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Advances in technology have seen a significant growth in 
the integration of e-learning into university education.  
Coupled with this trend are the learning approaches used by 
“Generation Connected” or GenC students, whose prolific 
use of digital technology is a defining characteristic.  This 
has resulted in questions being asked as to whether in-class 
university lecture time is still relevant to university education.  
Here we conducted a case study with a group of 
undergraduate neuroscience students to assess their views 
on the relevance of attending lectures, why they attend or 
the reasons for non-attendance, and on what makes a good 
lecture.  This is with a view to informing the design of new 
teaching approaches that may be more beneficial in 
maximising student engagement, and facilitating learning.  

The survey instrument was a ten-item questionnaire that 
collected both qualitative and quantitative data.  Over 90% 
of students were of the view that lectures were beneficial to 
their learning, while only 4% thought they were an outdated 
mode of education.  Three main themes emerged when 
students were asked what makes a good lecture: 1. 
Engagement, 2. Time, and 3. Varied format.  We discuss the 
implications of these findings and suggest how these 
student views could be woven into the design of teaching 
approaches to increase the relevance of in-class lecture 
time in undergraduate neuroscience education. 
 
     Key words:  Neuroscience; Undergraduate; Education; 
Pedagogy; Lecture; Relevance; Engagement; Attendance.

 
Significant advances in technology have led to the 
increasing integration of e-learning in university education in 
recent years (Trelease, 2016).  Furthermore, there have 
also been changes in the learning strategies used by 
undergraduate students who are now part of “Generation 
Connected” (GenC).  One of the defining features of GenC 
is their prolific use of digital technology (Friedrich et al., 
2010).  This is reflected in studies showing that more than 
80% of university students own three or more devices that 
are Internet-ready (Caruso and Salaway, 2007; Smith and 
Caruso, 2010; Vedantham and Hassen, 2011).  Coupled 
with this changing student demographic, has been the rise 
of the debate regarding the usefulness of the academic 
lecture.  Equally in the science, technology, engineering and 
math fields (STEM), there have been significant changes in 
teaching practices with many universities eliminating 
traditional lectures and replacing them with small classes in 
peer-led learning formats.  Previous work on the 
development of causal reasoning skills in the sciences 
suggests that lectures should invite students to analyze the 
modes of inquiry that scientists engage in and then reflect 
on what this means for their own scientific thinking (Wong et 
al., 2009).  This has led to a debate regarding the usefulness 
of traditional lectures versus active learning in university 
education (Freeman et al., 2014). 
     The role of the traditional lecture in STEM has been the 
recent focus of a meta-analysis of 225 studies examining the 
effectiveness of traditional lectures versus active learning 
approaches in undergraduate STEM courses (Freeman et 
al., 2014).  This study concluded that students in courses 
with traditional lecturing were 1.5 times more likely to fail 
than students in classes with active learning (Freeman et al., 
2014).  However, lectures have been the main form of 
instruction since the first universities were built (Brockliss, 
1996).  Is this a case of the classical signature pedagogy of 

university education persisting as a result of historical norms 
even though it has lost its utility (Shulman, 2005)?  Perhaps 
the problem is not with the lecture format per se, but rather 
with the type of teaching approach used therein.  As 
suggested by McCarthy, lectures require pedagogical 
framing instead of presentational packaging, and must rise 
to the challenge of prioritizing student understanding, or 
become outmoded (McCarthy, 2008).  Perhaps rather than 
the monolithic debate of “lecture or no lecture,” the debate 
would benefit from a focus on whether students still find 
lectures useful, what factors influence their decision to 
attend lectures, and what they consider makes a good 
lecture.  The need for this is reflected in recent work showing 
that many neuroscience students often favor lecture 
sessions over active learning approaches, including group 
work, peer-review sessions and quizzes (Nagel and 
Nicholas, 2017).  Understanding the reasons why this is the 
case is the focus of this study.  Our view is that by 
understanding why students find lectures useful, and why 
they are most likely to attend, this will be useful to faculty 
who teach neuroscience.  It may also be helpful to consider 
student opinions on the lecture format when designing or 
implementing new modes of teaching and learning in order 
to maximize student engagement. 
     While it is expected that students across disciplines may 
share overarching common views, it is important that 
individual disciplines gather discipline specific student 
feedback.  Here we carried out an attitudinal survey of 
fourth-year Bachelor of Science (BSc) undergraduate 
students majoring in neuroscience, regarding their views on 
the relevance of attending lectures, why they attend or not, 
and on what makes a good lecture.  We discuss the 
implications of these findings, and how they might be useful 
for faculty in the development or refinement of the lecture 
format in undergraduate neuroscience education. 
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MATERIALS AND METHODS 

Survey population 
In November 2015, all fourth-year students (n=24) enrolled 
in the BSc Neuroscience program in the Department of 
Anatomy and Neuroscience at University College Cork, 
Ireland, were invited to complete an entirely anonymized 
survey. Seventeen participated for a 71% response rate.  
Lectures in the neuroscience curriculum at our institution are 
one hour in duration.  Lectures are supported by the 
University’s web-based learning portal.  From this platform 
lecture presentations, practical laboratory guides, learning 
resources and announcements are posted in advance or 
immediately after the lecture / laboratory sessions.  Lecture 
delivery has some integration of multimedia systems, 
including video clips depending on the particular course.  
Academic-led social media is not actively integrated into the 
neuroscience curriculum. 
 
Survey instrument 
The survey instrument was a ten-item questionnaire which 
collected quantitative information using multiple choice 
questions, or 5-point Likert scales.  The survey instrument 
has been designed and developed by institutional 
colleagues in a previously published survey used to assess 
the relevance of lectures in engineering education 
(Fitzpatrick et al., 2011).  With regards to questions on their 
views on lectures, students were also given the opportunity 
to comment on their answer. Given the low number and 
mixed variety of questions, we could not calculate the alpha 
co-efficient and Kendall Tau b to support reliability and 
validity.  However, as this survey has passed a peer review 
process (Fitzpatrick et al., 2011), it has face and content 
validity as a result.  The survey was checked for ease of 
understanding by a colleague, and was first issued to three 
graduate students and no issues were found. 
 
Data analysis 
All data from Likert scale questions were converted to 
ordinal data with 1=strongly disagree; 2=disagree; 
3=neutral; 4=agree; 5=strongly agree.  These data were 
entered into GraphPad Prism 6 (GraphPad Software, Inc., 
San Diego, CA) or exported to the Statistical Package for 
Social Scientists (SPSS), version 22 (IBM Corp., Armonk, 
NY).  Descriptive statistics along with Pearson’s Chi-
squared tests (Χ2) tests were carried out to assess 
significant deviations in preferences from chance, which we 
define as equal numbers of students selecting each answer 
to a question.  Preference for a particular answer was 
assessed relative to the total number of expressed 
preferences for each question.  Data were considered to be 
statistically significant at p < 0.05.  Student comments were 
entered into Word, version 14.0 (Microsoft Corp., Redmond, 
WA) and a thematic analysis was performed manually. 
 

RESULTS 
Students view lectures as beneficial to their learning 
despite significant online activity. 
All students were enrolled in the fourth year of the BSc 
Neuroscience program prior to completing the survey.  All 

students owned at least two internet-ready devices, with just 
under 50% of respondents owning three or more.  We also 
assessed whether students used the sites Wikipedia® and 
YouTube® in their study of Neuroscience as we have 
previously discussed the pitfalls and potential of these 
approaches (Barry et al., 2016a; Barry et al., 2016b).  59% 
of students confirmed that they used Wikipedia®, while 88% 
confirmed that they used YouTube® in their study.  Students 
were next asked to rate their level of agreement on a 5-point 
Likert scale (with three statements), whereby one indicated 
they strongly disagreed with the statement, and five 
indicated that they strongly agreed with it. 
 
Statement 1. “I think lectures are beneficial to my learning.”  
94.1% of students had a positive response (agree or 
strongly agree) when asked if lectures were beneficial to 
their learning (mean Likert score = 4.47) (Fig.1A, B).  X2 

testing on the overall number of responses showed a 
strongly significant deviation (X2 = 23.3, df = 4, p = 0.0001).  
Of all five choices, “Strongly Agree” showed the largest 
number of expressed preferences (58.8%), indicating that 
this choice was the most strongly favored by the student 
population.  Students were also asked to comment on their 
answer; selected examples are shown below grouped by 
their level of agreement with the statement shown in 
parentheses (e.g., (5) = strongly agree). 
• “Depending on the lecturer personalised explanations 

help with understanding.” (5) 
• “I find it easier to take in information when someone is 

explaining it to me.” (5) 
• “Information is easier to remember and understand when 

lecturers go through it.” (5) 
• “They provide information and you can ask specific 

questions.” (5) 
• “Gives an opportunity to ask questions and confer with 

classmates.” (4) 
• “Some lecturers just read off their slides – kind of pointless 

at times.” (4) 
• “Often find they move too fast.  I learn visually.” (3) 
 

Statement 2. “If the lecturer provides a good set of notes on 
the material covered in the module, then there is no real 
need to attend lectures.” 
Only 23.5% of students had a positive response to this 
statement (mean Likert score = 2.41) (Fig.1A, B).  Of all five 
choices however, “Disagree” showed the largest number of 
expressed preferences (47%).  Students were also asked to 
comment on their answer; selected examples are shown 
below, grouped by their level of agreement with the 
statement (e.g., (1) = strongly disagree). 
• “Just reading sometimes makes it more difficult to truly 

learn – having someone to explain and answer questions 
is essential in my opinion.” (1) 

• “I struggle with visual learning (diagrams) and lecturer’s 
explanations help hugely when no text is provided.” (1) 

• “Sometimes the way they say it out loud explains it more 
clearly, hearing and reading it covers it twice, more likely 
to remember.” (2) 

• “Notes are all I work on anyway though I am aware that 
won’t apply to most.” (3) 



O’Keeffe et al.      Lecture relevance in Neuroscience education      A30 
 

• “If notes are the actual lecture other than supplementary 
it can be confusing coming to lectures where the lecturer 
just reads from the slides or goes off-topic.” (4) 

 
Statement 3. "Lectures are now an out-dated mode of 
education in the modern world of information technology, 
distance learning and self-directed learning." 
In keeping with the overall trend, no student had a positive 
response to this statement (mean Likert score = 1.82) 
(Fig.1A, B).  Of all five choices, “Strongly Disagree” (41%) 
and “Disagree” (35.3%) showed the largest number of 
expressed preferences.  These data clearly show that 
students still hold a positive view on the relevance of 
lectures, despite their use of on-line resources.  Students 
were also asked to comment on their answer and selected 
examples are shown below grouped by their level of 
agreement with the statement. 
• “Lectures help give a personal touch to learning and allow 

students to become more aware of the departments 
work.” (1) 

• “Technology such as internet pages and YouTube do aid 
in learning but it’s difficult to get the basics from  
them.” (1) 

• “Having a lecturer who is knowledgeable about the subject 
to ask questions is very important.” (2) 

• “They offer a face to face way of learning.  Essential I 
believe.  Rarely is there a class where I don’t ask 
questions.” (2) 

• “Still important but technology has certainly devalued 
them a bit.” (3) 

• “Much of the info can be found online, but the context and 
helpful examples are conveyed in class.” (3) 
 

 

 
 
Figure 1.  Student views on lectures.  A. Students were asked their 
views on lectures in a pre-module survey using a five-point Likert 
scale ranging from 1 (strongly disagree) to 5 (strongly agree).  The 
graphs show Likert scale data represented as the mean score from 
statement 1, 2 and 3.  Error bars represent the standard error of 
the mean. B. Also shown are descriptive stats showing the mean 
Likert score and the percentage of positive responses indicating 
those that agree (4) or strongly agree (5). 

 
Factors influencing student attendance at lectures. 
Having determined that students found lectures to be 
beneficial, we next examined the factors that influenced their 
decision to attend lectures, or the reasons why they did not.  
For this, students were asked the following question and 

given a choice of 15 response options and asked to tick all 
that apply.  For a complete list of the options students could 
select from for each of the following questions, see 
(Fitzpatrick et al., 2011). 
• If you do not attend lectures of certain modules regularly 

(i.e., every week), tick any of the following reasons below 
if they contribute to the reasons for not attending. 

     In the next question, students were asked the following 
question and given a choice of 11 response options and 
asked to tick all that apply; 
•  If you do attend lectures of certain modules regularly (i.e., 

every week), tick any of the following reasons below if they 
contribute to the reasons for your attendance. 

     Interestingly, the top three reasons why students stated 
they did not regularly attend lectures were as follows.  The 
percentage of students who selected these answers is 
shown in parentheses. 
• Continuous assessment deadlines and in-class exams 

from other lecturers means I concentrate on these rather 
than lectures (47%). 

• Part-time job makes it difficult to attend lectures (41%). 
• Do not gain much benefit from lectures (35%). 

     So, based on this, students appear to not attend lectures 
as a result of time and course pressures, economic reasons 
and a perceived lack to benefit from attending.  Interestingly 
the top three reasons why students did attend lectures were 
as follows, with percentage of students who selected these 
answers shown in parentheses. 
• I feel that I would miss out on something important if I miss 

lectures (94%). 
• Good standard of teaching (82%). 
• Attending lectures helps me understand the course 

material a lot better than just reading through the module 
notes (71%). 

     So, for courses where students did attend regularly, they 
appear to do so mainly due to fear of missing something 
important, and they feel that attending lectures helps them 
to understand the course material.  They are also more likely 
to attend if they perceive there to be a good standard of 
teaching.  These data are interesting in that in courses 
where they do not attend, one of the main reasons for doing 
so is that they feel they do not derive much benefit from 
lectures, but they are more likely to attend if they perceived 
a good standard of teaching.  Given this, we next sought to 
understand what it is about a lecture that students perceive 
as being “good.”  To do this, students were invited to write 
in their own words a comment on the following statement: 
• What in your opinion does a really good lecture consist of?  

Please comment. 

     The students’ responses were collated, entered in Word 
and a thematic analysis was performed to identify any 
recurring or common themes in these responses.  We 
identified three themes; 1. Engagement, 2. Time, and  
3. Varied format.  Each one of these three themes is shown 
below with student comments listed under each theme.  
Words in each student response that demonstrate the 
alignment with each theme have been underlined. 
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1. Engagement: 

• “A lecturer that interacts with the class and asks questions 
and opinions.” 

• “When the lecturer engages the class and asks us to think 
rather than talk at us.” 

• “A lecturer that does not just read off the PowerPoint but 
goes out of their way to ensure understanding.” 

• “Actively engage the class – it is hard but keep trying.  
Keep asking us questions so that even if we are not 
answering, it will still spark off ideas.” 

• “Engaging the class; Discussion, debates.” 

2. Time: 

• “A concise, precise breakdown of an isolated topic. Less 
topics covered and at slower speed.” 

• “Clear and accessible online notes, additional important 
information in class with time to make notes.” 

• “Allow time for students to take notes in class (i.e., don’t 
speed through the whole lecture).” 

• “Lecturers shouldn’t cover more than is possible in the 
time frame of the lecture and end up rushing. 

3. Varied format: 

• “Ties in ideas, concepts from other areas of the course 
into their lecture so we can see how things relate and will 
therefore be able to make connections ourselves.” 

• “Good videos to explain concepts/mechanisms (for visual 
learners). 

• “Including short videos to help visualise certain things that 
can be complicated. 

• “Video animations.” 

• “Give links to students for later studies.” 

• “Diagrams are my enemy. Text heavy accompaniments to 
diagrams are always much appreciated.” 

• “Extra content provided outside of slides shown in the 
lecture.” 

     These responses show that students value lectures in 
where there is engagement with the lecturer, where they 
have sufficient time, and where the lecturer provides or uses 
multiple entry points into the material. 
 

DISCUSSION 
In this study, we find that students overwhelmingly find 
lectures to be beneficial to their learning.  We also found that 
they were likely to attend if there was a good standard of 
teaching, and that they equate good teaching with active 
engagement.  Specifically, we found that 94.1% of students 
had a positive response (agreed or strongly agreed) when 
asked if they thought that lectures were beneficial to their 
learning.  These findings agree with a study by Fitzpatrick et 
al. who found that 79% of students who were enrolled for a 
Bachelor of Engineering degree in Process & Chemical 
Engineering had a positive response when asked if they 
thought that lectures were beneficial to their learning 
(Fitzpatrick et al., 2011).  We found that only 23.5% of 
students had a positive response to the statement that there 
was no need to attend lectures if a good set of notes was 
provided.  This again largely agrees with Fitzpatrick et al., 
who reported only 28% of students had a positive response 

to this statement (Fitzpatrick et al., 2011).  In our study, no 
student either agreed or strongly agreed that lectures were 
an outdated mode of education while Fitzpatrick et al. 
reported only 8% of students had a positive response to this 
statement (Fitzpatrick et al., 2011).  These results are also 
reflected in the student responses in each study.  For 
example, Fitzpatrick et al. reported that one fourth-year 
student commented; 

“Only so much can be learned online or through 
podcasts.  Lectures allow for clearer explanations of 
material.  Before the exams, its helps to be able to 
picture the lecturer talking about the topic in question” 
(Fitzpatrick et al., 2011). 

 
     This is also reflected in our current study in students’ 
comments such as: “Technology such as internet pages and 
YouTube do aid in learning but it’s difficult to get the basics 
from them” and also that “Much of the information can be 
found online, but the context and helpful examples are 
conveyed in class.”  Collectively these data show that 
Neuroscience students still find lectures to be beneficial to 
their learning and are not an outdated mode of education in 
a modern world of technology. 
     We also sought to assess the factors influencing the 
decisions of Neuroscience students to attend lectures.  The 
top reason given for attendance was that students felt they 
could miss out on something important if they missed 
lectures.  A study of 245 undergraduate engineering 
students found that that the top reason students gave for 
why they attended lectures was that they “will learn 
something that is not available online (such as: hands on 
experience or demonstration, face-to-face feedback from 
the instructor and the students).” (Alam and Jackson, 2013).  
There are parallels between these studies in that students 
feel they would or could miss something important if they do 
not attend lectures.  It is also interesting to note that one 
student in our study used the same language when 
describing lectures, saying “they offer a face-to-face way of 
learning.” 
     Interestingly, our findings on the top reasons for students 
not attending lectures are also in agreement with a previous 
study (Fitzpatrick et al., 2011).  Students also stated that 
continuous assessment deadlines and in-class exams from 
other lecturers meant they were unlikely to attend.  
Intriguingly, in both studies, the third most popular answer 
was that students do not gain much benefit from lectures.  
This is also reflected in the reasons why students do attend 
lectures, as “a good standard of teaching” was in the top 
three reasons in both studies (Fitzpatrick et al., 2011).  While 
it could be argued that this is a local phenomenon as both 
studies were carried out in Ireland, the overall conclusion is 
also supported by other work in this area.  In 2006, Clay and 
Breslow surveyed 47 undergraduate students at MIT on 
their attitudes towards attending lectures and reported the 
relative importance of factors used to decide on lecture 
attendance (Clay and Breslow, 2006).  They found that the 
top four factors in their decision to attend a lecture were: 1) 
the quality/clarity of the lecture, 2) deadlines for other 
academic work, 3) use of relevant examples, and 4) 
lecturers’ ability to engage/entertain.  What is common 
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between all of these studies is the quality or standard of 
teaching in a given lecture.  Also in agreement with the Clay 
and Breslow study, we found that deadlines for other 
academic work were a significant factor in influencing 
students’ decision not to attend a lecture.  Furthermore, 
students also in the Clay and Breslow study were asked to 
provide recommendations for ensuring high attendance 
rates.  The students’ suggestions from their study included: 

• “It's a real pleasure to be able to walk out [of class] … and 
know what happened, and how it all fits together.… One 
way to do this might be to finish the lectures by stepping 
down from the position of professor, and taking the view 
of the students, to try to talk more on a level with them.  As 
a ‘student’ [the professor] could run through everything he 
had ‘learned’ in that class, describing it in broad, quick 
strokes.  Then the students could leave, confidently 
knowing that what seemed so new and overwhelming just 
a few [minutes] ago could be explained very simply.”  
(Clay and Breslow, 2006) 

     Interestingly, this suggestion also mirrors those of 
students in our survey who also suggested that in a good 
lecture, the lecturer should:  

• “Speak to students in a less formal manner.  Makes topics 
more relevant to students and day-to-day living.” 

• “Speak to students rather than just lecturing.” 

     Interestingly, the parallels between these studies 
suggest that engagement of faculty with students in the 
teaching environment would have a positive impact on 
attendance.  This is supported by a large national study 
showing that students report higher levels of engagement 
and learning at institutions, and on courses where faculty 
members interact frequently with them on issues related to 
their learning, and challenge students academically 
(Umbach and Wawrzynski, 2005).  However, it seems that 
engagement is not sufficient and this is highlighted by one 
student in the Clay and Breslow study who stated that; 

• “[T]o make the lectures useful, the new knowledge must 
be integrated into what we already know. … [It] must be 
continually related back to known material, so the 
students can make the small connections that keep the 
new facts/concepts tied into the existing knowledge 
structure” (Clay and Breslow, 2006). 

     Again, this suggestion of relating new ideas and 
concepts to other areas of the course and to students’ prior 
knowledge was also mirrored by a student in our study who 
suggested that a good lecture should: 

• “Ties in ideas, concepts from other areas of the course 
into their lecture so we can see how things relate and will 
therefore be able to make connections ourselves.” 

     This is interesting when one considers the work of 
Grotzer and colleagues, who proposed that in order for 
students to develop their causal reasoning skills, lessons 
should invite students to analyze the modes of inquiry used 
by scientists, before reflecting on what this means for their 
own scientific thinking (Grotzer, 2003; Wong et al., 2009).  
Equally when these statements are considered in the 
context of the revised Blooms taxonomy, students are 

referring to the relationships between factual knowledge, 
that is knowledge of the basic elements of the discipline, and 
conceptual knowledge, which is the inter-relationships 
between individual aspects of factual knowledge (Krathwohl, 
2002).  As one student in the current study put it, a good 
lecture should be one such that they can see how things 
relate and are therefore able to make connections.  There is 
also a metacognitive element to these statements, in that 
they suggest that students are more likely to attend lectures 
in which there is scope for them to reflect on how they know 
and why they know.  This type of metacognitive experience 
has been shown to be important for developing conceptual 
understanding in science (Schraw et al., 2006; Zepeda et 
al., 2015).  This suggests that providing opportunities for 
reflection may ultimate benefit the lecture process. 
 
Study limitations and future directions 
One limitation of this study is that the class size (n=24) in 
the 4th year BSc Neuroscience program is relatively small.  
Therefore, the quantitative analysis presented in this report 
would be improved by surveying students over several years 
to increase the numbers for quantitative analysis.  That said, 
the quantitative analysis is supported by student comments.  
This can be summarized as students still find lectures 
beneficial to their learning.  These conclusions while 
supported by the evidence, need to be interpreted with some 
care in that students are being asked their views on a 
teaching format that has formed the predominant mode of 
teaching in their university education.  Asking them to 
comment on whether lectures are still useful to them is 
confounded by the fact that they have little experience of 
other forms of teaching for comparison. 
     So, what is the relevance of this study to the “lecture 
versus no lecture” debate for neuroscience education?  
Active learning approaches such as the flipped classroom 
that have advanced and advocated the concepts of 
“discovery learning” and “active learning,” have been shown 
to promote both student engagement and learning (Prince, 
2004).  While in our view, these approaches are very 
beneficial, it should be noted that in a recent study, Jensen 
et al. reported that the flipped classroom is not superior to 
the traditional classroom when both utilize an active-
learning, constructivist approach, and propose that learning 
gains in either condition are most likely a result of the active-
learning style of instruction (Jensen et al., 2015).  This 
suggests that it is not the lecture format per se is the 
problem, but rather the teaching approaches that are used 
therein.  As a student put it, “ask us to think rather than talk 
at us.”  In this issue (O‘Keeffe et al., 2017), we also report 
how we designed and implemented a new teaching 
approach in an undergraduate neuroscience course 
incorporating some of the feedback received here. 

 
REFERENCES 

Alam S, Jackson L (2013) A case study: are traditional face-to-face 
lectures still relevant when teaching engineering courses? Int J 
Eng Pedagogy 3:9-15. 

Barry DS, Tierney P, O'Keeffe GW (2016a) The need for ethical 
and pedagogical frameworks for developing online media in 
anatomy education. Anat Sci Educ 9:498-499. 



The Journal of Undergraduate Neuroscience Education (JUNE), Fall 2017, 16(1):A28-A33      A33 
 

Barry DS, Marzouk F, Chulak-Oglu K, Bennett D, Tierney P, 
O'Keeffe GW (2016b) Anatomy education for the YouTube 
generation. Anat Sci Educ 9:90-96. 

Brockliss L (1996) Curricula. In: A history of the university in europe 
(de Ridder-Symoens H, ed), Vol II, pp 565–620. Cambridge 
Univ Press, Cambridge, UK. 

Caruso JB, Salaway G (2007) The ECAR Study of Undergraduate 
Students and Information Technology. 1st Edition, Boulder, 
CO: Educause Center for Applied Research. 

Clay T, Breslow L (2006) Why students don't attend class. MIT 
Faculty Newsletter XVIII. (Retrieved July 13th 2017 from 
http://web.mit.edu/fnl/volume/184/breslow.html). 

Fitzpatrick JJ, Cronin K, Byrne EP (2011) Is attending lectures still 
relevant in engineering education? Eur J Eng Edu 36:301-312. 

Freeman S, Eddy SL, McDonough M, Smith MK, Okoroafor N, 
Jordt H, Wenderoth MP (2014) Active learning increases 
student performance in science, engineering, and 
mathematics. Proc Natl Acad Sci U S A 111:8410-8415. 

Friedrich R, Peterson M, Koster A, Blum S (2010) The rise of 
Generation C: Implications for the world of 2020. (Retrieved 
July 26, 2017 from https://www.strategyand.pwc.com/media/ 
file/Strategyand_Rise-of-Generation-C.pdf.pdf.)  

Grotzer TA (2003) Learning to understand the forms of causality 
implicit in scientifically accepted explanations. Stud Sci Educ 
39:1-74. 

Jensen JL, Kummer TA, Godoy PD (2015) Improvements from a 
flipped classroom may simply be the fruits of active learning. 
CBE Life Sci Educ 14:1-12. 

Krathwohl DR (2002) A revision of Bloom's taxonomy: an overview. 
Theory Pract 41:212-218. 

McCarthy M (2008) Teaching for understanding for lecturers: 
towards a scholarship of teaching and learning. In: Emerging 
issues 11: the changing roles and identities of teachers and 
learners in higher education. Cork: NAIRTL/EDIN. 

Nagel A, Nicholas A (2017) Don’t believe the gripe! Increasing 
course structure in a large non-majors neuroscience course. J 
Undergrad Neurosci Educ 15:A128-A136. 

O’Keeffe GW, McCarthy MM (2017) An case study in the use of 
primary literature in the context of authentic learning pedagogy 
in the undergraduate neuroscience classroom. J Undergrad 
Neurosci Educ 16:A14-A22. 

Prince M (2004) Does active learning work? A review of the 
research. J Eng Educ 93:223-231. 

Schraw G, Crippen KJ, Hartley K (2006) Promoting self-regulation 
in science education: Metacognition as part of a broader 
perspective on learning. Res Sci Educ 36:111-139. 

Shulman L (2005) Signature pedagogies in the professions. 
Daedalus 134:52-59. 

Smith SD, Caruso JB (2010) The ECAR study of undergraduate 
students and information technology. 1st Edition, Boulder, CO: 
Educause Center for Applied Research. 

Trelease RB (2016) From chalkboard, slides, and paper to e-
learning: how computing technologies have transformed 

anatomical sciences education. Anat Sci Educ 9:583-602. 
Umbach PD, Wawrzynski MR (2005) Faculty do matter: the role of 

college faculty in student learning and engagement. Res High 
Educ 46:153-184. 

Vedantham A, Hassen M (2011) New media: engaging and 
educating the YouTube generation. J Learn Space 1:1-9. 

Wong AW, Morris L, Jasti C, Liu D, Grotzer TA (2009) Nature of 
scientific thinking: lessons designed to develop understanding 
of the nature of science and modeling. (Retrieved  
July 13, 2017 from https://www.cfa.harvard.edu/smg/ 
Website/UCP/pdfs/NatureofScienceUnit.pdf.) 

Zepeda CD, Richey JE, Ronevich P, Nokes-Malach TJ (2015) 
Direct instruction of metacognition benefits adolescent science 
learning, transfer, and motivation: an in vivo study. J Educ 
Psychol 107:954-970. 

 
 
Received December 19, 2016; revised July 27, 2017; accepted August 01, 
2017. 
 
Address correspondence to:  Dr. Gerard W. O’Keeffe, Department of 
Anatomy and Neuroscience, Floor 2 Western Gateway Building, University 
College Cork, Cork, Ireland.  Email:  g.okeeffe@ucc.ie or to Dr. Marian 
McCarthy, The Centre for the Integration of Research, Teaching & Learning 
(CIRTL), West Lodge, Gaol Walk, University College Cork, Cork, Ireland.  
Email:  mmccarthy@ucc.ie. 
 

Copyright © 2017 Faculty for Undergraduate Neuroscience 
 

www.funjournal.org

 

https://www.strategyand.pwc.com/media/file/Strategyand_Rise-of-Generation-C.pdf.pdf
https://www.strategyand.pwc.com/media/file/Strategyand_Rise-of-Generation-C.pdf.pdf
https://www.cfa.harvard.edu/smg/Website/UCP/pdfs/NatureofScienceUnit.pdf
https://www.cfa.harvard.edu/smg/Website/UCP/pdfs/NatureofScienceUnit.pdf
mailto:g.okeeffe@ucc.ie
mailto:mmccarthy@ucc.ie

