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Abstract: In the last few decades, many important discoveries have been made in the field of education
research. Few have been more influential than Dr. Donald Bligh’s discovery that lectures are an
inefficient method for student retention of new information. In the years following Dr. Bligh’s discovery,
science education in the US has witnessed a significant change in focus away from lecture-styled
approaches that emphasize memorization towards interactive approaches focusing more on the training
of skill competence. A range of research has employed the principles of scientific teaching with great
success to investigate a wide array of different learning methods, resulting in the development of
powerful education platforms such as active learning and authentic research experiences (ARES). This
article reviews some of the education literature behind scientific teaching, active learning, and AREs,
ending with a short commentary about the immense potential for the application of these systems in
higher education in the Middle East, both as a process of improving educational outcome as well as
enhancing the efficacy of pedagogy as a research subject.
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1. Education as research.

In the last few decades, many important discoveries have been made in the field of education
research. Few have been more influential than Dr. Donald Bligh’s discovery that lectures are inefficient
methods for students to retain new information [1, 2]. Not surprisingly, Dr. Bligh’s results were greeted
with some degree of skepticism [3, 4]. However, follow-up research conducted by a number of other
authors has since confirmed that most students tend not to remember much when taught using a lecture-
styled format [5-7]. This ineffectiveness has been demonstrated in knowledge learning [8-10] and found
to be an even greater issue in skill learning [11-13]. In academic fields such as the sciences, which rely
on the acquisition of laboratory expertise, skill learning is especially important, often considered a basic
foundation for training good scientists [14-16].

In the years following Dr. Bligh’s discovery, science education in the US has witnessed a
significant change in focus away from lecture-styled approaches that focus on knowledge towards
interactive approaches focused more on skill training [17, 18]. In 2004, Dr. Jo Handelsman and
colleagues published their seminal paper in Science entitled “Scientific teaching”. This paper described
the critical importance of using scientific methods to investigate the effectiveness of pedagogy [19, 20].
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This process essentially involves designing and conducting experiments on various learning methods to
produce statistically relevant data about educational outcomes, data that allows a determination about
whether the methods were effective. As coined in the title of their paper, this process is known as
scientific teaching.

Since this seminal work by Dr. Handelsman, a wide range of research has employed the
principles of scientific teaching with great success to investigate many different learning methods [21,
22]. The use of technology in the classroom, for example, has been one of the areas studied extensively
[23-25], as has the use of class activities employing group discussion strategies [26-28]. Both of these
concepts, when employed in the right way, have been shown to be extremely successful in improving
learning gains. The usefulness of inquiry-based learning systems [29, 30] and the development of new
techniques for helping students understand and approach primary literature [31, 32] have been some of
the many significant improvements in science education. In the US, many of these new learning
techniques have been joined into different combinations to realize significant improvements in student
outcomes, both in the classroom [33, 34] and on an institutional level [35].

2. What is active learning?

One of the combinations of new learning methods that has been particularly powerful and
influential in the US is active learning [36, 37]. At its roots, the active learning system involves
redesigning the activities occurring in-class to improve student interactions and feedback by
implementing controlled problem-solving activities [38, 39]. These activities are specifically designed
to focus student and instructor attention on the process of learning how to apply knowledge rather than
simply memorize it, the latter of which is usually the goal in a lecture-based system. By emphasizing
the majority of in-class time on problem-solving, active learning gives students the chance to receive
more feedback and attention from instructors in developing their knowledge-use skills [40].

The strengths and advantages of active learning have been studied extensively in the last decade.
Across the board, active learning has been shown to be very effective in improving learning gains [41,
35], yielding better student grades [42, 6], improving the retention of class material [43,44], and even
improving student interest levels in various topics [45, 46]. A central principle of the active learning
system is the idea of a “flipped classroom”, a concept sometimes also referred to as “reverse design”
[47-49]. A flipped classroom describes a situation in which the traditional in-class and out-of-class
activities are reversed.

In traditional lecture classes, for example, new material is usually presented to students in class
through lectures. In most science classes, out-of-class time is then used by students to work on assigned
problems sets. These problems sets require the students to apply things they were shown in the lectures.
There are two main shortcomings that arise through this traditional arrangement. The first is found in
the simple fact that students do not tend to remember much of what they were told in lectures. We know
this from Dr. Bligh’s original work and in the wealth of follow-up research [1, 2, 5-7]. Since the problem
sets require students to have this foundational knowledge, the lack of retention from lectures puts a lot
of pressure on them to learn the bulk of the material by themselves. The second shortcoming is found in
the fact that students receive very little feedback when they are working on the problem sets, making
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the acquisition of problem-solving skills an independent endeavor with little instructor oversight [50,
51].

In the active learning system, this traditional arrangement of activities is flipped. In active
learning, new material is introduced to students outside of the class, usually through online lectures or
assigned readings [52, 53]. At the same time, the problem sets become in-class activities. Not only does
this new arrangement allow for more feedback from instructors, the installation of a group problem-
solving environment, another common element of active learning, allows for students to receive
feedback from each other, allowing for much better retention of the material and faster learning [54, 6].
This allows the process of cooperative learning to enhance the pedagogical process while simultaneously
bringing the more difficult of the two tasks--namely, learning new material and then applying it--under
the direct supervision of instructors. Since most exams in science usually involve assessments of
problem-solving ability, this rearrangement can also result in direct improvements of student grades [42,
6].

3. Assessments for educational outcomes

Because of the wide range of different learning approaches and the staggering breadth of things
that students need to learn, a very active area of current education research has revolved around the
design and implementation of new assessment tools which attempt to quantify student outcomes with
statistical significance [55-57]. As described above, such tools have been used to quantify things such
as student retention of new material [58-60] and problem-solving skill competence [61-63]. Both of
these types of tools have been very important in establishing the usefulness of scientific teaching.

Another active area of research has been the design and implementation of tools that gauge
student attitudes about classes, learning methods, instructors, and curricula [64-67]. These tools have
been especially useful in uncovering the power of cooperative learning [68-70] while also allowing
educational researchers to realize that there can exist a wide range of variability in the ways different
students respond to the same teaching technigue, even when this technique is applied in the same way
to the same academic subject. These results have had significant implications in helping educators better
understand the conditions that facilitate more inclusive learning [71-73].

Perhaps the rapid expansion of new assessment tool development is one of the most significant
and important innovations driven by scientific teaching [74, 75]. Not only is the study and design of
new tools currently a cutting-edge topic in education research, the deployment of existing tools in new
situations or new cultural contexts is one of the concepts with wide reaching applicability, an untapped
opportunity for education researchers in most countries, especially those with emerging education
infrastructure. An especially interesting area of development is the construction and deployment of
assessments for measuring skill competence [76, 77]. Recent developments in this area have clearly
indicated that skill competence is something that needs to be measured with focused specificity. For
example, an assessment that measures a student’s ability to understand and apply genetics knowledge
on paper does not necessarily predict that student’s ability to use this knowledge in the lab, creating an
important distinction about the relationships between discrete skills, creating the need for many different
assessments.
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In a general sense, perhaps the most important lesson to be learned from the abundance of
education research hitherto generated through scientific teaching is the idea that just having the
instructor explain something is not enough. Most teachers often subscribe to the misconception that
explaining something once or twice should be sufficient for students to remember that information
accurately and over long periods of time. Scientific teaching research clearly shows this is not true [78,
79]. Instead, a common thread that has emerged from the research is that the long-term retention of new
material seems to require students to apply that information in some way, usually more than once, a goal
that active learning is specifically designed to achieve [38, 39]. The distinctions between a student’s
recognition of a new word, his or her ability to define it, and the ability to apply it are things presented
in self-evident fashion in Bloom’s pyramid, a conceptual model found in psychology that organizes
these and other modes of thinking into a structured hierarchy, showing that one must precede the other,
something that has now been confirmed experimentally [80, 81].

4. Authentic research experiences

Active learning is not the only implement in science education that can be used to focus more
time and attention on skill development. In traditional science education, classes are typically divided
into two types: lecture and lab. Lectures are where new content knowledge is supposed to be delivered
whereas labs are where students are expected to apply this new knowledge. The problem with traditional
lab classes is that they are built like cookbooks, with everything explained beforehand and nothing new
for students to discover [82, 83]. This is despite the fact that many science students actually join science
because of their desire to discover, often leaving many disappointed about the lack of discovery-oriented
intellectual stimulation in their course work [84, 85].

In the last few years, some universities such as Yale and Stanford, have started to implement
new types of lab courses that specifically gives students the chance to make discoveries [86, 87]. One
of these new types is something called the authentic research experience (ARE). An ARE is a lab course
that is designed around a real research question that gives students the chance to discover. This inquiry-
based approach is especially advantageous in lab classes because they allow students to practice critical
research skills that would otherwise not be practiced in a traditional cookbook lab [88-90]. For example,
in a cookbook lab, students are usually given a lab manual that explains everything that could possibly
happen with their experiment, depriving them of the chance to make predictions about the experiment
or troubleshoot problems, two critical skills that need to be practiced.

In an ARE, on the other hand, students do not possess this information. Instead, they are given
an experimental question and some guidelines with which to make decisions about how they will
conduct the experiment, resulting in a more realistic simulation of real research, a process that invariably
requires the participants to deal with various levels of the unknown. At each step in the experiment,
students are allowed to think about that step, sometimes by making hypotheses or designing
experimental parameters while, at other times, implementing those parameters and troubleshooting the
results. This process allows for a much more “authentic” experience in which students practice more of
the actual research skills they will need as researchers. In addition to the improvement in the skills
practiced, AREs also give students a strong sense of ownership over their experiments, heightening the
level of satisfaction and enjoyment while stimulating the desire to discover and learn through discovery
[88-90].

132



Middle East Journal of Science (2017) 3(2):129 - 139 I!(‘

If designed well, an ARE can be used as a platform for generating real experimental data. Fudan
University, for example, has recently implemented a large-scale ARE program called BIOS [91]. This
program is a summer ARE with six topical tracks: biochemistry, cell biology, fly genetics, fish genetics,
mouse genetics, and plant biology. Undergraduate participants receive training in two of these tracks
over a period of eight weeks. Not only do the experiments in each track function as practice and lab
training, some also yield real results of scientific significance, results that research labs are interested
in. By training the students in the techniques that generate these results, the BIOS program functions as
a focused system for training students in skills that are in demand by real research labs, labs that also
participate in the training process by volunteering graduate students to work as teaching assistants.

5. Opportunities outside the US

Despite the significant amount of time during which scientific teaching has been developed and
employed in the US, its use in other countries has been sluggish. In European countries, for example, a
general awareness of flipped classrooms has only just begun to take hold. Nevertheless, it remains a fact
that the vast majority of scientific teaching research is predominantly of US origin. One of the main
reasons for this difference can be found in the lack of a centralized institution in Europe that active
supports the dissemination of knowledge about scientific teaching. In the US, this role is taken up by
the Howard Hughes Medical Institute (HHMI). Over the last few decades, HHMI has invested hundreds
of millions of dollars into the development of various scientific teaching and active learning programs,
a level of support that European countries simply have not yet enjoyed [92, 93].

The level of scientific teaching awareness in Asia has been very similar to that in Europe,
characterized by some recognition of key concepts and the lack of a centralized authority actively
pushing for reforms. Even in the sciences, an academic area that countries such as Japan, South Korea,
and China have generally shared a favorable global reputation for, the implementation of class designs
with scientific teaching or active learning principles remain almost totally non-existent. The concept of
a flipped classroom has been implemented to various degrees in a few isolated academic settings, but
these implementations have been met with mixed results usually leaning towards the negative. A main
reason for these failures can be found in the fact that these class flipped designs have generally been
implemented alone, without the simultaneous inclusion of other critical aspects of the active learning
system such as statistically significant assessments or the installation of a cooperative learning
environment that enhances feedback and interactivity.

Given the convincing nature and wealth of experimental support for the advantages of scientific
teaching and active learning, it becomes difficult to say that the adoption of these two platforms outside
of the US, especially in science classes, can be anything other than inevitable. For countries in the
Middle East, the implementation and application of these new principles should be a significant step in
improving the quality of education through enhancements of student outcome. From a policy and
leadership perspective, there exists immense potential for a few diligent educators to take up the cause
of scientific teaching and be the first to begin the implementation of these advanced forms of pedagogy.
Not only will this courage be rewarded with the development of a new area of research in the region but
the fruits of this labor will go to benefiting those who are the most important and most deserving: our
students.
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