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History of Inquiry 
Based Science 

Education 

 



Inquiry learning has been used as a teaching 
and learning tool for thousands of years, 
however, the use of inquiry within public 
education has a much briefer history.  

 Ancient Greek and Roman educational 
philosophers focused much more on the art 
of agricultural and domestic skills for the 
middle class and oratory for the wealthy 
upper class.  



It was not until the Enlightenment, or 
the Age of Reason, during the late 17th 
and 18th century that the subject of 
Science was considered a respectable 
academic body of knowledge. Up until 
the 1900s the study of science within 
education had a primary focus on 
memorizing and organizing facts.  

   



John Dewey, a well-known philosopher of 
education at the beginning of the 20th 
century, was the first to criticize the fact that 
science education was not taught in a way to 
develop young scientific thinkers. Dewey 
proposed that science should be taught as a 
process and way of thinking – not as a subject 
with facts to be memorized. While Dewey 
was the first to draw attention to this issue, 
much of the reform within science education 
followed the lifelong work and efforts of 
Joseph Schwab.  



Joseph Schwab was an educator who 
proposed that science did not need to be 
a process for identifying stable truths 
about the world that we live in, but 
rather science could be a flexible and 
multi-directional inquiry driven process 
of thinking and learning. Schwab 
believed that science in the classroom 
should more closely reflect the work of 
practicing scientists.  

 



Schwab developed three levels of open inquiry that 
align with the breakdown of inquiry processes that 
we see today.  

1- Students are provided with questions, methods and 
materials and are challenged to discover relationships 
between variables. 

2- Students are provided with a question; however, 
the method for research is up to the students to 
develop. 

3- Phenomena are proposed but students must 
develop their own questions and method for research 
to discover relationships among variables. 

 



Today, we know that students at all levels of 
education can successfully experience and 
develop deeper level thinking skills through 
scientific inquiry. The graduated levels of 
scientific inquiry outlined by Schwab 
demonstrate that students need to develop 
thinking skills and strategies prior to being 
exposed to higher levels of inquiry. Effectively, 
these skills need to be folded by the teacher or 
instructor until students are able to develop 
questions, methods, and conclusions on their 
own.  



A catalyst for reform within North American 
science education was the 1957 launch of 
Sputhik, the Soviet Union satellite. This 
historical scientific breakthrough caused a 
great deal of concern around the science and 
technology education the American students 
were receiving. In 1958 the U.S. congress 
developed and passed the National Defense 
Education Act in order to provide math and 
science teachers with adequate teaching 
materials. 

 



America's National Science Education Standards 
(NSES) (1996) outlines six important aspects pivotal to 
inquiry learning in science education. 

1-Students should be able to recognize that science is 
more than memorizing and knowing facts. 

2-Students should have the opportunity to develop 
new knowledge that builds on their prior knowledge 
and scientific ideas. 

3-Students will develop new knowledge by 
restructuring their previous understandings of 
scientific concepts and adding new information 
learned. 

 



4-Learning is influenced by students' 
social environment whereby they have an 
opportunity to learn from each other. 

5-Students will take control of their 
learning. 

6-The extent to which students are able to 
learn with deep understanding will 
influence how transferable their new 
knowledge is to real life contexts. 

 



Important issues related to 
the inquiry based learning 
and teaching of sciences 

 



1-What is inquiry?  

– The Characteristics.  

Inquiry based learning is a constructivist 
approach where the overall goal is for 
students to make meaning.  While 
teachers may guide the inquiry to various 
degrees (externally facilitated) and set 
parameters for a classroom inquiry, true 
inquiry is internally motivated. 

 



Inquiry based learning is an umbrella 
term that incorporates many current 
learning approaches (including 
project based learning, design 
thinking) and may take various forms, 
depending on the topic, resources, 
ages and abilities of students and 
other variables.  

 



The following are characteristics that serve as 
hallmarks of inquiry based learning:  

• Equal emphasis on process (communicating, 
reflecting, collaborating, analyzing, etc.,) and 
content.   

• Genuine curiosity, wonderment and 
questioning (by teachers AND students) are 
central. 

• Student ‘voice’ is evident – elements of the 
curriculum / learning are negotiated and 
student questions are taken seriously and 
addressed. 

 



• Prior knowledge is ascertained and built upon – 
formative assessment and subsequent planning is 
essential. 

• Significant concepts and essential questions are 
identified which unify knowledge and 
understandings. 

• Students are actively involved in constructing 
understandings through hands-on experiences, 
research, processing and communicating their 
understandings in various ways. 

• Learning takes place in a social context – students 
learn from each other, together with others, and from 
those outside of the classroom context  



• There is an assumption that understandings 
are temporal and are constantly reviewed and 
refined on the basis of new learning and 
questions – therefore inquiry is ‘recursive’ in 
nature.  

• Reflection, metacognition and depth of 
thought are valued and planned for assessment 
is ongoing and clear criteria link performances 
/ products to rigorous curriculum goals. 

• Learning leads to action – informing / sharing 
with others, implementing change, advocacy 
or taking up further questions or learning. 



2-What is inquiry based learning of 
sciences? 

In this sense, inquiry-based science 
involves students doing science where 
they have opportunities to explore 
possible solutions, develop explanations 
for the phenomena under investigation, 
elaborate on concepts and processes, and 
evaluate or assess their understandings in 
the light of available evidence. 



The inquiry learning model 
utilizes hands-on activities as a 
way to motivate and engage 
students while teaching 
concepts. It stresses the 
development of knowledge in 
individuals through active 
thinking. 

 



















Phases of Inquiry Based Learning Approach 



3-What is the relation between 
inquiries based instruction and active 
learning and students' attitudes? 

Inquiry based instruction begins with a 
question to be answered.  Active learning 
and inquiry based instruction go hand in 
hand. 

- Prince (2004) explains that active 
learning is, “always active and usually 
(but not necessarily) collaborative or 
cooperative,”.   



- Bishop and Verger (2013) go further stating 
that, “active learning acts as a superset for 
both peer-assisted and problem-based 
learning approaches,”.  

- They go on to define both active and 
inquiry classrooms as student centered 
learning modalities that work well 
when combined with the flipped 
classroom.   

 



Student attitude impacts student 
performance.  Research by Struyven 
(2005) has shown that active learning 
environments enable students to achieve 
a deeper understanding.  Active learning 
helps students learn more thoroughly, 
have a more positive attitude and have a 
greater ability to overcome perceived 
misconceptions. 



In Lopatto, 2007 study of undergraduate 
students from over forty colleges and 
universities, researchers found that 
ninety-one percent had a positive 
experience in an active learning 
environment and that sixty-eight percent 
reported an increase in science interest.   



According to Struyven (2013), students in 
her active learning study enjoyed 
variation in assignments, challenging 
assignments and found a deeper 
connection between activities and 
readings.  Learning connections are more 
easily made with active learning building 
confidence and increasing student 
satisfaction.   
 



4-What is inquiry based teaching? 

Inquiry-based learning (also enquiry-
based learning in British English) is a 
form of active learning that starts by 
posing questions, problems or 
scenarios—rather than simply 
presenting established facts or 
portraying a smooth path to 
knowledge.  



The process is often assisted by a 
facilitator. Inquirers will identify and 
research issues and questions to develop 
their knowledge or solutions. Inquiry-
based learning includes problem based 
learning, and is generally used in small 
scale investigations and projects, as well 
as research. The inquiry-based instruction 
is principally very closely related to the 
development and practice of thinking 
skills.  

 



Inquiry defined as multidirectional 
activities where the students make 
observations, ask questions, gather 
information from a variety of sources, 
planning and carrying out the 
investigation, using evidence to explain 
the question, use the tool to search, 
collect and interpret data; propose 
answers, questions, and predictions; and 
communicate the findings. 

 



Most students have experience with the 
direct instruction teaching approach. 
Classes are lecture based and learning is 
facilitated by the instructor.  This method 
of teaching implies that lectures are given 
in class and the lecture is often the first 
time students are exposed to material.  
Students are given practice problems or 
activities to help reinforce concepts 
taught by the instructor and are 
eventually tested on their knowledge.  



This method places the 
responsibility of learning on the 
teacher and his or her ability to 
deliver the material and keep 
students motivated.  Arguments 
can be made that an advantage to 
this approach is that students 
clearly understand objectives and 
goals.  



Current educational practices, according to 
Sesen and Tarhan (2010), have been moving 
away from direct instruction. The “teacher as 
an information-giver to passive students 
appears outdated and active learning methods 
requiring actively participating students have 
begun to take more interest to help students,”. 
 

- In lab-based inquiry learning, students are 
encouraged to use more high-level thinking 
skills, including the ability to think creatively.  



Despite using more time than conventional lab, 
lab-based inquiry could encourage students to 
design their own steps of investigation based 
on the problems that arise after their 
observations of the phenomenon. Teachers 
should be able to design appropriate learning 
model according to the times. Therefore as one 
of the students determining factors in 
achieving certain competence, teacher needs 
to be improved to mention his ability on a 
regular basis. 



Teacher Ability to Design Inquiry-based Lab: 
There are seven aspects that could be expected 
to support the development capabilities of 
designing lab: (1) determine the purpose of 
laboratory activities, (2) determine the type of 
trial, (3) determine the tools and laboratory 
materials, (4) determine the test series and 
describes the diagram, (5) to plan their own 
experimental procedures, (6) develop inquiry-
based worksheets, and (7) designing evaluation 
laboratory activities. 



Current educational literature suggests 
that inquiry based learning provides a 
richer educational experience for the 
learner.  Studies over thirty years have 
lead us to believe that the inquiry based 
learning model is a more effective 
learning platform than other passive 
types of teaching methods.  



The inquiry learning approach is 
characterized by a focus on concepts that 
are connected, engaging students in 
activities that allow development of ideas 
based on outcomes, an emphasis of 
learning methods which test hypotheses 
and the belief that content and processes 
are components that reinforce learning.  
This type of learning is student driven as 
opposed to direct instruction which is 
driven by the teacher.  



Students work through the experiment, 
analyze information and make determinations 
based on observations. Through this process, 
they are able to understand from first hand 
practice how and why things happen in the 
physical world.  In the science classroom, labs 
are an essential component to learning.   

Minner, Levy and Century (2010) believe that 
utilization of, “hands-on experiences with 
scientific or natural phenomena were found to 
be associated with increased conceptual 
learning,” . 



The lab experience begins with an 
observation or the posing of a question. 
An experiment is then designed to solve 
the problem. Through inquiry based 
learning, students are able to verify or 
refute preconceived beliefs through first 
hand, hands on experience in the lab. The 
benefits of inquiry based lessons for 
learning in the science classroom are 
many.   



In a study performed at the University 
of Georgia, researchers studied 
students taking an inquiry based non-
major Biology course and found 
statistically that, “inquiry lab 
students demonstrated small but 
significant gains in science literacy 
and science process skills compared 
to students enrolled in the traditional 
cookbook labs,”. 



Seen and Tarhan (2010) found 
statistically that, “applications 
cause a significantly better 
acquisition of scientific 
conceptions, and ensure positive 
attitudes toward chemistry lesson 
in comparison with traditional 
instruction,”. 



5-What are inquiry-based classrooms 
features: 

- Inquiry-based classrooms featured in the 
studies allowed students to confront problems, 
generate and test ideas for themselves, and 
apply them to new problem situations.   

- Students make better connections and 
become more engaged in the material in that it 
becomes more meaningful when they are able 
to pose the questions. More time can be spent 
in the classroom exploring concepts and 
developing skills. 



6-Why inquiry is based learning 
important? 

Inquiry-based learning also gives students 
the opportunity to develop stronger 
relationships with their classmates, 
improve their communication skills, and 
increase the confidence they have in their 
own ideas and ability to contribute in the 
classroom.  

  



7-Why is inquiry a scientific way of 
learning? 

Inquiry-based science challenges 
students' thinking by engaging them in 
investigating scientifically orientated 
questions where they learn to give 
priority to evidence, evaluate 
explanations in the light of alternative 
explanations and learn to communicate 
and justify their decisions.  

  



8- What is inquiry based science 
instruction? 

The 5E model of science instruction is a 
student-centered, inquiry-based process 
that allows students to learn the science 
content with more depth.  

Achievement gaps are closed when 
students are led through an inquiry-based 
multi-sensory learning process.  



9- What is an inquiry based lesson 
plan? 

Students actively participate in inquiry 
learning experiences by developing 
questions and investigating to find 
solutions.  

... Though inquiry learning is a component 
of all areas of the curriculum, 
mathematics and science is the focus of 
the elementary inquiry lessons. 



10- What is inquiry method of 
teaching? 

The inquiry approach is more focused 
on using and learning content as a 
means to develop information-
processing and problem-solving skills. 
The system is more students 
centered, with the teacher as a 
facilitator of learning. 



11- What are learning methods? 
- Visual (spatial): You prefer using 
pictures, images, and spatial 
understanding. 

- Aural (auditory-musical): You prefer 
using sound and music. 

- Verbal (linguistic): You prefer using 
words, both in speech and writing. 

- Physical (kinesthetic): You prefer using 
your body, hands and sense of touch. 



12- What is demonstration method? 

A method demonstration is a teaching 
method used to communicate an idea 
with the aid of visuals such as flip charts, 
posters, power point, etc. A 
demonstration is the process of teaching 
someone how to make or do something in 
a step-by-step process. As you show how, 
you “tell” what you are doing. 



13- What is the inquiry approach? 

“Inquiry-based learning is an umbrella 
term, encompassing a range of teaching 
approaches which involve stimulating 
learning with a question or issue and 
thereby engaging learners in constructing 
new knowledge and understandings.” 
Teachers who use these approaches act as 
facilitators of learning. 



14- What is inquiry based pedagogy? 

Inquiry based learning is a broad 
pedagogical approach which has 
enjoyed widespread support by 
educators and education systems 
over the past decade. Inquiry can be 
defined as 'seeking for truth, 
information or knowledge / 
understanding' and is used in all 
facets and phases of life. 



15- What is discovery based 
learning? 

Discovery learning is an inquiry-
based, constructivist learning theory 
that takes place in problem solving 
situations where the learner draws on 
his or her own past experience and 
existing knowledge to discover facts 
and relationships and new truths to 
be learned. 



16- What is scientific inquiry 
based on? 

Scientific inquiry refers to the 
diverse ways in which scientists 
study the natural world and 
propose explanations based on 
the evidence derived from their 
work. 



17- What are the characteristics of 
scientific inquiry? 

The 5 features of science inquiry 
(emphasis is mine) 

1- Learner Engages in Scientifically 
Oriented Questions. 

2- Learner Gives Priority to Evidence 
in Responding to Questions. 



- Learner Formulates Explanations 
from Evidence. 

- Learner Connects Explanations to 
Scientific Knowledge. 

- Learner Communicates and Justifies 
Explanations. 



18- What is an example of 
scientific inquiry? 
For example, sometimes you may make a 
new observation after conducting 
research. Scientists generally begin by 
making an observation.  

They explore and collect information with 
their senses (smell, sight, sound, touch, 
and taste) and ask a question that they 
would like to answer. 



19- What is problem solving 
method of teaching? 
Problem-based learning (PBL) is a 
student-centered pedagogy in which 
students learn about a subject through 
the experience of solving an open-ended 
problem found in trigger material. ...  

The PBL tutorial process involves working 
in small groups of learners.  



20- What is guided inquiry learning? 

The guided inquiry process puts the 
emphasis on scientist in “student-
scientist.” The primary objective of 
guided inquiry is to promote learning 
through student investigation. This 
material is designed to assist teachers in 
targeting higher-level thinking and 
science process skills for their students. 

 



21- What are 3 types of learning? 
Visual, Auditory, and Kinesthetic Learning 
Styles (VAK) The VAK learning style uses 
the three main sensory receivers: Visual, 
Auditory, and Kinesthetic (movement) to 
determine the dominant learning style. It 
is sometimes known as VAKT (Visual, 
Auditory, Kinesthetic, & Tactile).  

 



22- What are the 8 different types of 
learning styles? 

1. The Linguistic Learner. 

2. The Naturalist. 

3. The Musical or Rhythmic Learner. 

4. The Kinesthetic Learner. 

5. The Visual or Spatial Learner. 

6. The Logical or Mathematical Learner. 

7. The Interpersonal Learner. 

8. The Intrapersonal Learner. 

 



Overview of Learning Styles 
Many people recognize that each person prefers 
different learning styles and techniques. Learning 
styles group common ways that people learn.  

Everyone has a mix of learning styles. Some people 
may find that they have a dominant style of learning, 
with far less use of the other styles. Others may find 
that they use different styles in different 
circumstances.  

There is no right mix. Nor are your styles fixed. You can 
develop ability in less dominant styles, as well as 
further develop styles that you already use well.  

  



Using multiple learning styles and multiple 
intelligences for learning is a relatively new 
approach.  

This approach is one that educators have only 
recently started to recognize. Traditional 
schooling used (and continues to use) mainly 
linguistic and logical teaching methods.  

It also uses a limited range of learning and 
teaching techniques. Many schools still rely on 
classroom and book-based teaching, much 
repetition, and pressured exams for 
reinforcement and review.  



A result is that we often label those who use 
these learning styles and techniques as bright. 
Those who use less favored learning styles often 
find themselves in lower classes, with various 
not-so-complimentary labels and sometimes 
lower quality teaching. This can create positive 
and negative spirals that reinforce the belief 
that one is "smart" or "dumb".  

By recognizing and understanding your own 
learning styles, you can use techniques better 
suited to you. This improves the speed and 
quality of your learning.  



  The Seven Learning Styles: 

1. Visual (spatial): You prefer using pictures, images, and spatial 
understanding.  

2. Aural (auditory-musical): You prefer using sound and music.  

3. Verbal (linguistic): You prefer using words, both in speech 
and writing.  

4. Physical (kinesthetic): You prefer using your body, hands and 
sense of touch.  

5. Logical (mathematical): You prefer using logic, reasoning and 
systems.  

6. Social (interpersonal): You prefer to learn in groups or with 
other people.  

7. Solitary (intrapersonal): You prefer to work alone and use 
self-study. 

 

 

https://www.learning-styles-online.com/style/visual-spatial
https://www.learning-styles-online.com/style/aural-auditory-musical
https://www.learning-styles-online.com/style/verbal-linguistic
https://www.learning-styles-online.com/style/physical-bodily-kinesthetic
https://www.learning-styles-online.com/style/logical-mathematical
https://www.learning-styles-online.com/style/social-interpersonal
https://www.learning-styles-online.com/style/solitary-intrapersonal




23-What are the three basic types 
of learning? 

There are three main types of learning: 
classical conditioning, operant 
conditioning, and observational 
learning. Both classical and operant 
conditionings are forms of associative 
learning, in which associations are 
made between events that occur 
together. 

 



24-What are the methods of teaching? 
That is why I would recommend the use of 
complementary methods rather than one method. 

 LECTURE METHOD. A lecture is an oral presentation 
of information by the instructor. ...  

 THE DISCUSSION METHOD. Discussion involves two-
way communication between participants. ...  

 THE DEMONSTRATION LESSON. ...  

 BUZZ GROUPS. ...  

 BRAINSTORMING. ...  

 ROLE PLAYS. 

 

 



25-What is an inquiry based project? 

Inquiry-based project work involves a 
group of students investigating a worthy 
question, issue, problem, or idea. This is 
the type of authentic project work that 
those working in the disciplines actually 
undertake to create or build knowledge. 
These projects involve serious engagement 
and investigation. 



26- What are the three types of 
inquiry? 

The three types of inquiries, in solving 
ethical problems are: normative 
inquiry, conceptual inquiry, and factual 
or descriptive inquiry. The three types 
of inquiries are discussed below to 
illustrate the differences and 
preference. 



27-  What is the greatest challenge to 
implement an inquiry based teaching 
approach? 

The greatest challenge to implementing an 
inquiry based teaching approach is time.  
As time is often seen by teachers as a 
constraint, proper planning and time 
management are important components 
that must be considered prior to 
incorporating the inquiry based learning 
platform.  



 According to Prince (2004), it is, “important to 
ensure that lessons are designed around 
important learning outcomes,” and that they 
“promote thoughtful engagement”.   

In the chemistry classroom, a vast amount of 
time is spent in lecture, discussion of concepts 
and solving problems.   

In order to facilitate a slower paced learning 
classroom, a variety of strategies were utilized 
to help students understand required content.  
To promote inquiry based learning, I was able to 
remove time devoted to lecture.  



During this study, online resources were 
provided to the students to support their 
understanding of difficult concepts and to 
help with problem solving.  To better meet 
the needs of my students, online resources 
in the form of notes, sample problems and 
video clips via my teacher web page were 
provided. Placing responsibility on the 
students to learn materials that were 
traditionally taught in the classroom is 
referred to as a flipped classroom.  



Fulton (2012) describes the benefits of the 
flipped classroom, “With class time freed 
up from lectures, teachers are developing 
open-ended, cross-curricular projects that 
actively engage students and bring real-life 
relevance,”.  The flipped class room 
allowed students to look at notes and 
return to them as needed, gain additional 
support when convenient and reinforce 
their problem solving skills with simple to 
difficult problem examples. 



What are the Characteristics of inquiry- based 
learning? 

Specific learning processes that people engage in 
during inquiry-learning include:  

- Creating questions of their own. 

- Obtaining supporting evidence to answer the 
question(s). 

- Explaining the evidence collected. 

- Connecting the explanation to the knowledge 
obtained from the investigative process. 

- Creating an argument and justification for the 
explanation. 

 



Inquiry learning involves developing 
questions, making observations, doing 
research to find out what information is 
already recorded, developing methods for 
experiments, developing instruments for 
data collection, collecting, analyzing, and 
interpreting data, outlining possible 
explanations and creating predictions for 
future study. 



Teachers should be encouraging divergent 
thinking and allowing students the 
freedom to ask their own questions and to 
learn the effective strategies for 
discovering the answers. The higher order 
thinking skills that students have the 
opportunity to develop during inquiry 
activities will assist in the critical thinking 
skills that they will be able to transfer to 
other subjects.  

 



based learning can be done -Inquiry
in multiple formats, including:  

Field-work. 

Case studies. 

Investigations. 

Individual and group projects. 

Research projects. 

 



Suggested approaches of inquiry 
based learning  

1. Concept Cartoon. 

2. Concept Mapping. 

3. Cooperative Learning. 

4. Demonstration. 

5. Field Trips. 

6. Games. 

7. Investigation. 

8. Problem Solving.  



9. Projects. 

10. Questioning. 

11. Role Play, Drama, Dance and Movement. 

12. Stories. 

13. Strategies for Active and Independent 
Learning (SAIL).   

14. Information and Communication 
Technologies. 

15. National Education. 

16. Ethics and Attitudes  Criticism. 



Remember to keep in mind... 

 Teacher is Facilitator in IBL environment. 

 Place needs of students and their ideas at the 
center. 

 Don't wait for the perfect question, pose 
multiple open-ended questions. 

 Work towards common goal of understanding. 

 Remain faithful to the students' line of inquiry. 

 Teach directly on a need-to-know basis. 

 Encourage students to demonstrate learning 
using a range of media. 

 



Inquiry-Based 
Teaching and 
Learning in 

Biotechnology   



Inquiry-Based Teaching and Learning in Biotechnology   

Research on the use of inquiry-based biotechnology 
instruction is very limited. However, what little is out 
there does support that it has the capacity to benefit 
biotechnology education in much the same way that is 
has other science disciplines. In a study of 321 students 
in six high school biology classes using a microscopy 
and biotechnology curriculum redesigned 
collaboratively between high school teachers and 
university faculty to incorporate active learning-based 
laboratory units, Taraban, Box, Myers, Pollard, and 
Bowen (2007) found that students using the inquiry-
based curriculum performed significantly (p < 0.001) 
better in both the microscopy and biotechnology labs.  



In another study, Bigler and Hanegan (2011) found 
student content knowledge increased after a hands-on 
biotechnology intervention, Project Crawfish, was 
implemented in secondary biology classrooms. When 
comparing groups on the areas of DNA extraction/gel 
electrophoresis, PCR, DNA sequencing, bioinformatics, 
and phylogenetics, the ninety-three students in 
traditional classrooms only showed significant 
increases for PCR and DNA sequencing (p = 0.0459 and 
p = 0.0043, respectively), while the 125 students in the 
inquiry classrooms showed significant increases in all 
areas (p = 0.0027, p < 0.0001, p = 0.0007, p = 0.0004, 
and p = 0.0128, respectively).  



Bethel and Lieberman (2014) designed a 
multidisciplinary guided-inquiry biotechnology 
unit focused on the three-dimensional structure 
of proteins, their function, and connection to 
disease. At the time their article was published, 
the unit had been taught to eighty-two 
students, and cumulative comparisons of pre 
and posttests showed marked improvements in 
student achievement (36 +/- 15% on pre-tests 
compared to 80 +/- 11% on posttests) in the areas 
of protein structure, the molecular basis of 
disease, and the scientific process.  



As with inquiry-based instruction in 
science in general, inquiry-based 
instruction in biotechnology has also 
proven successful at the post-secondary 
level. In a university molecular biology 
course, through the incorporation of 
project-based learning, a form of inquiry-
based instruction, students showed 
improvements in laboratory technical 
skills in the areas of cloning, transfection, 
expression, and protein purification.  



In another molecular biology curriculum redesign, 
researchers found students made gains in technical 
skills areas such as bioinformatics and bibliographic 
searches, as well as cDNA templates and cloning 
vectors, polymerase chain reaction (PCR) 
amplification, and restriction and ligation reactions. 
Conceptual understanding and technical skills were 
also improved in a cellulose-cellulase lab redesigned 
by Ketpichainarong, Panijpan, and Ruenwongsa 
(2010). Understanding of three main enzyme topics 
were significantly higher (p < 0.001) compared to 
pretest scores, and increases were highest in the 
application aspects and methods for measuring 
enzyme activity. 



Using inflammation in macrophages as a 
model system, Gunn, Seitz McCauslin, Staiger, 
and Pirone (2013) developed a structured 
inquiry-based biotechnology laboratory 
curriculum which resulted in ninety-five 
percent of their students successfully meeting 
learning outcomes in the areas of transfection 
and luciferase reporter assay, immunoblot, 
fluorescence microscopy, enzyme-linked 
immunosorbent assay, and quantitative 
polymerase chain reaction.  



Incorporating inquiry-based instruction into 
biotechnology curriculum has also successfully 
led to gains in student attitude and motivation 
at both the secondary and post-secondary 
levels. For example, Klop et al. (2010) 
redesigned a science module on the topic of 
cancer and modern biotechnology based on 
social constructivist learning theory and 
conducted a quasi-experimental study 
regarding secondary school students’ attitudes 
towards modern biotechnology.  



Questionnaires from 365 students were 
analyzed via chi-square and significant 
differences (p < 0.05) were obtained between 
control and constructivist classrooms, 
resulting in a more positive attitude toward 
modern biotechnology from the experimental 
group. The study by Movahedzadeh, Patwell, 
Rieker, and Gonzalez (2012) also supported 
increased interest in STEM-related fields, as 
well as improvements in student self-
confidence.  



Student questionnaires from the study by 
Taraban, Box, Myers, Pollard, and Bowen 
(2007) showed a preference for active-learning 
and that students perceived greater learning 
gains in biotechnology after completing the 
labs compared to traditional instructional 
methods. Though students, in the study by 
Lesmes Celorrio, Fernandez Gomez-Chacon, 
and Gonzalez-Soltero (2013), found time 
management of the projects to be the biggest 
challenge, they did find the ability to present 
their findings to be the most positive aspect of 
the process. 



Student assessments from another study also 
revealed, when inquiry-based instruction is 
incorporated with biotechnology education, students 
showed improved perceptions regarding personal 
relevance, scientific uncertainty, critical voice, and 
attitude, but not in the area of shared control. 
Student interviews in this same study revealed they 
felt more active in their learning, that topics were 
more relevant, and they had more opportunities to 
investigate their own problems, communicate their 
ideas and data with peers, and to draw their own 
conclusions through the use of their own evidence 
compared to traditional instruction.  

 



Though science educators express great 
enthusiasm for inquiry-based instruction, the 
lack of implementation is often explained by a 
lack of understanding on the part of the 
teachers. Many view it as an approach that 
requires significant time and materials to 
develop and more time and effort on the part 
of the students and a method that is difficult 
to manage in traditional classroom 
environments. Successful implementation is 
also inhibited by teachers’ lack of confidence 
in their content knowledge, as well as their 
pedagogical and theoretical knowledge.  



The implementation of biotechnology 
education suffers from barriers similar to 
those encountered by the implementation of 
inquiry-based instruction in other science 
disciplines.  

Although biotechnology is a current and 
relevant field and biotechnology education is 
supported by the Life Science standards for 
graded 9-12 and the Framework for K-12 
Science Education, the inclusion of 
biotechnology topics in high school science 
classes is still minimal at best. 



The lack of implementation can be explained by a 
number of factors: teachers’ need for more 
information related to subject matter knowledge and 
instruction practices; teachers’ perceptions about the 
subject may impact their instructional decisions; 
teachers’ concerns regarding student impact; and 
teachers’ inability to determine where biotechnology 
fits within the curriculum. Though research on the 
use of inquiry-based instruction in the area of 
biotechnology is limited, it does indicate that the 
benefits are similar to what they have been for other 
science disciplines.  



Given that inquiry focuses on a student’s 
ability to be at the center of their own 
learning, and the fact that biotechnology is a 
topic that requires hands-on learning for 
students to fully understand cell and molecular 
techniques, there is a unique intersection that 
allows these two aspects of education to work 
hand in hand. And, given the lack of 
widespread implementation of either of these, 
this intersection would benefit from further 
investigation.  



Lesmes Celorrio, Fernandez Gomez-Chacon, 
and Gonzalez-Soltero (2013) recommended 
steps in adapting  

introductory science courses to inquiry-based 
learning. First, identify a biological or medical 
problem which is both related to student 
interest and constitutes a key experimental 
objective for the course. Second, develop a 
research project that includes key skill 
development for the laboratory. Third, 
encourage students to be flexible and work on 
the protocol in order to improve results of the 
experiment.  

 





line -based learning in an on-Problem
biotechnology course 

What is PBL?  

Problem-based learning (PBL), also 
known as case-based learning, is an 
increasingly integral part of education 
reform in the United States and around 
the world. The essence of PBL can be 
summarized as the use of a "real world" 
problem or situation as a context for 
learning.  



The purpose of PBL is to increase education's 
relevance to the perceived needs of the professional 
community, to increase the development of critical 
thinking, to engage student interest, and to increase 
the problem-solving abilities of graduates, with the 
use of situations or problems presented in class that 
resemble reality. PBL is a student-centered approach 
to learning, facilitating the construction of a 
conceptual network of knowledge in students, which 
can be subsequently applied in a wide range of 
practical settings. In many cases, the realistic 
problems used in PBL studies may not have a right or 
wrong answer.  

 



PBL is conducted by introducing 
students to situations or problems 
that resemble reality. It can be used 
to make the construction of a 
conceptual network possible, 
increasing the probability of 
retention of the general objectives of 
the problem-based unit.  

 



PBL works through five cognitive areas to 
stimulate learning:  

1 ) activation of students' prior knowledge 2) 
elaboration of prior knowledge through 
cooperative discussions 3) restructuring of 
knowledge to fit the problem presented; 
construction of an appropriate semantic 
network through internal discourse 4) learning 
in the scaffolding context of a real-world 
problem 5) emergence of epistemic curiosity 
due to relevance of problem.  

 



In the PBL environment, students should be allowed 
to analyze the problem in its own and the student's 
contexts and environments. Students must construct 
a method to arrive at a detailed analysis, if not a final 
conclusion (this process is sometimes referred to as 
"situation-based learning"; Dockett and Tegel, 1993; 
Russell et al., 1994). While the specifics of how the 
students will arrive at an analysis must be determined 
by the students themselves based on their own 
perceptions of what information is needed, such as 
how to divide the labor, the instructor may provide 
guidance in the form of a structured decision-making 
process.  



A gestalt impression is certainly a valid 
way to arrive at a good decision, but it is 
difficult to defend a decision that is not 
arrived at in a very logical and careful 
fashion. Care must be taken to ensure 
that students are not forced to follow 
one particular logical path to a 
predetermined conclusion (sometimes 
referred to as "solution-based learning"; 
however, for an opposing viewpoint on 
the importance of actually solving the 
problem.  

 



In PBL, the focus is on the process, not the product. 
Learning objectives in PBL situations include the 
development of critical thinking skills, development 
of a high professional competency, development of 
problem solving abilities, acquisition of knowledge, 
development of the ability to work productively as a 
team member and make decisions in unfamiliar 
situations, and acquisition of skills that support self-
directed life-long learning, self-evaluation, and 
adaptation to change. These learning objectives are 
typically achieved when certain conditions exist with 
regards to the problem presented, and when these 
conditions can be remedied by the design of the PBL 
assignment.  



The four conditions which need to be 
fulfilled by the PBL design are:  

1) The student should be unhappy with the 
current state of his or her current knowledge 
to solve the problem.  

2) The new concepts should be intelligible, 
plausible, and understandable. 

3) The new concepts should be immediately 
applicable to the problem.  

4) The new concepts should be more 
applicable to the problem than the learner's 
previous knowledge.  

 



PBL has the advantages of providing a forum 
where a design process can be used to arrive 
at a solution, generating the need to look at 
other study disciplines that contribute to the 
problem-solving process.  

The PBL environment is also very flexible in 
allowing any depth of knowledge that the 
instructor desires. In some cases, students can 
also enter and exit the problem at any level 
without any loss of understanding or without 
needing a priori knowledge base, although the 
withdrawal of students can create problems in 
a cooperative learning group.  

 



PBL promotes studying for meaning and long-
term understanding rather than studying for 
short-term recall on an exam, though results in 
the literature for overall knowledge 
acquisition through PBL are mixed. PBL also 
provides an excellent connection between the 
traditional college educational setting and 
continuing and extended education. Finally, in 
the nature of its interactive approach between 
thinking, discussion, and searching for more 
information, PBL mimics the approach that 
many people usually take to problems in real 
life.  



PBL assignments typically occur in several 
stages:  

1 ) The problem is encountered first, before 
any formal study has been conducted.  

2) The problem is presented to students in the 
same way that it would be faced in reality.  

3) Students work with the problem in such a 
way that permits their reasoning and 
application of knowledge to be challenged and 
assessed.  

 



4) Needed areas of learning are identified 
by the students and used as a guide to 
individualized study.  

5) The skills and knowledge acquired are 
applied reiteratively to the original 
problem.  

6) The learning that has occurred is 
integrated into the students' existing 
knowledge and skills.  

 



The role of the instructor is quite different 
between PBL and the more-traditional lecture-
based instructor-centered environment. In 
classical PBL, the instructor interferes as little 
as possible in the group's discussions about 
their science and research (although there is 
still an extensive role for the instructor in 
helping students locate sources for research, 
monitoring their progress through authentic 
learning activities, and handling interpersonal 
disputes in dysfunctional groups in an even-
handed manner).  



Students are often initially uneasy with a non-
interfering-in-course-material instructor since 
they are used to being told what is right and 
what is wrong, but usually they eventually grow 
more comfortable with the situation as they 
assume responsibility for their own learning.  

However, a greater depth of understanding is 
achieved with an interactive facilitator who 
helps steer the students towards successful 
solving of the problem than with a completely 
passive instructor. The identity of who is 
leading the PBL group also has an impact on 
PBL outcomes.  



Steele et al. (2000) found that, in medical 
schools, peer-led student groups tended 
to take shortcuts that might undermine 
some of the intended goals of PBL, and 
that learning outcomes are higher in PBL 
classes that have a tenured faculty 
member as the instructor than in those in 
which the instructor is a post-doctoral 
fellow. 

 



Problem-based learning (PBL) is a pedagogical 
tool that uses a "real world" problem or 
situation as a context for learning. PBL 
encourages student development of critical 
thinking skills, a high professional competency, 
problem-solving ability, knowledge acquisition, 
the ability to work productively as a team 
member and make decisions in unfamiliar 
situations, and the acquisition of skills that 
support self-directed life-long learning, 
metacognition, and adaptation to change. 
However, little research has focused on the use 
of PBL in on-line "virtual" classes.  



Two studies were conducted exploring the use 
of PBL in an on-line biotechnology course. In 
the first study, ethical, legal, social, and human 
issues were used as a motivation for learning 
about DNA testing technologies, applications, 
and bioethical issues. In the second study, we 
combined PBL pedagogy with a rich 
multimedia environment of streaming video 
interviews, physical artifacts, and extensive 
links to articles and databases to create a 
multidimensional immersive PBL environment 
called "Robert's World". 



In "Robert's World", a man is determining 
whether to undergo a pre-symptomatic 
DNA test for an untreatable, incurable, 
fatal genetic disease for which he has a 
family history. In both studies, design and 
implementation issues of the on-line PBL 
environment are discussed, as are 
differences between on-line PBL and 
face-to-face PBL. Both studies provide 
evidence to suggest that PBL stimulates 
higher-order learning in students.  



However, in both studies, student 
performance on an exam testing acquisition of 
lower-order factual learning was lower for PBL 
students than for students who learned the 
same material through a traditional lecture-
based approach. Possible reasons for this 
lower level of performance are explored. 
Student feedback expressed engagement with 
the issues and material covered, with 
reservations about some aspects of the PBL 
format, such as the lack of flexibility provided 
in cooperative learning.  
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Enhancing Student Experience in Plant Sciences 
through Inquiry Based Learning: 

(New Mexico State University )  

Many students at land grant universities start their 
undergraduate studies with an undecided major or 
switch from major to major during their 
undergraduate career. With so many competing and 
more lucrative career options, recruiting 
undergraduate students into Plant Sciences is a 
challenge.  

Developing and maintaining an interest in agricultural 
majors is equally important in retaining those 
students who do enter into agricultural fields. 
Innovative and entertaining ideas must be applied to 
motivate and attract students towards plant sciences.  



 

One solution is a needed paradigm shift from traditional 
textbook-focused instructional methods to of inquiry based 
learning, where students exploring challenging questions 
appropriate to the field (Crawford, 1999).  

Inquiry-based learning is an active form of learning and 
enhances students’ self-engagement with scientific activities 
(Edelson et al., 1999) resulting in an open environment in which 
students design their learning through exploration with the 
subject matter. An essential component of inquiry-based 
learning is that students work independently to solve 
problems rather than passively receiving direct, step-by-step 
instructions from the teacher. 

The instructor does not provide knowledge, but instead helps 
students along the process in discovering knowledge 
themselves.  



This note provides an example of how a fun-filled, hands-on 
inquiry based learning model implemented in a general 
education introductory plant science course helped stimulate 
interest about plants in non-agriculture major students at New 
Mexico State University.  

In addition, the project as designed promotes problem-solving, 
team-work and presentation skills among students.   

In an effort to increase student interest in plant sciences and 
make students aware of 1) the tremendous variety of plants, 2) 
the importance of plants in daily life, 3) plant origins, 4) plant 
production and management practices, and 5) fun facts about 
plants, the instructor developed a multi-faceted project “Know 
Your Plant Project.” For this project, student teams are 
assigned a “mystery” plant or plant product.  



To ensure students consider a global perspective 
beyond domestic plants and issues, assigned 
“mystery” plants and plant products include 
international examples.  

Each team must then identify the plant or plant 
product they are assigned, research various aspects 
and uses of the plant or plant product and create a 
presentation, including PowerPoint, for the entire 
class.  

Students were offered extra credit for including 
tangible objects in their presentations; many teams 
prepare and serve edible dishes to share with the 
class.  



One key requirement for the “Know Your Plant 
Project” is that the instructor or teaching assistant 
of the course will not help in identifying the 
assigned mystery plant or plant product. Students 
are allowed to question faculty or students who are 
not directly linked with the course. Some mystery 
plants/plan products are seeds –student teams who 
receive seeds as their mystery product frequently 
choose to plant the seeds to try to identify the 
plants as it grows.  



The “Know Your Plant Project” develops and measures 
presentation skills using a detailed rubric to evaluate 
presentations based on content, professional appearance, 
presentation skills and timely submission.  

The project also fosters team work: The project is assigned 
early in the semester and motivates students to work 
together and interact regularly to successfully complete 
the assigned project.  

Because the project requires students to interact with 
each other, students develop personal connections with 
others in the class and not just with those in their own 
teams. This is a particularly important element because 
students come to this class from various colleges and 
majors, rarely know each other and are not generally 
inclined to form personal associations. 



 Students are evaluated for their individual 
contributions towards the group activity by the 
instructor and through confidential peer-
evaluations. 

 Peer evaluations are averaged and then included 
in calculating the final grade on the project.  

To ensure students are attentive during 
presentations, each team is required to contribute 
a list of questions to the instructor from their 
presentations. Questions are then selected by the 
instructor for inclusion on quizzes.  



A reflective element is also included in the project. In the 
reflection students provide feedback to the instructor 
about their experiences in the team activity.  

A vast majority of students indicate the project is a 
positive experience.  

Students report that the project fosters interest and 
investment in a particular plant – that they engage in 
deeper research and learn much more about their 
assigned plant than what is required or expected for the 
team activity.  

Many students also indicate that the project provides 
valuable lessons in teamwork, including cooperating and 
sharing responsibility with other team members. Finally 
students report that the project helps them learn how to 
find information and how to problem solve.  



This “Know Your Plant Project” aroused student interest 
in the subject matter early in the semester and retained 
that interest throughout the semester.  

The results of the project demonstrate that inquiry based 
hands-on experiences are instrumental in 1) helping 
students connect abstract ideas to the real world, 2) 
building personal connections between students, and 3) 
generating and maintaining interest in agriculture and 
plant sciences.  

Through content-based inquiry and learning using the 
“Know Your Plant Project”, students improve their 
teamwork and communication skills, as well as develop 
information literacy and problem solving strategies.   

  















OVERTLY TEACHING CRITICAL THINKING AND 
INQUIRY-BASED LEARNING: A COMPARISON 

OF TWO UNDERGRADUATE BIOTECHNOLOGY 
CLASSES  

 
Some researchers have argued that science 
classrooms must move away from rote and passive 
applications of memorized concepts to the use of 
critical thinking skills as a primary component in 
facilitating learning. Yet few studies have examined 
the effect of overtly teaching for critical thinking on 
subsequent skill development.  
 



The purpose of this study was to assess if overtly teaching for 
critical thinking, as a teaching method, contributed to explaining 
increases in critical thinking skill scores of undergraduate 
students enrolled in agricultural biotechnology. One group of 
students were taught components of critical thinking and then 
asked to use the newly learned skills in class.                                                    
A nonequivalent control group was instructed using the inquiry 
based teaching method. The data exhibited significance between 
groups giving evidence that overtly teaching for critical thinking 
improves students’ critical thinking skills as opposed to using the 
inquiry-based teaching method.  
Adding gender to the model did not significantly increase the 
explanation of variance in critical thinking skills. Also, a weak 
positive correlation was found between the total critical thinking 
skill score and the total critical thinking disposition score.   
  



Purpose and Objectives  
Thinking skills learned through inquiry based learning 
include “…identification of assumptions, use of critical and 
logical thinking, and consideration of alternative 
explanations” (National Research Council, 1996, p. 23).  
Although critical thinking skills are taught through inquiry-
based instruction, would students improve their critical 
thinking skills if they were identified within context and 
overtly taught within class assignments?  
The purpose of this study was to assess the relationship 
between critical thinking skills and  different instructional 
methods within the context of agricultural biotechnology. 
Specifically, the objectives of the study were to:  
  



1.Determine selected demographic information of 
undergraduates enrolled in the courses AGR 2612 
Seeds of Change and PLS 2003 Plants that Feed the 
World.  
2. Determine undergraduate level of critical 
thinking skills and critical thinking dispositions and 
explore differences between the two groups.  
3. Determine the relationship between overtly 
teaching critical thinking skills and selected 
demographics with the posttest critical thinking 
skills of participants.  
4. Determine the relationship between critical 
thinking skills and critical thinking dispositions.  



Recommendations 
In this study, overtly teaching critical thinking skills 
within a specific knowledge domain did 
significantly facilitate the increase of total critical 
thinking skills scores with emphasis in the thinking 
skill evaluation (Huitt, 1998), more so than inquiry-
based learning.  
The authors caution the reader, as findings were 
limited due to the nature of nonrandomized 
samples. This study should be replicated to affirm 
the results and more research should be conducted 
to discover how to better increase students’ use of 
analysis and inference thinking skills.  



Moderate positive correlations were found throughout the 
constructs of critical thinking skills and critical thinking 
dispositions, except for the constructs cognitive maturity 
and evaluation. Why does this exist? Granted that the 
findings are similar to that of Facione and Facione (1997), the 
lower reliability coefficient of the cognitive maturity scale 
suggests more research is needed to be better able to 
measure critical thinking disposition.  
Specific recommendations stemming from this study would 
therefore include more research into the measurement of 
these skill constructs, combined with further exploration of 
the role that overtly teaching for critical thinking plays in 
terms of student learning outcomes.  
  





Curriculum for Agricultural Science Education  
(CASE) – Animal and Plant Biotechnology 

2018-2019 STEM Scale-Up Program  
  

CASE utilizes science inquiry for lesson foundation 
and concepts are taught using activity-, project- and 
problem-base instructional strategies.  
In addition to the curriculum aspect of CASE, the 
project ensures quality teaching by providing 
extensive professional development for teachers 
that leads to certification. 



Program Objectives and Description  
Students will maintain a research level Laboratory Notebook 
throughout the course documenting their experiences in the 
laboratory. Research and experimental design will be 
highlighted as students develop and conduct industry 
appropriate investigations. Students will develop and 
conduct a research project following the National FFA 
Agriscience Fair guidelines.  
From background research through data collection and 
analysis, students will investigate a problem of their choice 
and conclude the project by reporting their results in the 
forms of a research paper and a research poster.  
In addition, students will complete all of the laboratory 
experiments for Advanced Placement Biology – in addition 
to several others – all in an agricultural context.  
  



Program Summary  
 

Animal and Plant Biotechnology, a specialization 
course in the CASE Program of Study, provides 
students with experiences in industry appropriate 
applications of biotechnology related to plant and 
animal agriculture.  
Students will complete hands-on activities, projects, 
and problems designed to build content knowledge 
and technical skills in the field of biotechnology.  
Students are expected to become proficient at 
biotechnological skills involving micropipetting, 
bacterial cultures and transformations, 
electrophoresis, and polymerase chain reaction.  
  







Discussion and Conclusion 
Many educators would agree that the classic methods 
of teaching science is currently plagued by ineffective 
artifacts and thus is in dire need of modernization.  
While the facts delivered by the standard methods 
seldom change, the audience does. Even though 
certain students in each class can learn from the 
current methods, the rest of the students are too often 
weeded out, regardless of their innate talents.  
New methods of teaching are needed for the students 
of today, especially in STEM fields. The objective of 
promoting growth in the number of students enrolled 
in STEM programs is shifting from an advantage to a 
necessity in the modern world.  



Project-Based Learning is a method in which students 
engage in intellectually challenging tasks that drive inquiry 
questions through gaining content knowledge and 
academic skills to solve complex problems and 
informatively defend their solution and outcomes.  
At HWC, project-based learning enabled the Bio-251 
students to practice real world lab methods currently used 
in biotechnology, to comprehend the process of scientific 
inquiry that is practiced by working scientists, and to gain 
knowledge and demonstrate evidence of achievement.  
Learning research skills through practical experience is one 
of the main objectives of the project-based learning 
method, which has been supported by the NSF  and the 
NRC .  



 The individual experience of utilizing the laboratory 
stimulates increased excitement, knowledge, and 
confidence in performing applied scientific procedures. 
Important conceptual connections are made between 
critical thinking and practical applications through 
student learning on specifically designed projects.  
Throughout the semester, the class developed a good 
rapport that allowed them to work through and 
troubleshoot labs together, effectively changing the 
instructor’s role from teacher to mentor.  
The students consistently worked together to 
overcome the obstacles 
encountered in class, many of which are issues 
encountered by professional scientists, as one student 
stated 
 



The overall mood and environment of this 
course were unlike anything I had previously 
experienced. At first, I was wary about taking a 
5-hour course on Friday evenings, but when 
coupled with the casual structure and team 
emphasis, it felt more like getting together 
with friends to work on a hobby project than a 
molecular biology project.  
The sessions were highly productive and when 
something did go wrong, we were able to call 
for a time-out to discuss, we were quick to 
diagnose, and there was never a shortage of 
volunteers to help keep things moving. 



The team-oriented environment is further 
supported by the survey.  
It is apparent that very few, if any, of these Bio-
251 students will forget this experience. 
Students were able to understand the concepts 
presented to them, while at the same time 
contribute valuable data and insight for 
research at UIC and for the world of molecular 
biology. Furthermore, some of the students 
started seriously thinking about continuing 
their education beyond the associate degree 
level. 
 















Purpose of this Study & Objectives  
  
The purpose of this study was to describe the historical 
use of inquiry-based learning in the field of SBAE. This 
purpose was supported by the following objectives:  
  
1) Describe the role that inquiry-based learning has 
historically played in SBAE.  
  
2) Describe the incorporation of inquiry-based learning 
into the three-circle model of SBAE.  
  



Recommendations and Possibilities for Future 
Research and Practice  

  
The current study illustrated previous instances of the use of inquiry-based 
learning in SBAE programs. However, additional possibilities remain. As 
demonstrated by Thoron and Myers (2011), inquiry-based learning holds much 
promise for increasing students’ retention of content knowledge while 
increasing their overall academic achievement. Such work can highlight the 
potential value of SBAE for overall student development. However, little 
empirical evidence has been added to the agricultural education literature 
base since the prior study. Additional research should follow suit and work to 
establish a more solid body of knowledge regarding inquiry-based learning in 
SBAE. New literature should also emphasize methods that specialized 
teaching strategies (such as inquiry-based learning) can utilize to increase 
students’ retention of both academic and technical content knowledge, as 
described by Doerfert (2011). Such methods could hold much promise for 
furthering the utility and value of SBAE in modern school settings (Parr et al., 
2006).  



We recognize that inquiry-based learning can be integrated into SBAE in 
multiple ways and content areas, such as agricultural mechanics, horticulture, 
animal science, biotechnology, and more. As a result, perhaps additional 
research should be conducted to analyze current agriculture teachers’ use of 
inquiry-based learning within their curricula, such as the content analysis of 
lesson plans. Washburn and Myers (2010) found that agriculture teachers 
believed that science integration and inquiry-based teaching were important 
to SBAE as an entity; however, this population also indicated limited use of 
inquiry-based learning within classrooms. Perhaps this is tied to selected 
barriers regarding science integration, as described by past researchers 
(Myers & Washburn, 2007; Thompson, 1998; Washburn & Myers, 2010). These 
barriers included “insufficient planning time, lack of requisite materials, and 
insufficient funding” (Washburn & Myers, 2010, p. 89). Further research 
should look to address this potential correlation between such factors and 
the adoption of inquiry-based learning in SBAE. 



The lack of literature regarding the use of inquiry-based learning 
in the FFA and SAE components of SBAE programs is alarming to 
us. While other researchers (Roberts, 2006; Rogers, 1969) have 
emphasized how the experiential model of learning with SBAE is 
ripe for the use of problem-based learning and inquiry-based 
learning, the quest for literature pertaining to the process’s use 
within the SAE and FFA elements was quite fruitless. However, 
this does not mean that the process is not occurring with SBAE 
programs across the nation. On the contrary, perhaps there 
exists a dearth of productive research in these areas. Perhaps 
studies should be launched to address perceptual, adoption, and 
incorporation of inquiry-based learning in all aspects of 
comprehensive SBAE programs.  



Regarding the practice of integrating inquiry-based learning, agriculture 
teachers should continuously look for methods to integrate this historic 
practice into their coursework (Parr &Edwards, 2004; Phipps et al., 2008; 
Washburn & Myers, 2010). As this practice is more commonly known as 
problem-based learning within the SBAE community (Parr & Edwards, 2004), 
many teachers currently utilize this method effectively (Phipps et al., 2008). 
Interestingly, as science curricula are often taught through an inquiry-based 
approach, and as science is inherently tied within agricultural coursework, 
many agriculture teachers report that pressure to practice science integration 
has come from a top-down approach (e.g., state mandates, administrator 
requests, etc.) (Washburn & Myers, 2010). Perhaps teachers feel more inclined 
to teach through inquiry-based learning only when science integration 
pressures are a factor. Agriculture teacher in-service meetings may serve as a 
valuable medium for opening the dialogue concerning these issues.  



As developing and instilling the practice of effective teaching is achieved at 
the pre-service level (Phipps et al., 2008), teacher education coursework 
should include instruction in inquirybased learning (Washburn & Myers, 2010). 
Further, this coursework should emphasize the use of such instruction in all 
facets of the SBAE model (i.e., classroom/laboratory instruction, SAE, and 
FFA). Phipps et al. (2008) and Thoron and Myers (2011) described how this 
method of teaching can positively influence students’ classroom 
performance, while Wells and Retallick (2013) found that significant potential 
for academic instruction exists within the realm of SAE. As SAE serves as the 
natural outlet of classroom/laboratory-based teaching and learning (Ramsey 
& Edwards, 2012), inquiry-based instruction may hold significant possibilities 
for increasing student understanding of real-world phenomena that may 
result in higher overall program experience quality. Wells, Perry, Anderson, 
Shultz, and Paulsen (2013) found that experiences at the secondary level can 
influence post-secondary educational pursuits. Thus, agriculture teachers 
should heed these calls to improve professional practice, as the eventual fate 
of the discipline (e.g., the recruitment and retention of future teachers) 
depends upon it.  
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Abstract  
  

Growth in the field of biotechnology, combined with the 
ability to access information instantaneously, requires a new 
model of science education that will nurture deeper 
understanding and higher order thinking to develop a 
scientifically literate population. Inquiry based learning is a 
student-centered model built on the theoretical framework 
of constructivism, which allows students to learn in a way 
that reflects how scientists come to understand the natural 
world.  
This project aimed to address the need for an inquiry-based 
biotechnology curriculum in a local Early College program by 
developing, piloting, revising, and implementing an inquiry-
based biotechnology unit while simultaneously evaluating 
the impact of this curriculum on content knowledge and 
students’ motivation toward science learning.  



 Results revealed that student assignment scores were consistent with a 
B- average and performance on the final presentation was consistent 
with an A- average, while content knowledge increased approximately 9 
to 19 percentage points comparing pretest and posttest. 
Overall, using the Student Motivation Toward Science Learning survey, 
we did not see any measurable changes in  
students’ motivation toward science learning except for a slight 
decrease in self-efficacy, which  
could be reasonably expected given student discomfort experiencing 
both a novel curriculum and pedagogy.  
Qualitative student feedback, however, was positive regarding 
independence, accountability, and group discussion and students 
displayed a high level of enjoyment with the hands-on activities. Thus, 
this project resulted in a sample inquiry-based biotechnology curriculum 
unit that produced reasonable gains in content knowledge, and with 
further work on  the affective components important to cognitive 
growth, displays potential for even larger content knowledge gains and 
increased student motivation toward science learning.  







INQUIRY EDUCATION IN BOTANY  
– A WAY TO COPE WITH PLANT BLINDNESS?  

RYPLOVÁ Renata  

Abstract   
Humans ignorance of the plants in our surroundings, called 
as „plant blindness“ is a serious environmental problem of 
human society. As one of the reasons of plant blindness the 
low attractiveness of botany learning at school is considered. 
This contribution brings the results of the survey testing the 
impact of inquiry education on the attractiveness of botany 
education at Czech schools. The results indicate, that inquiry 
approach, especially in combination with outdoor education 
and supported by the use of modern technology can attract 
the students to botany.  



Inquiry based science education (IBSE) is internationally 
known as didactic approach attracting the students to the 
study of the nature (European Commission, 2007). 
Therefore there are presumptions, that the use of inquiry 
approach in teaching botany could enhance the 
attractiveness of the plants for our young generation. From 
this reason we have conducted a survey testing the suitability 
of IBSE to enhance students’ interest in plants and their role 
in human’s environment.  
The goal of this survey was to find answers on two research 
questions: 1. Can IBSE enhance the attractiveness of plants 
for the students? 2. How to make inquiry based botany 
education more attractive for students? 











CONCLUSSION 
Based on the results of this survey we can conclude, that 
inquiry approach enhance attractiveness of the plants 
for the students and improve understanding of the 
significance of plants in our environment. To improve 
the attractiveness of botany learning to students and by 
this way, to cope with plant blindness of young 
generation, inquiry approach in combination with 
outdoor education and use of modern technical devices 
is recommended. The survey discovered a big lack of 
knowledge of 13 – 16 years old Czech students in the field 
of physiological role of plants in our environment. In this 
direction further research is recommended. 













THANK YOU 



Inquiry-Based Teaching  
and Learning of Biotechnological 

Sciences 
) 3(Part. 

   
Eman A. Alam 

Botany Department, Faculty of Science, 
Al-Azhar University, Nasr City, Cairo, 

Egypt 
 

aalam.eman@gmail.com 

mailto:aalam.eman@gmail.com


Cases Studies 
(Egypt) 

1. School Students 



SCIENCE EDUCATION IN EGYPT BASED ON INTEGRATING 
ECOLOGICAL NEEDS AND STEAM EDUCATION    
Heba EL-Deghaidy American University in Cairo   

  
Abstract: The aim of this paper is to review and highlight 
some recent efforts to reform science education. The focus 
is to present science education in ways that are meaningful 
and reflective of the needs and interests of learners and 
their societies. Two main initiatives are presented that have 
picked up momentum and both emphasise interdisciplinary 
learning and a focus on developing 21st century skills as a 
global requirement.  One of them is Education for 
Sustainable Development (ESD) while the other is Science, 

Technology, Engineering and Math (STEM) education. 



 The paper illustrates international efforts of these two main 
initiatives with an aim to precisely review the board 
spectrum of how science education is interpreted within ESD 
and STEM practices. Moreover, the paper presents a more 
recent debate, which focuses on the deliberate shift from 
STEM to STEAM education. The focus of inquiry of this 
paper, therefore, is to research the possible models of 
introducing science education to the educational system in 
Egypt, within a framework that meets international calls for 
ESD and STEM/STEAM education. The paper contributes to 
the literature as it looks at a region at a transformational 

stage both politically and socially.  



 This calls for a need for education transformation with 
innovative ideas to meet the requirements of this stage. 
Infusing ESD/STEM/STEAM education through an innovative 
model of STE2AM education based on Freire’s Liberatory 
Education in the educational system is a radical view but 
could be met with caution, preparation and readiness of all 
stakeholders in the system. With such view, this calls for 
political and practical changes in science teaching and 
learning in a country that is lagging behind in many 
developmental areas, where education is one of them.   

  



THEORETICAL FRAMEWORK  
The work of Freire and his view of human’s ability to change 
their condition and existential situation through education 
serve as the philosophical basis for this change in what 
education should provide and how to provide it.  
Freire actually provides a framework for how education 
helps societies learn and move forward with social change.  
It is therefore, the work of Freire which can provide this 
paper with a philosophical grounding to change to a 
sustainable future. The aim of Freire’s Liberatory Education 
allows individuals to become informed citizens regardless of 
their socioeconomic status or social identity (Dale & Hyslop-
Margison, 2010) that stresses on forming new relationships 
between students and teachers, students and learning, and 

students and society (McLaren, 1993). 



 Having said that, the pedagogy suggested by Freire requires 
problem posing, bottom up approaches, action research 
opportunities, systemic and critical thinking through 
environmental and social action within the autonomy of 
both teacher and students.  This forms a recipe essential for 
political and social change and above all a paradigm change 
that can lead to transformative actions.  
He also stresses the role of culture and context where 
learners work within various local contexts while 
acknowledging the larger whole of which they are part.  
According to Freire, his suggested Liberatory pedagogies 
dissocializes students against anti-intellectual and authority-
dependence culture in an attempt to expose students to 
democratically engaging practices (Rodriguez, 2008).  

  



STEM/STEAM and science education 
  

STEM education is certainly becoming one of the buzzwords 
these days in education. It is an acronym commonly known 
to present a combination of four main disciplines of Science, 
Technology, Engineering and Mathematics.  
The integrated model of STEM education removes the 
traditional borders known between each discipline and 
provides opportunities to integrate disciplines in a cohesive 
meaningful experience where science and mathematics 
(main disciplines in the acronym) are learnt in a personalized 
context while developing various skills such as critical 
thinking, problem solving, communication skills, inductive 
and deductive reasoning and inquiry skills (Thompson, 2013). 

 



According to Vasquez, Comer, and Sneider, (2013) 
STEM education is not a curriculum by itself, but it 
is an approach for teachers to organize and 
deliver instructions in a way that helps students 
apply their knowledge with their peers in 
meaningful situations. Especially as real life 
problems are not found in separate disciplines 
(Wang, 2012).   

  



Despite adopting STEM in various educational settings 
worldwide, there are efforts to move from STEM 
education to other models in a means to renewing the 
well-known buzzword. Renewing the focus on STEM 
education is an unobjectionable worthwhile endeavour. 

Harvey  
White, co-founder of Qualcomm, says this is a ‘national 

emergency’.  
 

Total reform of the current educational curriculum with a 
marriage of the arts and sciences must happen. 
Tarnoff (2010) and Pomeroy (2012) echo this view and 
claim that STEM education is missing a set of creativity 
components and skills that are summarized under the 
letter “A” for Arts. 
This set of skills comes particularly essential to jobs where 
the ‘flattening or ‘levelling effect’ are taking place in the 

world’s current workforce (Friedman, 2007).  



One of the examples of putting science in an integrated 
perspective is ‘Full STEAM AHEAD’ where the ‘A’ stands for 
integrating Arts to the other four disciplines. Within this 
model, STEAM education aims to lead to a meaningful 
comprehensive and effective education. There are claims 
that it promotes bridging the gap between business and 
educational goals where the main aim is to create a more 
productive and sustainable global culture based on 

teamwork.  
Looking at the combination of ‘A’ STEAM education skills 
and links to brainbased-research shows an emphasis on 
both hemispheres of the brain (right brain hemisphere 
responsible for creativity and left brain hemisphere 
responsible for academia and logic) as a whole brain 
system. Unfortunately most science education teaching and 
learning practices in the States (White, 2010) and in the Arab 
countries focus on the left hemisphere and neglect the right 
side of the brain.   
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The Grand Museum of Egypt  
& 

 The Challenge of Sustainability  
  

Dr. Walid A. Moneim  
Dr. Zeinab Shafik  

Dr. Yasser Mansour  
  
  



 
  

Introduction  
The approach to museum design has undergone a 
substantial change in the past few decades. Museums were 
previously established to store artifacts safely and allow 
interested visitors who are usually members of a high 
culture in the society to encounter them. Museums were 
buildings constructed with a philanthropist mentality whose 
basic objective was preservation and safe keeping of 
irreplaceable items.  
The idea that the artifacts displayed represent a country’s 
heritage or a nation’s pride justified even more this 
philanthropist approach. With the increase in the extensive 
variations in the typology of museums based on the artifacts 
displayed and with the variations in the size of museums, the 
goal of building a museum faced a substantial change. 
Museums are now established to serve different groups of 
visitors with variations in the level of their sophistication 
and intellectual background.  

  



Museums have become more democratic while addressing 
different user groups with different intentions and 
orientation. Museums also respond to the needs of special 
user-groups such as the handicapped, the visually impaired 
and the children. The discrepancy and variations in the user 
groups that museums serve together with the type of 
exhibits displayed control and direct its design and provide 
guidelines for its operation after construction.  
Thus, museums developed like any other building type 
directed to serve members of the community. With this 
orientation the concept of the museum as a philanthropist 
act has also developed. With the advancement in economic 
sciences, marketing strategies and business oriented 
feasibility studies, museums are thought of as institutions 
which can be revenue generating, self sustainable and even 
profit making structures. Accordingly the initial program of 
the museum building is based on activities and spaces which 

can bring in an income to that institution. 



The added activities are usually selected to suit the main 
purpose for building the museum, which at the same time 
provide an alternative way of enjoying the premises. The 
Grand Museum of Egypt was based on a program that 
intended it to be an International Cultural node, which not 
only focuses on ancient Egyptian artifacts, but also 
perpetuates and enriches the cultural life of Egypt today. It 
represents a gateway leading to an experience of 
understanding the form of life that existed in Egypt 
thousands of years ago and a window open to everyday life 
sustained in Egypt today.  
It is a two fold objective that pulls the ancient legends to the 
essence of “Egyptianess” as it is lived in contemporary 
Egypt. In its own philosophical approach the GME sustains 
the culture that exists in the Egyptian context by linking it to 
its historical roots and perpetuating its greatness via 
different activities and facilities that are offered in a building 
of a world class standard.  

  



The Grand Museum of Egypt  
&  

Educational Facilities 
  



 
 The GME is an educational institute whose objective is to keep the 
ancient Egyptian Legends alive by opening them up to interpretation by 
understanding their meanings and implications. Educational programs 
are directed to a wide spectrum of audiences. The Egyptologists, 
archaeologists, historians, and theoreticians distributed all over the 
world will find common grounds in the information offered to them via 
the channels of the GME, this provides an opportunity to excel and 
further navigate into the meanings withheld in the ancient Egyptian 
culture . 
 More importantly, the educational programs target the general public 
by raising the awareness of the layperson to the greatness of the 
heritage they withhold. The younger generation represents the target 
customer for the different educational programs, which is based on 
providing a hands-on experience in the children's museum, which is 
endorsed by the excitement delivered in the virtual galleries and the IT 
links, this allows the eager younger client to mix the pleasures of the 
scientific imaginary world of the virtual reality with the facts of history 
that anchor the Egyptians' roots to the land of the Nile.  

  



The Grand Museum of Egypt  
& 

Leisure and Pleasure  
 



 
The leisure and pleasure is an integral part of the experience provided in 
the GME, it provides its own agenda of activities and events and has 
reserved an extensive area of the program to support such functions. The 
gardens of the GME stretch out into the landscape offering an 
uninterrupted view of the pyramids which are pulled into the landscape of 
the museum parks. The parks are part of the navigation journey into the 
past. They represent the outdoor, open air life of ancient Egypt with its 
climatic conditions, the presence of the desert sand, and the reconstruction 
of the ancient pattern of agricultural land that sustained thousands of years 
of change. Life developed along the banks of the Nile and moved from one 
level of intricacy and complexity to the other, the Egyptians' experience, 
added knowledge and developed traditions produced layers of wisdom that 
created the most sophisticated civilization ever known. The life springing 
out along the valley survived gracefully through political changes, climatic 
disasters, administrative and oppressive rulers; it sustained itself 
miraculously under adverse circumstances. This story of a life experience of 
a culture is told in the gardens of the museum and its everydayness is 
reincarnated in its landscape design. The leisure parks revive the old 
wisdom but do not deny the lived reality by offering theme parks and 
equipped parks accommodating the most innovative facilities and 

equipment used in contemporary landscape.  
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The Egyptian Education System 



Stages and types of pre-University  
education in Egypt 



Summary 
  

Egypt’s future depends in large part on the skills and resilience of its 
young people. However, too many young people are not developing 
the attributes that the country needs at school. Most of the working-
age population do not have adequate skills for employment in a 
modern economy. Traditional sources of employment are not growing 
at anywhere near the rate required to absorb new entrants to the 
labour market – whether school leavers or tertiary education 

graduates. 
  

The urgent priority for Egypt is to make education and training 
relevant to its economic prospects. It will need to do so in ways that 
develop rounded citizens who can work together to build a cohesive 
society.  The transformation that is required in Egyptian education 
involves improving the learning experiences and outcomes of 
schooling so that educated youth can be productive citizens. That 
involves shifting the orientation of Egyptian schooling from the 
acquisition and repetition of knowledge to the development and 

demonstration of skills. 



It means, therefore, reducing the current emphasis on 
curriculum content coverage and changing classrooms 
from passive to interactive places of learning. It also 
means using assessment to monitor student progress and 
inform educational interventions, rather than as a crude 
and unfair tool for social sorting. 

 
It means overhauling the underperforming, under-
resourced and undervalued provision of technical and 
vocational education and training (TVET), by upgrading its 
capacity and status, reorienting its offerings to current 
and emerging labour market requirements, and 
integrating it as a system at the centre of Egypt’s 

economic transformation agenda.  



Egyptian authorities have been addressing these challenges. The 
comprehensive National Education Strategic Plan 2007-2012 set 
ambitious goals. Considerable progress has been made in achieving 
higher rates of participation in the compulsory and postcompulsory 
stages of education. Student progression rates have risen and 
attrition rates have fallen. Attention has been paid to increasing 
professionalisation of the teaching workforce, greater autonomy for 
school principals and a more systematic approach to data collection 
and reporting of progress against targets.  

 
Less progress has been made, however, on the difficult challenge of 
improving educational quality. The common factor undermining 
efforts to improve student learning at all levels is the invalid system 
of student assessment and its improper use. It is invalid because of 
deficiencies in its design, and its use is improper because scores 
derived from its application unjustifiably determine the life chances 
of students. The most pervasive influence in Egyptian education is the 
secondary school leaving exam (thanwiya amma). It needs to be 
reconstructed, alongside the development of more valid and reliable 
assessment methods and a more flexible approach to university 

admissions.  



School principals and classroom teachers should be given more 
discretion in the use of available resources and held accountable for 
the results they achieve. The educational leadership at the district 
administrations (idaras) and governorates (muddiriyas) need to see 
their role as managing for results rather than just inspecting to ensure 
that particular matters are covered.  
They need to focus on what students are learning, and provide the 
support that principals and teachers need, including by diffusing good 
innovations in teaching practice.  
Teachers generally will need more focused support so that they can 
continue to improve their teaching, and the opportunity to share and 
learn with their professional colleagues. The formation of the 
Professional Academy for Teachers represents a major, long-term 
structural advance. Teacher education generally, especially pre-service 
teacher education, will need to be sharpened up and, in some areas, 

especially in technical and vocational education, reshaped. 



A well-constructed and well-communicated change agenda, grounded 
in evidence about current deficiencies and looking ahead to future 
imperatives, and bringing together progressive teachers and school 
leaders, should harness considerable educator support. Employers, 
especially in private-sector enterprises which will be the main source 
of Egypt’s future economic base, should have a strong say in helping 
to reshape secondary education, as well as TVET more broadly, and 
thereby helping to shape Egypt’s future labour supply.  
Serious attention needs to be paid not only to what change is 
required but also to how that change can be implemented, followed 
through and embedded in culture and practice in all classrooms, and 
in the steering and supporting arms of government administration at 
all levels. Considerable effort will need to be applied to making the 
necessary shift from an authoritarian and unaccountable 
management model to one based on transparent information that 
underpins accountability for performance at every level. Broad 
publicsector reforms will be necessary complements to the education-
specific and labour market reforms identified in this report.  

  



Conclusions  
Egypt confronts many complex challenges. It is 
undergoing difficult political, social and economic 
transitions. Its population is expanding rapidly. Human 
settlement pressures are running up against 
environmental and physical capacity limits. Household 
incomes are generally low, and poverty is deepening in 
some regions to dangerous levels.  
The economic base is in a dire condition, and several 
established industries are losing ground to global 
competition. Most of the working-age population do not 
have adequate skills for employment in a modern 
economy. Traditional sources of employment are not 
growing at anywhere near the rate required to absorb 
new entrants to the labour market. There is a severe 
scarcity of finance capital for investment in new 
enterprises and retooling of existing industries. 
Government spending will be severely constrained over 

the next decade.  



While the team was producing this report, the circumstances in Egypt 
were constantly changing. Much of the data presented in the 
preceding chapters are, therefore, outdated. Nevertheless, this much 
remains perfectly clear: Egypt’s future depends in large part on the 
skills and resilience of its young people. However, too many young 
people are not developing at school the attributes that are needed.  

 
The urgent priority for Egypt is to make education and training 
relevant to its economic prospects. It will need to do so in ways that 
develop rounded citizens who can work together to build a cohesive 
society.  Effective investment in human capital formation is, 
therefore, critical. Effective investment means raising the productive 
capacity of the workforce. It also means producing an open and 
enlightened citizenry. And it means enabling all individuals – 
regardless of their personal characteristics and social backgrounds – 
to achieve to the full potential of their talents. Effective education 
means that students learn what they need to know, understand and 

be able to do for work, life and further learning.  



There is a large agenda of things to be done to improve education and 
training but there are limited financial resources for this great task. 
While there is a clear need for greater public investment in schooling, 
and some room could be made by reductions of unsustainable 
subsidies, the volatility of current circumstances requires an 
assumption of very limited immediate real growth in government 
spending for education. In this environment, it will be important to 
harness the support of donors and co-ordinate their efforts with 
those of the government.  
Additionally, it will be necessary to increase private investment in the 
provision of schooling, within a policy and regulatory framework that 
safeguards quality and equity.  Effective investment in human capital, 
however, does not mean merely spending more money on education, 
or merely producing more graduates with higher qualifications. Egypt 
has too little of the former and too many of the latter. Clear priorities 
need to be set and followed. That means deliberately deciding not to 
do some things at all, and to do some other things more slowly, in 
order that the most important things get done well as soon as 

possible.  



The National Education Strategic Plan 2007-2012 tried to do too many 
difficult things too quickly. Consequently, while it laid important 
foundations for future building, too many things were not done 
properly, and the most important reforms were not progressed as far 
as necessary. The transformation that is required in Egyptian 
education involves improving the learning experiences and outcomes 
of schooling so that educated youth can be productive and 
contributing citizens. That involves shifting the orientation of 
Egyptian schooling from the acquisition and repetition of knowledge 
to the development and demonstration of skills.   
That means reforming schooling fundamentally. It means not only 
giving a high priority to increasing equity of access to schooling but 
also giving much greater priority to improving educational 
effectiveness. It means focusing on how, and how well, students learn 
core cognitive skills. It means, therefore, reducing the current 
emphasis on curriculum content coverage, changing classrooms from 
passive to interactive places of learning, and using assessment 
professionally to monitor student progress and inform educational 
interventions, rather than as a crude and unfair tool for social sorting 
– ruling out for some, and limiting for others, their lifetime 

opportunities.  



It also means completely overhauling the underperforming, under-
resourced and undervalued provision of technical and vocational 
education and training, by upgrading its capacity and status, 
reorienting its offerings to contemporary and emerging labour 
market requirements, and integrating it as a system at the centre of 
Egypt’s economic transformation agenda.  The most pressing 
requirement is to improve the way young people develop the skills 
they need to participate in the labour market.  
That means re-committing to the 2007-2012 plans for secondary 
modernisation, including both general and vocational education. 
Continuing attention will also need to be paid to improving students’ 
development of core cognitive skills in their early years of schooling.   
The common factor undermining efforts to improve student learning 
at all levels is the invalid structure of assessment and its improper use. 
The most insidious and pervasive influence in Egyptian education is 
the thanwiya amma exam. Without its reconstruction, alongside the 
development of more valid and reliable assessment methods and a 
more flexible approach to university admissions, it is difficult to see 

real progress being made in educational practice and culture. 



The team was impressed by the depth of understanding among 
Ministry of Education officials of the imperatives for schooling 
reform, and the directions that need to be pursued to make schooling 
more effective, and by their professional commitment, patience and 
persistence. In the view of the team, the major obstacles to 
substantive educational reform are embedded in aspects of Egyptian 
cultural norms that officials, notwithstanding their competence and 
commitment, cannot shift alone.  
Fundamental educational reform will involve largely counter-
balancing, if not overturning, long-held and culturally embedded 
beliefs about what is worthwhile in educational purposes and 
processes in Egypt. Achieving success in this endeavour will require a 
genuine and open discussion about values. Among other things, this 
will mean taking the education debate to the core of Egypt’s 

economic development dialogue.  



The core public policy responsibility of the government and its chief 
advisors is to set goals, allocate resources and assign accountabilities. 
The goals need to be clear and well understood. The resources need 
to be sufficient and fairly distributed. The accountabilities need to be 
based on the performance throughout the system of those who have 
stewardship of the resources to achieve results linked to the goals. 
The review team was impressed by many of the teachers and school 
leaders it had the opportunity to meet.  
They have genuine interests in the development of the children and 
young people they serve. They deserve clarity about key educational 
goals and specific objectives for improving student learning. They 
deserve respect for their professional ability to design learning 
experiences that enable students to achieve those objectives.  The 
Ministry of Education has the responsibility to set the educational 
goals for Egypt’s schooling system. The ministry needs to move away 
from input targets and to articulate goals for student learning 
outcomes. It has already embarked in this direction by articulating 
educational outcomes in terms of cognitive, personal and 
interpersonal skills, but these efforts are countered by a cluttered 
curriculum, teachers’ preferences for teaching through recitation, and 
parental pressure for students to get high marks in the content-based 

exams.  



The Ministry of Finance and the Ministry of Education have the 
responsibility to allocate resources transparently and equitably, and in 
ways that are linked to clear goal-based performance expectations. A 
student-based model for allocating resources needs to replace the 
current opaque and unfair arrangements for resource allocation. School 
principals and classroom teachers should be given more discretion in the 
use of available resources and held accountable for the results they 
achieve. Teachers should have flexibility of ways and means to achieve 
improvements in student learning outcomes. The educational leadership 
at the muddiriyas and idaras need to see their role as managing for 
results, rather than just inspecting to ensure that particular matters are 
covered or to constrain what principals and teachers can do.  
They need to focus on what students are learning to do, and provide the 
support that principals and teachers need, including by diffusing good 
innovations in teaching practice. Teachers generally will need more 
focused support so that they can continue to improve their teaching, and 
the opportunity to share and learn with their professional colleagues. 
The formation of the Professional Academy for Teachers represents a 
major, long-term structural advance. Teacher education generally, 
especially pre-service teacher education, will need to be sharpened up 

and, in some areas, especially in TVET, reshaped.  



A well-constructed and well-communicated change agenda, grounded in 
evidence about current deficiencies and looking ahead to future 
imperatives, bringing together progressive teachers and school leaders, 
should harness considerable educator support. Nevertheless, resistance 
to change is to be expected, including from both powerful and 
powerless quarters. It will be necessary, therefore, to call on the wider 
community of individuals, families and employers to champion the 
necessary changes and help make them possible.  
Employers, especially in private-sector enterprises, which will be the 
main source of Egypt’s future economic base, should have a strong say in 
helping to reshape secondary education, as well as TVET more broadly, 
and thereby helping to shape Egypt’s future labour supply. Serious 
attention needs to be paid not only to what change is required but also 
to how that change can be implemented, followed through and 
embedded in culture and practice  in all classrooms, and in the steering 

and supporting arms of government administration at all levels. 



Considerable effort will need to be applied to making the 
necessary shift from an authoritarian and unaccountable 
management model to one based on transparent 
information that underpins accountability for performance 
at every level. As noted in preceding chapters, there are 
underlying issues of governance beyond the education 
sector that will need to be addressed for educational 
reforms to be effective. Broad public-sector reforms will be 
necessary complements to the education-specific and 
labour-market reforms identified in this review.   
There is much in the contemporary Egyptian condition to 
give cause for despondency but much more to give hope in 
the potential of Egyptian youth to forge a new future. 
Egypt’s basic challenge, its basis for recovery and its source 

of future strength, is to let its people learn to learn.  





Education reform Program in Egypt  
(2004-2009). 



Further Discussion  
Based on the literature reviewed, the classes observed, and the 
interviews conducted, I reached the understanding that a teacher‘s 
status in the school coupled with the importance placed on the subject 
they teach shape the way in which they choose to conduct their lessons 
and deal with the students. The data that I gathered from the 
observations conducted was of great value and showed how teachers 
and students react to the different subjects. However, I believe that the 
interview conducted with the HR manager and the Arabic Head of the 
Department gave me greater insight into the issue at hand. The 
problem faced now is that students are expected to achieve a high 
grade point average in the subjects that will enable them to enter 

university. 
 These subjects are the ones that are taught in English, and 
consequently they are seen as core subjects. Therefore, the students 
put all their efforts in trying to achieve high academic ranking to be 
able to pass the core subjects. However, according to the Arabic HOD, 
since the subjects taught in Arabic are not a part of the student‘s grade 
point average, therefore, less efforts is put on achieving grades on 
these subjects. He explained that this leads the teacher to feel 
discouraged and consequently marginalized. Which connects very well 

with what the HR manager said earlier.  



The school spends a lot of money on teachers who teach subjects delivered 
in English because these are the subjects that will help students graduate 
and get into college. Moreover, according to the Arabic HOD, although the 
Egyptian MOE spends time and effort on allocating teachers in 
international schools and monitoring the progress of these teachers when 
it comes to the curricula they teach, discrepancies still happen in the 
system. This in turn affects the teacher and their overall performance in the 
classroom that is reflected in classroom management and the way they 
choose to manage the curriculum.   
Subsequently, when it comes to classroom management, the marginalized 
teachers find it exceedingly hard to control their students and have a well-
established learning environment. The core teachers were able to provide 
their students with an effective learning environment by being able to 
manage their classes. The core teachers were able to set classroom 
procedures that were effective and they used strategies that would make 
them able to handle a classroom and productively use class time. That is 
because classroom management also entails teacher‘s ability to be able to 
manage time and provide students with tasks that would allow them to 
effectively use class time and not waste the lesson (Compilation of 
professional development core content to support the new teacher 

induction program: A resource for broad NTIP teams, 2010).  



Unfortunately, in some of the cases discussed, the 
marginalized teachers were not able to do the same because 
there was not mutual respect present between them and their 
students.  This leads to the second issue, which is the 
relationship between the teacher and the student in relation to 
the student‘s in class behavior. When teachers gain the respect 
of their students they are able to formulate a relationship in 
the classroom that is based on mutual respect and 

understanding.  
This relationship helps educators provide their students with a 
beneficial learning environment. If there is no respect between 
the two parties, then the learning experience is jeopardized. 
Broad and Evans (2006) explain that it is very important for 
teachers and students to respect each other because this links 
both the student and the teacher and helps them both to 
achieve the task they are working towards, which is quality 

education.  



Furthermore, based on the research and the observations conducted, I was 
able to gather that teaching techniques and using technology in the 
classroom are both an essential tool for the success of the educational 
process. As previously mentioned, students learn in different ways, and 
that is why it is very important to educators to keep that in consideration in 
order to be able to reach all their students(Robertson, Smellie, Wilson, & 
Cox, 2011). The marginalized teachers are not very keen on using technology 
in the classroom because they do not view it as an important aspect.  
In comparison with the core teachers, they make it a point to use videos 
and PowerPoint in order to make their classes more interesting and to 
engage their students more.  All the above-mentioned issues and problems 
explain why the researcher concluded that Mr. C and Ms. R are marginalized 
in their own working environment. Whether the school does that on 
purpose or not is beside the point. The important thing to notice here is 
that the power struggles demonstrated in how the core teachers are 
treated in comparison to the marginalized teachers, and how the school 
administration gives prestige to some teachers over others affect how 
teachers do their job, which leads me to this paper‘s conclusion.  

  



Conclusion  
Based on the research gathered and the observations that 
were conducted, I was able to reach the following 
conclusion. The teacher‘s status in the school coupled 
with the universal knowledge of the importance of the 
subject they teach are directly related to the level of 
respect they receive from students and colleges. When 
students know that specific teachers and their subjects 
are not regarded as important in the school, they start 
acting accordingly. Their actions may be in the form of 
constant misbehavior, displaying disinterest in the subject 
and teacher, and a constant urge to break the class rules. 
All these factors start to build up inside the teacher 
causing them to lose interest in effectively managing the 
classroom and negatively affect their teaching 

techniques.  



This knowledge is then projected onto the students, 
which results in a vicious cycle and in the formation of the 
―marginalized teachers.‖ Moreover, the knowledge that 
no matter how long their experience has been and how 
achieved they are, they are still placed on the bottom of 
the hierarchal chain because of the subject they teach is 
very discouraging. Issues such as the salaries they receive 
and their position in the school are enough to discourage 
teachers and hold back their performance.   

 
This research could be taken further by looking deeper 
into power struggles in schools. More observations need 
to take place with a wider sample covering more schools. 
Arabic classes could also be observed to see if the 
predictions made in this paper involve the subject that 
teaches student how to think, read and write in their 
mother tongue.   
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