were divided into three categories: Fail (less than 50%), Pass (50-
75%), and Distinction (more than 75%) and this classification of results was compared with the 
frequency of those attending lectures (never or rarely and frequently and always). The results 
demonstrated strong association between attendance at lectures and performance with pass and 
distinction in the quizzes (χ2 = 9.15, p < 0.05). Another finding of this study was the significant 
relationship between non-attendance at lectures and preference for using online learning materials (χ2 
= 12.0, p < 0.05). 

Conclusion: Albeit the small sample size, the results of this preliminary study suggest that the 
addition of embedded animation, as supplement to the didactic traditional lectures, did not have a 
significant effect on improving students’ performance in assessments. Attendance at lectures and 
students’ GPA showed positive correlation with performance at the quiz suggesting that these may be 
indicators of student outcomes at examinations. Students who did not routinely attend lectures were 
more likely to prefer the addition of online e-learning tools into the curriculum. 
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1 INTRODUCTION 
The rapid expansion in the discipline of pharmacology, has placed more pressure on academics to 
consistently incorporate new facts and update their curricula [1]. While it is essential to add this new 
content into existing pharmacology curricula because of its relevance to contemporary clinical 
practice; in most instances no additional teaching time is allocated for its inclusion [2]. This 
disproportionate increase in content within the limitations of existing contact teaching hours may 
hinder student learning, limit comprehension and understanding, and restrict the integration of new 
information into students’ existing knowledge-base [3]. Therefore, it has been proposed that 
technological advancement may assist academic educators overcome these challenges and meet the 
growing needs and expectations for improving the quality of education, whilst encouraging student-
focused learning and developing independent life-long learners [3]. Consequently, the use of 
technology in higher education has started to grow rapidly in both quantity and quality [2].  

Although students generally perceive technology resources to be valuable for their learning, published 
studies reveal that the currently available tools provide little educational benefit in nursing education 
[4], with many tools never achieving a significant level of usage or being  no longer in use [5]. One 
suggested theory is that the rush by institutions to embrace technology has often been made without 
the input of key educators and stake holders [6]. Moreover, the development of these tools has been 
more focused on the use of state-of-the-art technology rather than consultation with educationalists 
who value learning and pedagogy [6]. Further, the technology tools’ perceived lack of educational 
benefit may be attributed to their design not being governed by any relevant pedagogy or teaching 
theories. Therefore, the need for well-designed studies to identify the relevant pedagogy for the 
development of  technology tools, and to better understand the relationship between the defined 
pedagogy, the educational objectives and specific elements of technology tools in improving student 
learning is a pressing need in the current educational context.  

We have previously designed a series of online learning tools to complement the delivery of 
pharmacology content within the framework of a defined pedagogy and successfully evaluated its 
efficacy among pharmacy students, whose curriculum includes a significant component of advanced 
pharmacology [7]. Within the present study, we adapted one of our online tools to be an  embedded 
animation within a didactic lecture for a different student cohort comprising of nursing students, who 
are often challenged by science-intensive courses amid perceived disconnect between nursing 
practice and basic science [8, 9].  

The embedded animation that was developed covered the content relating to the mechanisms of 
action of two gastrointestinal (GI) drug classes, namely histamine 2 (H2) receptor antagonists and 
proton pump inhibitors (PPIs). The embedded-animation was designed to meet the following learning 
objectives: (1) to describe the normal physiological processes regulating the release of hydrochloric 
acid (HCl) from the stomach’s parietal cells; and, (2) to describe the pharmacological mechanisms by 
which H2 receptor antagonists and PPIs reduce the secretion of HCl from the parietal cells. 

An assessment task was developed to evaluate the educational benefit of the embedded animation. 
The assessment consisted of a combination of well-constructed multiple choice questions (MCQs) and 
short answer questions (SAQs) delivered as two case-study based quizzes. Questions were carefully 
developed to assess the stated learning objectives and attempted to evaluate the four levels of the 
knowledge dimension, namely: factual, conceptual, procedural, and metacognitive knowledge, as 
defined by Bloom’s taxonomy and Bloom’s revised taxonomy [10, 11]. The Structure of the Observed 
Learning Outcome (SOLO) taxonomy was used as the rubric for the qualitative analysis of student 
answers for the SAQs. SOLO is a model for qualitative evaluation of teaching and assessing [12]. This 
taxonomy consists of five levels of increasing structural complexity: pre-structural, uni-structural, multi-
structural, relational and extended abstract [12]. A similar method has already been used successfully 
by other researchers to qualitatively analyse student responses in a biology course [13, 14].  

Therefore, the aim of this study was to design a GI pharmacology embedded animation based on 
previously established online learning tools and to evaluate its educational benefit. Moreover, the 
investigation aimed to evaluate student attitude towards the application of online e-learning tools in 
their learning and teaching. 
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2 METHOD 
This investigation was conducted at the School of Medical Science, Griffith University, Gold Coast 
Campus, Australia. Ethical approval was granted by the Griffith University Human Ethics Committee 
(protocol PHM/05/10/HREC).  

Second year nursing students enrolled in the course “Pathophysiology & Pharmacology 2” (n = 247) 
convened by the School of Medical Science at Griffith University, Australia in the academic year 2011 
constituted the study sample. Prior to the scheduled lecture on the topic of gastrointestinal 
pathophysiology and pharmacology, the study design, participation guidelines, ethical considerations 
and expected outcomes were described to the students. Additionally, to inform students who did not 
attend the lecture, an announcement was made through the course website regarding the proposed 
study. All students were given equal opportunity to accept or decline participation at any point of the 
study. Importantly, it was emphasised that no extra credit towards the course grade would be given for 
participation in the study and no penalty imposed for non-participation. Forty-five students voluntarily 
participated in the study and were allocated into two groups: students who attended the face-to-face 
lecture and viewed the embedded-animation (n = 25) and those who only viewed the lecture online 
without the embedded-animation (n = 20) (Figure 1). All students enrolled in this course could access 
the course Blackboard using their university student number and password to undertake the quizzes. 

 
Figure 1. Study design showing participant numbers. The study compared quiz performance between 

two groups: lecture + embedded-animation (n = 25) and online lecture (n = 20). 

Custom animations were sequenced in Microsoft PowerPoint 2010 and narration was added using 
iSpring Pro 4.3.0 to produce the embedded animation. The embedded animation was incorporated 
into a didactic face-to-face lecture but removed when the lecture was edited prior to posting online for 
student access via the course website. Hence, students who attended the lecture in person were able 
to view the animation but those who accessed the lecture online were not.   

A mix of well-constructed MCQs and SAQs were used in the assessment tool of this study, delivered 
as two case-study based quizzes. The first case was composed of three MCQs and three SAQs on 
the pharmacology of drugs acting on the gastrointestinal system including the material covered by the 
embedded animation. Of the three SAQs, the first tested only factual knowledge, the second designed 
to test factual, conceptual, and metacognitive knowledge and the last designed to examine procedural 
and metacognitive levels [10, 11]. SOLO taxonomy was used to qualitatively evaluate the student 
responses for these two questions. Finally, the second case, for comparison, was on immunology and 
included five MCQs only. The quizzes were made available via the course website in Griffith 
University’s Blackboard interface for students to access them online. 
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Additionally, a short survey was also designed to obtain students’ demographic data and included 
after the case study questions. The purpose was to find if there were any associations between the 
demographic data and performance in the quizzes. The survey was also used to evaluate student 
attitude towards the embedded-animation by way of a 5-point Likert scale (strongly agree, agree, no 
comment, disagree and strongly disagree). Two questions were included in the survey to elucidate 
whether students had attended the face-to-face lecture and viewed the embedded animation or had 
only viewed the lecture online. Prior to accessing the survey, participants were reminded that their 
participation was voluntary and their responses would be de-identified by the course lecturer.  

The data were statistically analysed using IBM SPSS software (v 20). Probability (p) values of less 
than 0.05 were considered statistically significant. Both quantitative and qualitative analyses were 
undertaken on the survey results. For the quantitative analyses, firstly, demographic data were 
compared to find the commonalities and differences in variables such as gender, age, first language, 
etc. between the two groups. Descriptive statistics, t-tests, and chi-square tests were used for this 
purpose. Secondly, student performance across the two groups was evaluated using the following 
statistical tests: (1) t-tests to compare student total performance in both quizzes between the lecture + 
embedded-animation and online lecture groups; (2) ANOVA tests to assess student performance in 
the individual questions between the two groups; and (3) an ANOVA test to evaluate student 
performance between the two case-study quizzes within the same group. Thirdly, a linear regression 
analysis was performed to determine whether there was a significant correlation between 
demographic data and student performance. Finally, student preference for the embedded-animation 
and online e-learning tools was also statistically analysed using descriptive statistics and Chi-square 
test. The survey evaluated participant attitudes towards the online e-learning tool by way of a 5-point 
Likert scale (strongly agree, agree, no comment, disagree and strongly disagree). To improve sample 
size per group, these categories were collapsed into three types of response: “positive”, “neutral” and 
“negative” responses. 

For the qualitative analyses, the SAQs from the GI case study quiz were analysed, using SOLO 
taxonomy, for conformation to intended knowledge levels. A validation process was followed in this 
analysis to ensure consistency in evaluating student responses. Student answers were checked 
against the SOLO taxonomy criteria by the main investigator and two senior pharmacology lecturers 
with an educational degree background. A meeting was set up to reach a consensus for student 
answers that were given inconsistent SOLO levels between the markers.  

3 RESULTS 
The embedded animation illustrated and described the mechanisms of action of two GI drug classes: 
H2 receptor antagonists and PPIs. A representative screen capture of the embedded-animation is 
presented in Figure 2. 

 
Figure 2. Example screen capture of developed embedded-animation describing mechanism  

of action of H2 receptor antagonist. 
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Two case-based summative quizzes were successfully uploaded into the course website Blackboard. 
The first case study was on the pharmacology of drugs acting on the gastrointestinal system including 
the content reinforced by the embedded animation. The second case study was on the immunology 
content. 

A total of 67 students originally participated in the study. However, 12 students did not undertake the 
survey and were consequently excluded from the study. Therefore, the remaining 45 students were 
considered as participants in the study. Of those, only two students were males (4.5%). The 
demographic data was compared between the two groups (Table 1). The majority of students from 
both groups were between 31- 40 years old. There was no significant difference in age group 
frequency between the lecture + embedded-animation group and the online lecture one (χ2 = 4.1, p > 
0.05). The Grade Point Average (GPA) was also collected from participants through the survey. All 
recorded values were valid and within the normal GPA range (1.0 – 7.0). Students from the online 
lecture group had a significantly higher mean score for GPA than the other group (respectively, mean 
± SD= 5.6 ± 0.84, 5.0 ± 1.01, t = 2.1, p < 0.05). There was no significant difference between the two 
groups in the numbers of students whose first language was not English (χ2 = 0.01, p > 0.05). 
Students were also surveyed on whether they had studied pharmacology course in their previous 
degree (if applicable). Only four students from each group had studied pharmacology before, 
indicating no significant difference in pharmacology prior knowledge between the two groups. 
Students were also asked to indicate whether they read through the lecture notes before attending 
lectures. No significant difference was seen in this variable between the groups (χ2 = 0.1, p > 0.05). 
Finally, participants were requested to rate the level of difficulty they had in understanding course 
content that involved drug mechanisms of action. All students selected either neutral or difficult as 
their response; however, more students from the lecture + embedded animation group (84%) found 
these topics difficult than students from the other group (45%) and the difference was found to be 
statistically significant (χ2 = 7.6, p < 0.05). Sample descriptive data for student performance in both 
case study quizzes are also presented in Table 1. The highest percentage of correct answers was 
achieved by the lecture + embedded-animation group with a mean of 55% (± 23.3), with a minimum of 
0% and a maximum of 85%. The overall students’ performance as measured by mean test scores was 
not significantly different between the two groups (t = 0.8, p > 0.05). Additionally, there was no 
significant difference in student performance between the two groups for any of the individual 
questions (F = 5.1, p > 0.05). Moreover, there was no statistical difference in student performance 
between the two case study quizzes within the same group (F = 3.4, p > 0.05). 

Table 1: demographic data and student performance for the two groups. 

Variable Online lecture 
(n=20) 

Lecture +embedded-
animation (n=25) Statistic, p-value 

Age groups   
 21-30 (n = 26) 9 (45%) 17 (68%) 
 31-40 (n = 8) 6 (30%) 2 (8%) 

 
 

χ2 = 4.1, p > 0.05 
 41-50 (n = 11) 5 (25%) 6 (24%)  
GPA (Mean, SD) 5.6  ± 0.84 5.0  ± 1.01 t = 2.1, p < 0.05 
English as first language   
 Yes  (n = 34) 15 (75%) 19 (76%) 
 No   (n = 11) 5 (25%) 6 (24%) 

 
χ2 = 0.01, p > 0.05 

Previous pharmacology knowledge  
 Yes  (n = 8) 4 (20%) 4 (16%) 
 No   (n = 37) 16 (80%) 21 (84%) 

 
χ2 = 1.7, p > 0.05 

Prior lecture study    
 Yes  (n = 28) 13 (65%) 15 (60) 
 No   (n = 17) 7 (35%) 10 (40%) χ2 = 0.1, p > 0.05 

Difficulty to follow topics that cover drug MOA a  
 Neutral (n=15) 11 (55%) 4 (16%) 
 Difficult (n=30) 9 (45%) 21 (84%) 

 
χ2 = 7.6, p < 0.05 

Student performance in case study quizzes (case1+2)  
(Mean, SD) 50 ± 28.3 55 ± 23.3 
Minimum % 0 0 
Maximum % 100 85 

t = 0.8, p > 0.05 
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This table includes statistical comparisons of demographic data and student performance in the case study 
quizzes. a mechanism of action. 

The demographic variables above were analysed to determine their impact on student performance, 
and a significant association was found between student performance and GPA. Linear regression 
analysis showed that participants’ GPA was significantly correlated with performance in the case study 
quizzes (r = 0.63, R2 = 0.39, p < 0.05); see Figure 3. 

 
Figure 3. Scatterplot of overall student performance in the assessment quizzes  

and their GPA, showing a strong positive correlation. 

Student attitudes toward the online e-learning tools were analysed using a short survey, which 
demonstrated, in general, a preference for the e-learning tools regardless of whether students viewed 
the embedded-animation or not (see Table 2; p > 0.05 for all comparisons). 

Table 2: student attitude towards the online e-learning tool. 

Variable Online lecture 
(n=20) 

Lecture +embedded 
-animation (n=25) Statistic, p-value 

Participants prefer online e-learning tools  
 Positive (n = 29) 16 (80%) 13 (52%) 
 Neutral (n = 6) 2 (10%) 4 (16%) 
 Negative (n = 10) 2 (10%) 8 (32%) 

 
χ2 = 4.1, p>0.05 

Participants think online e-learning tools are useful 
for their learning in pharmacology course  

 Positive (n = 40) 19 (95%) 21 (84%) 
 Neutral (n = 5) 1 (5%) 4 (16%) 

 
 
χ2 = 1.3, p>0.05 

 Negative (n = 0) 0 0  
Participants think online e-learning tools can assist in 
understanding drug MOA a  

 Positive (n = 36) 16 (85%) 20 (80%) 
 Neutral (n = 5) 1 (5%) 4 (16%) 

 
 
 
χ2 = 2.7, p>0.05 

 Negative (n = 4) 3 (15%) 1 (4%)  
Participants think online e-learning tools can change 
the way to recall information   

 Positive (n = 33) 14 (70%) 19 (76%) 
 Neutral (n = 7) 2 (10%) 5 (20%) 
 Negative (n = 5) 4 (20%) 1 (4%) 

χ2 = 3.3, p>0.05 
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This table includes statistical comparisons of student preference towards online-learning tools between two 
groups; no statistical significant difference was observed in any comparison. a mechanism of action. 

Student attitude toward the application of online e-learning tools was also analysed in relation to the 
demographic variables above; only lecture attendance was significantly associated with preference for 
using those tools (χ2 = 12.0, p<0.05). Students who rarely attended lectures stated a preference for 
face-to-face teaching to be substituted with online e-learning tools; see Table 3. 

Table 3: student preference for replacing lectures with online e-learning. 

Variable Never or rarely 
(n=8) 

Frequently or always 
(n=37) Statistic, p-value 

Replace didactic lectures with online e-learning 
tools  

 

 Positive (n = 12) 6 (75%) 6 (16%) 
 Neutral (n = 7) 1 (12.5%) 6 (16%) 
 Negative (n = 26) 1 (12.5%) 25 (68%) 

 
 
 

χ2 = 12, p<0.05 

This table includes statistical comparisons of student preference for replacing lectures online e-learning 
tools between students who never or rarely attend lectures (n = 8) and those who frequently or always 
attend (n = 37). Students who rarely or never attend lecture were more positive towards this question. The 
difference was statistically significant. 

Qualitative analysis was performed to assess the quality and depth of student answers in the two 
SAQs (Question 3 and Question 6) of the GI case study. The analysis was done according to the 
SOLO taxonomy. None of the students were able to reach the highest level of SOLO taxonomy 
(extended abstract) in their answers. The results showed no significant difference in SOLO taxonomy 
scoring for student answers on either Question 3 or Question 6 between the groups (respectively, χ2 = 
4.9, p > 0.05;  χ2 = 0.6, p > 0.05); see Table 4. 

Table 4: qualitative analysis of short answers according to SOLO taxonomy. 

Variable Online lecture 
(n=20) 

Lecture +embedded 
-animation (n=25) Statistic, p-value 

Q3 (Factual, conceptual and metacognitive knowledge) 
  Pre-structural (n = 18) 5 (25%) 13 (52%) 
  Uni-structural (n = 22) 11 (55%) 11 (44%) 
  Multi-structural & relational (n=5) 4 (20%) 1 (4%) 

 
χ2 = 4.9, p > 0.05 

 
Q6 (Procedural and metacognitive knowledge)  

   Pre-structural (n = 36) 17 (85%) 19 (76%) 
   Uni-structural (n = 9) 3 (15%) 6 (24%) 

 
 
χ2 = 0.6, p > 0.05 

This table includes statistical comparisons of student performance in the two SAQs according to SOLO 
taxonomy. No statistical difference was found between the two groups. 

4 DISCUSSION 
Our team was able to successfully develop embedded animations designed to meet the curriculum’s 
learning objectives and underpinned by relevant teaching theories, using commercially available 
software packages such as iSpring Pro and PowerPoint. The advantage of these embedded-
animations custom designed and developed in-house is that educators can easily update content to 
match evolved course learning objectives or changed practices, unlike commercially available tools 
developed by trained programmers using complex software packages.  

Demographic data was collected to ensure that there were no systematic differences in the 
characteristics of students in the two study groups to control for confounding factors. These included 
participants’ gender, age group, GPA and English as their first language. The analyses revealed that 
participants from the online lecture group had a significantly higher mean GPA than students from the 
other group, suggesting that students performing well academically were confident in learning online 
whereas students challenged by the course content preferred to attend lectures. Other variables were 
similar across the groups; see Table 1. 
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Another significant difference between the two groups was rating the difficulty to follow topics that 
cover drug mechanisms of action. The majority of students from the lecture + embedded-animation 
group rated those topics as difficult to follow. It is suggested that the complexity of pharmacology as a 
discipline may hinder student learning [1]. Therefore, the answer might be found in using embedded 
animation tools as novel approaches to facilitate student learning, and placing emphasis on 
transforming students as independent learners [1, 15]. However, the impact of those tools on student 
performance and preference should be examined carefully before conclusions are drawn in this 
regard. 

While students who attended the face-to-face lecture and viewed the embedded-animation slightly 
outperformed the other group in the case study quizzes, this difference was not significant. This would 
imply that the benefit of adding embedded-animation tools as supplements to pharmacology lectures, 
for this cohort at least, is still under question. However, the limitations of the study including the small 
sample size, an ad hoc rather than continuous supplementation of lectures with embedded-animations 
and evaluation that tested short-term recall must also be considered. Although the ultimate goal of our 
work would be to develop a suite of embedded-animation tools that complement the lectures in 
pharmacology and make these tools available and freely accessible online, for purposes of this study, 
the embedded-animation was shown once only at the lecture and not included as a resource online. 
Nonetheless, our finding contradicts the results of another study, which showed that adding web-
based interactive instructional techniques, which supplemented traditional lectures, significantly 
improved student performance [16]. However, other researchers argued that the use of e-learning 
tools should be continuous to provide advantage to students [17]. 

No significant difference was found in assessing student performance in the individual questions 
between the two groups; the purpose of this comparison was to discover any effect of the embedded-
animation on improving a particular knowledge dimension as described by Bloom’s revised taxonomy. 
A previous finding from our team was that embedded-animation tools might have the potential to 
improve student factual knowledge [7]. However, this was not evident in this study. Other ANOVA 
tests were also used to evaluate student performance between the two case-study quizzes (one on 
content which employed an embedded-animation as supplement; and the other which did not) within 
the same group. The purpose of this assessment was to determine the effect of the embedded-
animation on improving the performance for the same student. No significant difference was noted 
indicating that the embedded-animation in this study did not have any impact on improving student 
performance. 

Participants were given two weeks period between the application of the embedded-animation during 
the lecture and implementing the quizzes. Students from both groups had the chance to review their 
lecture notes and textbooks before undertaking the quizzes. The study asked participants to indicate 
the extent of independent study they usually undertake, before attending lectures. No significant 
difference was found between the two groups suggesting that participant motivation for self-study was 
similar across the groups. Therefore, the difference in performance might be related to other factors 
than the self-study. 

One important finding in this study was the strong positive correlation between the grade point 
average (GPA), for students in both groups, and performance in the quizzes as demonstrated by the 
results. It can be seen that participants, who had a high GPA performed better in the quizzes 
regardless of their assigned group. It is widely accepted that GPA is a strong indicator of academic 
performance, and a similar conclusion was found by other studies that support our findings [18, 19]. 

The demographic data showed that the lecture + embedded-animation group had significantly lower 
GPA and they rated the course content as significantly more difficult to follow and understand 
compared to the online lecture group. Surprisingly, the participants from the lecture + embedded-
animation group slightly out performed, but not in a significant way, the students from the online 
lecture group who had higher GPA and found the course content easier to understand. It is, therefore, 
possible to construe that the embedded animation had a positive impact on improving student 
performance, especially for those who struggled in courses which were heavy in theoretical concepts, 
such as pharmacology. However, this conclusion warrants further exploration in a bigger student 
cohort. 

Students from both groups indicated positive responses towards the application of technology into 
their curricula with a preponderance of students from the online lecture group being more positive 
towards the technology driven learning. This corroborates other study evidence that student expect 
and embrace technology as part of their learning experience [20]. 
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Another finding of this study was the significant association between non-attendance at lectures and 
preference for using online e-learning tools. Students who rarely attended lectures stated a preference 
for face-to-face teaching (lectures) to be substituted with online e-learning tools (χ2 = 12.0, P<0.05). 
This  can be explained by the benefits of online e-learning tools to allow students to direct their own 
learning by providing flexible learning opportunities [4, 6]. Online e-learning tools allow students to 
learn when, how (learning style, collaborative or independent learning), what (content) and where 
(place) they want [21]. 

Finally, qualitative analysis of student performance in the SAQs showed no difference between the 
groups in the level of understanding of the content. This suggested that the embedded-animation was 
not successful in helping students to develop higher levels of thinking and understanding in this pilot 
study. We acknowledge that there were limitations in this study. The concept of long-term knowledge 
retention following the use of embedded-animation was not assessed. The quiz was implemented 
online, and student could access it from their computers. No control measures were taken for the 
online quizzes or the survey and students could have easily compared or discussed responses to the 
questions, or have accessed their learning materials while taking the quizzes. Self-reporting bias is 
also a possibility. One solution to ensure honesty in responses was to conduct the quizzes in an 
examination room under the observations by invigilators [22]. Other limitations included small sample 
size and potential for non-respondent bias.  

5 CONCLUSION 
Albeit the small sample size, the results of this preliminary study suggest that the addition of 
embedded-animations, as supplement to the didactic traditional lectures, might have a positive impact 
on student learning, in particular for students who have low GPA and are challenged by courses that 
are heavy on theoretical concepts. Students’ GPA showed positive correlation with performance at 
assessments and students who did not routinely attend lectures were more likely to prefer the addition 
of online e-learning tools into the curriculum. 
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