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INTRODUCTION 
Flipped classrooms enable students to gain a deeper understanding of lecture material by 
using contact-time to apply information, rather than simply for information delivery, which 
is instead done in the student's own time as preparation for each class (Deslauriers et al., 
2011; Bergmann & Sams, 2012). Flipped classrooms are an increasingly popular way to 
develop higher order cognitive skills and problem-solving capabilities (e.g., in medical 
training, Lin & Hwang, 2018). Moreover, they also address the change in the primary role of 
educators from one of information delivery to information interpretation because there are 
few barriers to students obtaining information independently. A key aim, and indeed 
challenge, of this approach is to facilitate students in the shift from rote learning to 
meaningful learning, reinforced by formative feedback to create a positive learning 
experience (Entwistle, 2009). Flexible thinking is also an important aspect of higher 
education that is only possible through deep learning and the formation of concepts that 
can be applied more widely (Kegan, 1982; Perkins & Ritchhart, 2004; Entwistle, 2009). This 
flexibility is required to reach the complex levels of Bloom’s taxonomy, a classic benchmark 
of high level skill development for higher education, culminating in the ability to evaluate 
and create (Bloom et al., 1956) – both essential skills for the next generation of scientists.  

Flipped classrooms appear to be particularly successful in the STEM disciplines (Freeman et 
al., 2014), with evidence for its potential to substantially improve grades and experiences in 
biology (Kitchen et al., 2003; Smith et al., 2009; Bravo et al., 2016), physics (Deslauriers et 
al., 2011) and engineering (Prince, 2004; Prince & Felder, 2006). Although early evidence 
was criticized for small sample sizes, short interventions or lack of treatments (Bishop & 
Verleger, 2013), recent analyses are more robust and objective (e.g., Bravo et al., 2016) yet 
further evidence is required to make sure the flipped approach is actually working. Some 
argue that, until the evidence is clear, we should instead try alternatives such as “active 
lectures”, which have a much stronger evidence base that supports their ability to improve 
student performance (Pickering & Roberts, 2018). Despite valid criticisms, evidence so far 
appears to be predominantly in favour of flipped classrooms and highlights their potential 
effectiveness (Cabı, 2018). However, for it to be more widely implemented within higher 
education, there are a number of challenges that must be addressed.  

Teachers, and the institutions that pay their salaries, can be reluctant to develop flipped 
courses because it requires more preparation time than traditional lecturing styles (Stone, 
2012). This requirement stems from the need to develop video material for outside class as 
well as interactive teaching designed to engage students fully with the material and to think 
critically inside the class (e.g., Prince, 2004; Prince & Felder, 2006; Bishop & Verleger, 2013; 
Porzecanski & Bravo, 2018). To develop effective information delivery outside of class also 
rests on the teacher’s knowledge and practical skills with multimedia (Bishop & Verleger, 
2013). Increasing familiarity with multimedia platforms that can be used efficiently and 
effectively, as well as a general technological ideology, is thought to be one of the reasons 
behind the recent rise in the use of flipped classrooms (Bishop & Verleger, 2013).  

Ecology is a crisis discipline. Future ecologists need to be equipped to solve grand global-
scale challenges such as the mass extinction of biodiversity and sustainable development of 
nations (Porzecanski & Bravo, 2018). The National Research Council of the USA has explicitly 
stated that the new generation of biologists should be “capable of providing solutions to 
real-world problems” (National Research Council 2009). Filtering relevant information and 
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critically evaluating its worth is particularly important because available information is often 
biased and the consequences of misinterpretation are serious. To achieve this skill, students 
need time specifically-allocated to apply knowledge that they have gained throughout their 
degree program, so they can explore concepts in a real-world context. Such opportunities 
prepare them for real-world employment and to become responsible citizens capable of 
making informed decisions. Effective communication with scientists and non-scientists alike 
is also an important skill for today’s ecologists, and for graduates more broadly.  

Here, I explore the role for flipped classrooms in higher education with specific reference to 
a new undergraduate module at Lancaster University (LU) on Coral Reef Ecology. I examine 
both the evidence and practical issues around the two main components of the flipped 
classroom: delivering lecture material outside class and active in-class exercises. I consider 
inclusivity issues associated with this form of learning and develop suggestions for putting it 
into practice in the Faculty of Science and Technology (FST) at Lancaster University. 

LEC.351 CORAL REEF ECOLOGY 
In the context of my own teaching development, I will focus on a new module I have 
developed on Coral Reef Ecology that runs for the first time in the Michaelmas term of 
2018/19 for third year undergraduates at LU. The module uses a flipped classroom model 
that links digital chalk-talks, in-class exercises and workshops (Fig. 1; e.g., Prince, 2004; 
Prince & Felder, 2006; Christiansen & Olsen, 2006).  

 

Fig. 1. Structure of each set within LEC.351 Coral Reef Ecology. Series (10 total throughout course) have an 
overall objective that ensures constructive alignment (Biggs, 2003) and multiple smaller objectives linked to 

the specific task. Dashed lines indicate components that are not always part of a series. 

Each set gives the students opportunities to apply and interpret information, create 
solutions and develop operative knowledge (McCormick & Murphy, 2008). Overall, the 
module aims to guide the students towards deep learning and encourage their 
understanding of the learning process, which will allow two-way, student-centered learning 
(Kegan, 1992; O’Donovan 2017).  

One ILO that is particularly relevant to the overall program aim for Ecology & Conservation 
degree students is to “critically assess the impact of threats to coral reefs and the 
interaction amongst those threats”. This is particularly important in a real-world context as 
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the persistence of coral reefs is increasingly compromised. Building on this ILO, the final 
subject specific aim is for the students to be able to “develop the flexibility to think across 
disciplines to solve contemporary challenges and critical thinking through problem-based 
learning workshops”. Therefore, it is an appropriate module in which to use the flipped 
classroom approach. 

DESIGNING OUTSIDE-CLASS LECTURES 
Flipped classroom approaches depend on delivering information outside of contact hours, 
generally through multimedia. Ensuring multimedia resources are engaging and effective is 
therefore a key consideration in designing the flipped module. Here, I draw on cognitive 
theory and published evidence to understand the challenges of multimedia for learning. 
One highly relevant idea is the Cognitive Theory of Multimedia Learning (CTML; Mayer & 
Moreno, 2003), which makes three key assumptions: (1) information is received via dual 
audio and visual channels, and each of these channels is processed separately, (2) we have a 
limited capacity to process each channel, and (3) processing is active and requires learner 
engagement with the information via attention, selection, organisation and integration of 
prior knowledge.  

Cognitive overload occurs when one or both channels receive too much information in a 
short period of time, inhibiting effective selection, organization and interpretation required 
to create a coherent mental model and achieve meaningful learning (Mayer & Moreno, 
2003; Mayer, 2010). In short, the task exceeds the capacity of the cognitive system. Video 
lectures must be designed with this in mind and aim to facilitate processing in the student’s 
working memory, and integration with existing knowledge to form long-term memories. 
Mayer & Moreno (2003) offer nine solutions to cognitive overloading that can be readily 
applied to flipped classrooms (Mayer, 2010). In brief, these solutions are to: 

1) present words as narration rather than text to reduce load on the visual channel. 
2) segment information to reduce load on the organising process. 
3) pre-train learners about components before teaching them about causal 

mechanisms i.e., sequencing. 
4) weed out extraneous information (e.g., background music) to reduce incidental 

learning. 
5) signal the essential information that should be processed by stressing this 

information either verbally or visually. 
6) align words and pictures to remove load spent on scanning the screen. 
7) eliminate redundancy to reduce time devoted to reconciling simultaneous inputs. 
8) synchronise presentation of audio and visual material i.e., in time.  
9) individualise instruction to take advantage of skills learners already have to ease 

cognitive load e.g., spatial ability.  

The Cognitive-Affective Theory of Learning with Media (CATLM) (Moreno & Greenwich, 
2005; Moreno & Mayer, 2007) expands CTML by highlighting the role of agency in effective 
processing. In particular, CATLM stresses that learning is improved when the learner uses 
conscious effort, and that effort itself is influenced strongly by motivation. Flipped 
classrooms can lead to more positive attitudes and greater motivation (Cheng et al., 2016), 
which is especially important given the reliance on students watching the videos and 
preparing for class in advance (Pickering & Roberts, 2018). CATLM also suggests that 
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personalization can lead to further engagement, for instance, by using the words “you” and 
“I”, using a conversational tone, and having part of the instructor (e.g., a hand) visible, all 
act to induce social cues (Moreno & Mayer, 2007; Fiorella & Mayer, 2016). 

One particular style of multimedia that lends itself to application of these ideas, in addition 
to some other benefits, is the digital chalk-talk (DCTs; Rana et al., 2017; Roberts et al., 
2018). In DCTs, teachers narrate whilst creating handwritten words and pictures on a blank 
screen. DCTs lead to higher learning engagement and more positive attitudes (Kaplowitz, 
2018; Roberts et al., 2018) meeting the requirements of CATLM. The most famous 
proponent and resource for this style of video is the Khan Academy 
(www.khanacademy.org). Founded in 2006 by Salman Khan, it has >10 million unique users 
per month as of February 2014, projected to be much higher now (Murphy et al., 2014). 
DCTs used outside of class as part of a flipped classroom were shown to enhance student 
learning in medicine (Roberts et al., 2018). In a comparison of animated hand-written 
videos, animated typed videos and static typed videos, there was significant support for the 
benefits of animated hand-writing (Kaplowitz, 2018). Teacher voice was even judged as 
more dynamic in hand-written animations despite being identical in the typed treatments 
(Kaplowitz, 2018).  

However, there are concerns that DCTs could lead to cognitive overload. Encouragingly, 
preliminary research suggests that DCTs can actually reduce load by implicitly using many of 
the solutions described above, such as signalling key information by leading gaze through 
motion (Kaplowitz, 2018). Rana et al. (2017) offer specific tips for producing these videos 
based on the authors’ experience and CTML (Mayer & Moreno, 2003; Mayer, 2010), which 
tackles this issue. 

Despite a gradually increasing amount of research into the efficacy of digital chalk-talks that 
suggests they promote learning, many of these studies are limited by small sample size, 
short time frames, lack of control groups or other methodological constraints, which means 
the empirical evidence is unresolved (Murphy et al., 2014; Fiorella & Mayer, 2016; Kelly & 
Rutherford, 2017; Rana et al., 2017; Cabı, 2018; Kaplowitz, 2018; Roberts et al., 2018). Yet, 
the available evidence combined with the fact that DCTs meet the theoretical requirements 
of key understanding in this area of educational research suggests that they are an 
important tool to test further through implementation. 

DESIGNING IN-CLASS EXERCISES 
The contact time between the teacher and the learner in a flipped classroom centres 
around the learner undertaking a task, usually with a practical element and often in groups, 
under the guidance of the teacher. The student benefits from collaborative learning (Smith 
& MacGregor, 1992; Smith et al., 2009), immediate explanatory feedback (and the 
associated permission to learn through failure) (Moreno & Greenwich, 2005), and an 
opportunity to reach the higher levels of Bloom’s taxonomy without quitting due to 
frustration (Moreno & Mayer, 2007). Information that was integrated into long-term 
memory effectively outside class using DCTs (or similar tools) can be used flexibly in new 
contexts. The literature for this style of learning is vast and offers clear support so I will 
cover it only briefly.  

http://www.khanacademy.org/
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STEM students exposed to active learning rather than traditional lecturing were 1.5 times 
less likely to fail the course, and this advantage was demonstrated most strongly in class 
sizes of under 50 students (Freeman et al., 2014). More specifically relevant for ecology is a 
large-scale study of in-class exercises designed to mould “21st century conservationists” 
(Bravo et al., 2016; Porzecanski & Bravo, 2018). These exercises aimed to improve data 
analysis skills, including interpretation and conclusion drawing amongst groups of students 
in ecology, environmental science and biology courses at both undergraduate and 
postgraduate level. Exercises were developed as open source content with clear rubrics 
describing open-ended questions, pre-exercise teaching material and final solutions, all 
available on the Network of Conservation and Practitioners (NCEP) website 
(http://ncep.amnh.org). In this set-up, light teaching interventions worked as well as 
intensive intervention, although this observation might have been driven by different class 
compositions (Bravo et al., 2016). Nevertheless, it is encouraging that the perceived 
teaching load can be lower than originally thought. Improvements were seen in data 
analysis over one semester, although less so in higher level interpretative skills (Bravo et al., 
2016). It could be that cognitive overload prevented these skills from being attained and 
that use of more appropriately designed outside class resources to prepare the students 
could free up cognitive capacity to work on these skills in class. Regardless, these freely 
available exercises are a fantastic resource that can be adapted for use in specific courses. 

Activities must be well designed to prevent negative outcome of this teaching style. In some 
cases, students “check out” of classroom activities, particularly where exercises are passive 
or where the student has not yet reached the appropriate stage in their learning 
development. Flipped classrooms require awareness of where students start from and their 
individual journeys towards self-advocacy (Kegan, 1982; Entwistle, 2009; O’Donovan, 2017).  

CONSIDERING INCLUSIVITY 
Surprisingly, given its ethos to improve the learning environment, issues of inclusivity have 
received minimal attention in the context of flipped classrooms (Munroe & McMullin, 
2009). This might be due to an implicit assumption that using active learning makes a class 
more inclusive in itself. However, it is imperative to address this issue because newly 
enrolled undergraduates nationally with a disability increased from 1.18% to 5.11% 
between 1995 and 2005 (Munroe & McMullin, 2009) and in 2016/2017 has risen to 14% 
(HESA, 2018). These numbers represent significant proportions of the student population 
and, as class sizes tend to be in excess of 20, suggest that every class will have multiple 
disabilities present. Specifically within Lancaster Environment Centre (LEC), which runs the 
Ecology & Conservation degree programmes, undergraduates declaring a disability doubled 
from 2008 to 2018 (Fig. 2). 

http://ncep.amnh.org/
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Fig. 2. Undergraduate students with declared disability on entry to Lancaster Environment Centre, LU, by year 
of entry. Trend line determined by linear regression. 

Initial research suggests that the collaborative learning, self-paced discovery and immediate 
feedback available through a flipped classroom can be beneficial for students requiring 
different approaches to learning (Altemueller & Lindquist, 2017), but the extent to which 
this research applies to higher education is unclear. Here I draw attention to issues around 
ensuring inclusivity and accessibility of flipped classrooms with a focus on higher education.  

Digital chalk-talks 
One of the most positive attributes of DCTs from an accessibility perspective is the ability to 
view the material at a learner-directed pace (Moreno & Mayer, 2007). This option enhances 
student learning by reducing stress (Marlowe, 2012) and aiding “segmentation” by making it 
easy to pause the material and gain sufficient processing time. Pairing video-learning with 
an online support tool such as Moodle can lead to even more positive attitudes, particularly 
for lower achieving students (Nouri, 2016). In general, flipped classroom models have been 
shown to particularly improve grades of lower-achieving students (Bergmann & Sams, 
2012). More broadly, flipped classrooms can offer significant benefits for widening 
participation by allowing students that would previously have experienced both internal 
(e.g., low confidence) and external (e.g., material delivered too fast) barriers to higher 
education to obtain and process information.  

However, there are also significant challenges to ensuring inclusivity and accessibility of 
DCTs. A practical danger is the assumption that students are able to access these resources 
(Pickering & Roberts, 2018). I will not dwell on this issue here because in the LU context, 
most students can access computing and internet resources relatively easily through either 
their personal devices or through the library. Exceptions are possible however, and extra 
care should be afforded to ensure those students have access. For example, a student might 
have no access to a personal device and be restricted in the time they can spend on campus 
due to caring or employment responsibilities. 

Reliance on DCTs to deliver information can also create problems for hearing or visually 
impaired students (Munroe & McMullin, 2009). Some solutions are relatively simple. For 
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example, to enable colour-blind individuals to take advantage of signalling, the teacher can 
ensure the use of appropriate colours that can be distinguished from one another (Munroe 
& McMullin, 2009). However, for more severe disabilities there are more difficult design 
conflicts, namely that adherence to CTML and CATLM principles in DCTs relies on using both 
audio and visual channels to prevent cognitive overload (Mayer & Moreno, 2003; Moreno & 
Mayer, 2007; Mayer, 2010). For students where one of these channels is impaired, the more 
solutions to cognitive overload could in fact obstruct their capacity for information uptake. 
For instance, eliminating redundancy requires that spoken words are not also written on 
screen; however, the hearing-impaired student, or student without access to headphones in 
a public place, will miss this information. This leads to a conflict between reducing cognitive 
load and accessibility (Matheson & Matheson, 2009).  

One solution is to use closed captions on all DCTs (Munroe & McMullin, 2009), preferably 
with the option to turn these off so others are not overloaded visually. While this will solve 
the problem of missing information, it reignites the problem of cognitive overload because 
the student now needs to use the visual channel for all information. Similarly, for visually-
impaired students, narration needs to contain additional information to enable signalling, 
yet this becomes contrary to weeding of extraneous information if the video is designed for 
visually-impaired and unimpaired alike. Instead of alternative design, which has the 
potential to marginalise those with disabilities and increase workload for the designer, we 
should aim to use principle of universal design, which suggests the process should 
incorporate as many people as potential learners as possible (Munroe & McMullin, 2009; 
Burgstahler, 2015).   

In-class sessions 
Active learning is demonstrably beneficial for many learners (Prince, 2004; Freeman et al., 
2014; Bravo et al., 2016; Cheng et al., 2016). Many of these benefits are grounded in the 
original motivations for introducing flipped classrooms: the teacher has more time to 
devote to one-on-one contact with learners so can help struggling students, provide 
immediate corrective feedback, and respond dynamically to lack of understanding 
(Bergmann & Sams, 2012). In particular, it appears to offer disproportionate benefits to 
those from disadvantaged backgrounds (Haak et al., 2011) and for female students in male 
dominated fields (Lorenzo et al., 2006). Therefore, flipped classroom approaches can 
improve student diversity and lead to a more inclusive teaching environment. More 
generally, collaborative learning, which is often a key feature of the in-class side of flipped 
classrooms, improves student learning (Smith & MacGregor, 1992; Smith et al., 2009).  

However, this style of learning also generates some additional challenges. Collaborative 
learning can elicit anxiety in students with low confidence or introvert personalities. As a 
result, students can end up “checking out” of activities (White et al., 2014), and can find 
activities socially inhibiting (Pickering & Roberts, 2018). High anxiety levels are also 
detrimental from a learning perspective: deep learning and intrinsic motivation are best 
encouraged by creating a low-anxiety environment (Perkins & Ritchhart, 2004; Entwistle, 
2009). In contrast, students have reported an increased confidence after courses that 
involve multiple in-class exercises, although this confidence is not necessarily correlated 
with gain in skills when they are assessed independently (Bravo et al., 2016). 
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In-class exercises can also generate problems for students who are visually or hearing-
impaired. In particular, fast-paced noisy group activities used to consolidate learning might 
be challenging. Clear instructions to speak one at a time and to face the fellow members of 
the group to facilitate lip-reading are possible improvements (Craig & Zinkiewicz, 2010).  

CONCLUSION 
Evidence for flipped classrooms remains rooted in studies with imperfect designs, yet the 
preliminary data and strong grounding in cognitive theory suggest that it is ethical to apply 
this approach now. It is only by increased application across a variety of subjects and 
learners that we will obtain the evidence necessary to make a more informed judgement on 
its value.  

In my application of this approach to Coral Reef 
Ecology, I have developed resources that deliver 
greater skills development than is possible in more 
traditional approaches. Whilst I did not use a split 
class to test control (classic approach) against 
treatment (flipped approach) and had a small 
sample size, limited course feedback (n = 7) suggests 
that students felt they had improved in confidence 
at many of the skills we practiced, particularly in 
data interpretation, identification skills, applying 
knowledge to conservation, and communication 
with non-scientific audiences. When asked to rate 
the in-class exercises from worst to best, the 
students opinions differed greatly, emphasising the 
fact that individuals learn in different ways. Specific 
feedback on these sessions included “Honestly they 
were all great”. However, these sessions and the 
workshops did elicit some anxiety: “…being 
separated from my friends and then having to stand 
up and present was quite stressful”, which requires continued mindfulness. Digital chalk-

talks were rated well (Fig. 3) with all aspects achieving  4 on a scale of 1 (worst) to 5 (best). 
On the same scale, students scored whether they felt the skills developed in class would 
help with their final exam as 3.4, which was interesting given that they mostly felt their skills 
had improved. In summary, the feedback, although very limited in sample size, suggests that 
the module was successful. 
 

The use of flipped classrooms at LU will be most successful if they are adopted broadly 
across year groups and modules, with coherence of approach throughout a student’s entire 
degree programme, requiring support at both the faculty and institutional level. Flipped 
classroom participation would benefit if this approach was set as a clear expectation at the 
beginning of the degree programmes rather than appearing ad hoc according to the 
preference of individual lecturers. This lack of consistency provides a strong challenge to the 
“student’s way of knowing” that can be met with anxiety as it doesn’t fit with how they 
understand teaching (Kegan, 1992; O’Donovan 2017). Therefore, university or department 
level direction, encouragement and training to assist in implementation of these more 
innovative teaching techniques would allow them to be applied earlier and more 

Fig. 3. Student feedback for Coral Reef 
Ecology module on a scale of 1 (worst) to 5 
(best) for course navigation and multiple 
aspects of digital chalk-talks (DCTs). 
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consistently in the students’ university experience. Previous research suggests they will be 
accepted more easily as the students have not yet settled in to more passive forms of 
delivery (Hewitt, 2017). Moreover, evidence suggests that students’ deep learning declines 
throughout their degree as the focus on grades increases (Wise et al 2004) further 
emphasising the need to integrate such approaches at an early stage. More broadly, these 
approaches rely on intrinsic motivation and inclination of the student (Entwistle, 2009; 
Perkins & Ritchhart, 2004), whereas informal feedback suggested that students were more 
extrinsically motivated to gain good grades. These considerations could be incorporated into 
changes to programme design and the replacement for PQR envisaged over the next few 
years within LU. Broad support would allow the true power of flipped classrooms to be 
harnessed without barriers formed through indoctrination to passive approaches. 
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