
 

 

 

Integrating Biodefense Topics into Secondary Education Curriculum 
 

A dissertation submitted in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at George Mason University 
 
 
 

By 
 
 
 
 

Karen E. Dalfrey 
Master of Education 

George Mason University, 2003 
Bachelor of Science 

George Mason University, 1992 
 
 
 
 
 

Director:  Patrick Gillevet, Professor 
Department of Environmental Science and Policy 

 
 
 
 
 

Spring Semester 2009 
George Mason University 

Fairfax, VA 
 
 
 
 
 

 



ii 

 
 
 
 
 
 
 
 

 
Copyright 2009 Karen E. Dalfrey 

All Rights Reserved 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

iii 

 
 
 
 

DEDICATION 
 
 
 

This is dedicated to my parents, my sister Kathy, and my Labrador Ashley. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 



 

iv 

 
 
 
 

ACKNOWLEDGEMENTS 
 
 
 

I would like to thank the many family and friends who have supported me through this 
process.  My father provided unequivocal belief in my abilities and paternal pride that 
never let me quit. My mother provided endless maternal concern as well as wisdom about 
the importance of maintaining balance in all aspects of life. My sister, Kath, tirelessly 
listened to my progression through the program, helped me to believe in myself and my 
abilities, and continuously reminded me of my dreams.  My sister, Chris, always had an 
understanding heart about time limitations as well as selfless compassion during trying 
times.  My Labrador, Ashley, provided calming and unconditional companionship as well 
as daily reminders of the importance of playtime.  Drs. Gillevet, Jonas, Briggs, and 
Sturtevant provided invaluable advice and support.  Dr. Terry Creque assisted me with 
submission of grant proposals and pursuit of funding to support the workshop.  The 
Washington D.C. Branch of American Society for Microbiology generously granted 
funding for the workshop.  The family and staff of Goodway Graphics provided editing 
and professional assistance in creating workshop textbooks.  My co-workers, Julie and 
Diane, provided moral support and a calming atmosphere in which to work.  And finally, 
a very personal thanks to a worn pair of running shoes for providing miles of solace and 
countless hours of reflection, enabling me to prevail. 

 
 

 
 
 

 
 
 
 
 
 
 

 
 

 
 



 

v 

 
 
 
 

TABLE OF CONTENTS 
 
 

                                                                                                                             Page 

List of Tables……………………………………………………………………….…………   vi 

List of Figures…………………………………………………………………………………..vii 

Abstract….............................................................................................................…………..…viii 
1. Introduction .......................................................................................................…1 

The Importance of Education ............................................................................…1 
      The Concept of Biodefense and Bioterrorism ..................................................…2 
2. Bioterrorism ..........................................................................................................6 

Historical Precedence of Bioterrorism ..............................................................…6 
      Importance of Biodefense in the 21st Century ..................................................…7 
      Current Threats .................................................................................................…8 
3. Naturally Occurring Biothreat Agents ................................................................15 
4. Incorporating Bioinformatics into Curriculum-Application of Skills to  

Enhance Knowledge ...........................................................................................18 
5. The Importance of High School Teachers and Curriculum ................................20 
6. Incorporating New Content into Current Curricula-Teachers Accommodating  

Change ................................................................................................................24   
7. The Professional Development Experience-Facilitating Teacher Change .........29 

Reported Barriers to Facilitating Change ...........................................................30 
Standardized Curriculum and Mandated Testing ...............................................30 
Limited Weight of Teacher Input .......................................................................32 
Limited Support and Collaboration ....................................................................33 
Summary of the Purpose of the Current Study ...................................................33 

8. Examining Factors Relating to Teacher Change ................................................35 
Specific Focus of Research .................................................................................35 
Significance of the Study ....................................................................................36 
Description of the Workshop ..............................................................................37 
Research Design and Methodology ....................................................................39 
Sample for the Study ...........................................................................................41 
Data Design and Collection ................................................................................44 
Statistical Data Analysis .....................................................................................44 

9. Evaluation of the Factors Influencing Teachers Accommodating Change and             
the Effectiveness of the Professional Development Experience .........................50 
Descriptive Statistical Results of Pre-Workshop Survey Responses ..................50 



 

vi 

Factor Analysis Results of Pre-Workshop Survey Responses ............................57 
Independent t-test Results of Pre-Workshop Survey Responses ........................72 
Descriptive Statistical Results of Post-Workshop Survey Responses ................83 

10. Conclusion and Future Research ........................................................................91 
Limitations to Study ............................................................................................94 
Future Research ..................................................................................................95 
 

Appendices ......................................................................................................................99 
            Workshop Module Activities ..............................................................................99 
 Teacher Participant Pre-Workshop Survey .......................................................155 
 Teacher Participant Post-Workshop Survey .....................................................164 

List of References .........................................................................................................168 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 



 

vii 

 

 

LIST OF TABLES 
 
 

Table             Page 
 1.   Participant Demographics ....................................................................................…43 
 2.   Pre-Workshop Survey Component Labels .......................................................……45 
 3.   Post-Workshop Survey Component Labels .....................................................……47 
 4.   Descriptive Statistics of Pre-Workshop Components ..............................................54 
 5.   Communalities Between Factors Table ...................................................................59 
 6.   Factor Analysis Total Variance Explained ..............................................................61 
 7.   Factor Analysis Structure Matrix .....................................................................……66 
 8.   Factor Analysis Pattern Matrix ................................................................................68 
 9.   Factor Correlation Matrix ........................................................................................71 
10.  Independent Samples Inferential Statistics ..............................................................75 
11.  Independent Samples Descriptive Statistics ............................................................81 
12.  Descriptive Statistics of Post-Workshop Survey .....................................................85 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 

viii 

 
 
 
 

LIST OF FIGURES 
 
 

Figure             Page 
1. Data Distribution Curves ............................................................................……52 
2. Factor Analysis Scree Plot ..........................................................................……63 

 
 
 
 
 
 



 
 
 
 
 

ABSTRACT 
 
 
 
 

INTEGRATING BIODEFENSE TOPICS INTO SECONDARY EDUCATION 
CURRICULUM 
 
Karen Dalfrey, PhD 
 
George Mason University, 2009 
 
Dissertation Director: Dr. Patrick Gillevet 
 
 
 
 

Concerns about threats posed by microorganisms found in nature are compounded 

with the possibility for intentional dissemination.  Our vulnerability has increased due to 

more frequent travel between geographical regions, newly emerging pathogens, changes 

in terrorist activities, and advances in biotechnology.  To increase awareness and global 

preparedness for threats posed by biological agents, educators need to have access to 

training and materials to educate the next generation in these issues.    

 To assess what approach would provide educators with the tools necessary to 

incorporate biodefense related content into their current curricula, secondary education 

science teachers were surveyed about factors limiting the content of curricula presented 

in their courses.  Results indicate that the most influential barriers to curricula change are 

time limitations and state mandated exam pressures.  Analysis measuring differences in 



survey responses between two groups of teachers who are separated based on their level 

of using mandated state objectives to guide their curricula planning indicates that 

pressures of state mandated exam scores and a general fear of unsuccessful results are 

determinants for separating teachers into one of these two groups. 

A teacher training workshop conducive to supporting curricula change was held 

with the goal of increasing awareness of current threats posed by biological agents and 

modern biodefense strategies.  The workshop was also designed to assist participants in 

overcoming barriers challenging their ability to incorporate new content into curricula.   

Participant responses to a post-workshop survey were favorable for measurements 

of the workshop effectiveness towards diminishing barriers to teacher initiated curricula 

changes.  Respondents reported increased understanding of modern biology, increased 

realization of the importance of updating curricula with modern knowledge, and 

increased likeliness of incorporating content from the workshop into current curriculum.   
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Chapter 1: Introduction 

 

1.1   The Importance of Education 

Awareness of the concept of biodefense and bioinformatics tools used for 

biodefense is not a current priority in most high school academic environments. 

Education of the threats posed by biological agents as well as methods for detection and 

response are vital to our levels of national security.  It is important that awareness and 

preparedness for threats posed by both naturally occurring and intentionally released 

biological agents is heightened so that our country’s defense measures may competitively 

rise to future challenges.  The future of biodefense lies in the hands of our rising 

generation.   

The overall purpose of this study is to determine if a professional development 

experience for secondary education teachers with the goal of informing participants about 

biological threat agents and defense practices would be an effective method to provide 

training and materials necessary to prepare the next generation of the workforce.    

The following sections provide background on the concept of biodefense, 

including controversy about naturally occurring threat agents being included within the 

defining boundaries of what constitutes “biodefense.”  For the purpose of this study, both 

intentionally released and naturally occurring threat agents will be included in the realm 
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of biodefense since identical laboratory practices involved in identifying and countering 

infection processes are used regardless of method of dissemination.   

The heightened threat of biothreat agents due to bioterrorist acts will also be 

discussed, both from historical accounts and current perspectives.  Bioinformatics will be 

included within the realm of biodefense and discussed as relevant to laboratory 

techniques and tools utilized in biodefense efforts and instruction.   

Since the design of this study includes a module of curriculum that introduces 

teachers to the idea of integrating concepts of biological threats and biodefense practices 

into current curriculum, factors attributing to influencing teacher change will also be 

discussed. 

1.2   The Concept of Biodefense and Bioterrorism 
 

Microbial biological agents are found in abundance in nature, existing as normal 

flora of plants, animals, and humans.  Although most exist in non-pathogenic form, some 

pathogenic biological agents are capable of inflicting disease upon a specific host, often 

causing outbreaks that spread through air, water, and food sources.  These microscopic 

agents are very hard to detect, and their presence can go unnoticed for varying periods of 

time before onset of observable symptoms in affected hosts.   

Because of the potential for devastating numbers of casualties due to pandemic 

outbreaks of disease, medical defense against biological agents has been a priority of 

governmental and public health agencies for decades.  Although the concept of taking 

measures to protect people against biological agents is not a new initiative, medical 
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defense against the purposeful use of biological agents as weapons of warfare or 

terrorism is a novel area of study previously unfamiliar to many public health officials.   

Although the use of biological agents as weapons has been recorded throughout 

history, the threat level has increased in recent decades.  Concerns have heightened 

towards the existence of offensive biological weapon programs in countries hostile to 

western democracies, some of which have been reported as seeking weapons of mass 

destruction, including biological agents.  The term “biodefense” has therefore recently 

emerged, broadening the concept of medical defense against biological agents to include 

medical measures to protect people, livestock, and agricultural products against 

biological or synthetic agents related to warfare or terrorist activity.   

Governmental funding for research and development related to biodefense has 

initiated debates about what exactly constitutes biodefense.  According to Dr. Richard 

Ebright,  Professor for the Department of Chemistry and Chemical Biology at Rutgers 

University,  a broader definition of biodefense should include not only prioritized  

bioweapon agents, but also research on basic microbial science having, in his opinion, 

even higher scientific, public health, and biodefense relevance ("Scientists React to NIH 

Focus on Biodefense," Genomics and Proteomics Magazine, 2005).  Government-

established research priorities and money allocations are being questioned by researchers 

who view the high focus on categorized threat agents as being inequitable since other 

diseases such as tuberculosis, malaria, and AIDS are resulting in millions of deaths each 

year.  According to the Science Advisory Board,  forty percent of biodefense researchers 

believe the study of emerging infectious diseases should receive more resources than 
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currently allotted ("Opportunities in Biodefense Research," Science Advisory Board, 

2006).  Given the current political climate, funding has been largely directed toward a 

select group of pathogens.  The argument that emerging infectious disease agents have 

higher scientific and public health relevance than categorized biothreat agents is shared 

by many researchers seeking funding.  Although public support for research specifically 

designed to defend against terrorism threats is likely to remain high,  political pressures 

may influence future allocations of research funds to include higher contributions 

towards other infectious diseases ("Scientists React to NIH Focus on Biodefense," 

Genomics and Proteomics Website, 2005).   

From both a scientific and medical perspective, many share the viewpoint that 

biodefense encompasses any agent that poses a health threat to humans, regardless of 

natural or intentional dissemination.  Justification for this viewpoint is based on the 

argument that few differences exist between emerging infectious diseases occurring 

naturally and those intentionally inflicted.  One difference is that intentionally released 

agents have possibility for higher virulence and faster spread into more susceptible 

populations.  Modes of transmission might also differ between intentionally released and 

naturally occurring agents.  Since differences in the outcome of disease characteristics are 

minimal between intentionally released and naturally transmitting agents, bioterrorism in 

this study is defined as the use of pathogenic microorganisms, products of 

microorganisms, or synthetically produced microorganisms to cause harm to people and 

inflict widespread fear or intimidation within society for personal, political, or ideological 

based goals. The field of biodefense as referenced in this study encompasses prevention 
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and protection, surveillance and detection, response and recovery, and threat awareness.  

It includes outbreaks of disease by either natural or intentional forces.  The scope of 

biodefense in this study is therefore broadened to include defense against all possible 

biological-based agents that pose threats of outbreaks as well as the tools necessary for 

defense against these agents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 6

 

 

Chapter 2: Bioterrorism 

 

2.1   Historical Precedence of Bioterrorism 

Terrorism has been a threatening international problem for many decades, with a 

reported 40,000 incidents between 1960 and 1980 (Freeh, 1997).  Utilization of 

biological agents in attacks from 1960 to 1999 was rare, with reports of only 121 

incidents related to bioterrorism and biocrime (Tucker, 1999).  Such incidents included 

the Rajneshees utilizing Salmonella typhimurium bacteria during the early 1980’s to 

sicken hundreds of residents in The Dalles, Oregon for politically-based motives.  In 

addition, during the 1990’s, Aum Shinrikyo used multiple biological and chemical agents 

against the Japanese civilian populations, but failed to carry out effective open-air attacks 

with anthrax spores or botulinum toxin as planned. Other terrorist groups have shown 

interest in utilizing biological-based agents to attain their goals in more recent years, with 

many reports of successful production of such agents.  Nefarious practices and intents can 

be traced back to as early as 1900, but exponential increases in more recent decades 

indicate a trend in which terrorists may be turning to biological weapons to attain their 

goals (Hoffman, 1997). 

With few historical events to set precedents for terrorist organizations utilizing 

biological weapons, international governmental agencies are attempting to assess the 

current threat level for such an attack.  Amongst the variables involved are motive of the 
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terrorist organization, financial and educational training support, access to agents and 

materials, and skill level of members within the organization.  Governmental agencies are 

tracking the organization and activities of large terrorist groups in attempts to monitor 

their motives, leaders, and support structures in order to estimate current risks of attacks 

and determine the most likely methods to be utilized by various groups (Shea, 2004; 

Tucker, 1999). 

2.2   Importance of Biodefense in the 21st Century 

Terrorist organizations are evolving rapidly, not only in their structure, but in their 

motives and goals as well.  Historically, groups often consisted of several individuals 

belonging to an organization with definitive command and control.  Leaders were also 

skilled terrorists who engaged in conspiracy and plotting attacks on a full-time basis.  

They also tended to have more constraints with limits set by moral and cultural beliefs.  

Often operated by a foreign government, traditional terrorist groups engaged mostly in 

selective acts with “symbolic” targets.  They were politically motivated, yet conservative 

in operations,  and often hesitant to engage in practices beyond the use of conventional 

weapons (Bowman, 1999; Shea, 2004; Tucker, 1999).  

Although traditional groups such as Germany’s Red Army Faction and Italy’s 

Red Brigades considered using more indiscriminately lethal weapons, they never went 

beyond the constraints set by precedence.  They maintained the principle of attaining 

their goals while using the least force necessary and causing the least number of deaths 

possible.  Their tactic, as seen with most historical organizations, was creating terror in 
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situations where many people were watching rather than causing massive numbers of 

deaths (Hoffman, 1997). 

2.3   Current Threats 

Today’s terrorist groups often bear fundamentalist views and sometimes lack 

clear political goals and moral limitations.  Many terrorists today are religiously inspired, 

and often have different mindsets and justifications compared to secular terrorists seen in 

the past.  Many of the precedents that set moral constraints seen with secular terrorists 

have eroded, suggesting an increasing trend of lethality in upcoming attacks  (Bowman, 

1999; Hoffman, 1997; "The Sociology and Psychology of Terrorism: Who Becomes a 

Terrorist and Why?," Library of Congress, 1999).   As the structure and organization of 

these groups evolve, their choices between conventional and unconventional methods 

used in attacks to carry out their goals also appear to be changing (Shea, 2004).  Previous 

stereotypical assumptions about terrorist organizations and tactics have been recalled 

based on more recent attacks involving large numbers of casualties or use of weapons of 

mass destruction.  The 1993 bombing of the World Trade Center by Islamic radicals and 

the March 1995 attack on the Tokyo subway by a religious cult indicate that terrorism has 

evolved into more violent and lethal incidents.  The 1995 Oklahoma City bombing, 

although not religion-based, also supports this indication in changing trends of terrorism. 

Each of these was connected in some way to religious beliefs, confirming the religious 

element as being factored into the evolution of terrorism (Hoffman, 1997).  Together 

these examples demonstrate that a more serious threat may be emerging as today’s 
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conspiracies by terrorist groups are often more volatile with regards to motivation factors 

and decreased levels of boundaries or limitations. 

Today’s escalated threat levels for acts of terrorism are due not only to monetary 

support from organized countries but also to advanced scientific skills of many potential 

terrorists.   Many current terrorist organizations have abilities and access to equipment or 

materials exceeding the “professional terrorist” capabilities of the past.  Some members 

are professionals working in medical, scientific, financial, and industrial sectors, allowing 

for increased knowledge and unquestioned access to technology or materials that could 

be utilized for nefarious purposes (Bowman, 1999; Tucker, 2003).   

Today’s terrorists no longer need to attend training camps led by conspiracy or 

tactical experts to acquire knowledge. Scientists involved directly in prior offensive 

weapon programs that have since reportedly been dismantled may be part of anti-Western 

democracy terrorist groups.  The very successful offensive program of the former Soviet 

Union involved thousands of personnel skilled in manufacturing biological weapons.  

Currently only a few of these scientists are accounted for, escalating the threat level that 

organizations might employ these scientists and utilize their skills malevolently (Carus, 

2001; Cook, 2002; Davis, 1999). 

Also escalating threat levels are the relatively recent new technological advances 

which may enhance terrorist efforts.  Within the past few decades new advances in 

biotechnology and genetic engineering have brought about promise for discoveries that 

could lead to new treatments and cures for disease. Scientific researchers have made 
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advances in the areas of molecular microbiology and immunology, leading to new 

approaches in prophylactic measures, treatments, and vaccines.   

Unfortunately, technologies and knowledge used for such legitimate research offers 

terrorists the capability of dual-use conversion of equipment and protocols for malevolent 

practices with relative ease.   

As mentioned previously, many of the former Soviet Union offensive weapon 

research scientists are unaccounted for and may be involved in current terrorist support 

systems, if not members themselves.  A major component of work done at Biopreparat, a 

research and development component of the former Soviet Union biological weapons 

program, utilized genetic engineering to improve capabilities of biological weapons  

(Davis, 1999).   Involvement of any of the scientists capable of genetically modifying 

organisms to produce new weapons in terrorist organizations is a threat we face today. 

Dual-use technology incorporated with skills of trained scientists with malevolent intents 

suggests possibilities of unprecedented terrorist acts (Tucker, 2003).  

Media and Internet communications have also greatly enhanced the capabilities of 

terrorist groups.  Broadcasting incidents by the media not only satisfies the party 

responsible for the attack, but also exposes methods that were effective and could be 

utilized again in subsequent attacks.  In addition, the Internet allows for public access to 

many scientific protocols and research developments that could be utilized with nefarious 

intent.  Although regulations concerning public access to this type of information are in 

continuous discussion in the scientific community, the argument that such information 
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allows for collaboration amongst researchers in biodefense programs currently limits the 

amount of regulation imposed. 

Rapid advances have been made in genome sequencing of microbes that have 

been categorized by the Centers for Disease Control and Prevention as possible biological 

weapon agents.  Some CDC-labeled “Category A” pathogens that have been recently 

sequenced include strains of Bacillus anthracis, Yersinia pestis, and Yersinia 

pseudotuberculosis.  A few of the “Category B” pathogens include Burkholderia mallei 

and pseudomallei strains (Tucker, 1999).  Entire genome sequences for the strains are 

available online without controlled access, therefore easily accessible by anyone.  

Ortholog cluster genes can also be researched with open access,  disclosing genes 

involved in drug resistance, virulence, pathogenicity, and environmental adaptations for 

various microbes ("TIGR," The Institute for Genomic Research: Pathema).  In fact, the 

exact identification of loci for genes involved in drug resistance can be found easily on 

the Internet, and knowledge of nucleotide sequences directly preceding and following 

these genes would allow skilled scientists to develop primers and probes to target these 

specific genes ("TIGR," The Institute for Genomic Research: Pathema).  

Recombinant DNA protocols to create chimera organisms are also published and 

available for public access.  A report in the Journal of Virology in 1997 described 

methods for introducing mutations into a virus to create a completely new virus.  

Protocols involved replacing part of a protein-coding gene in an infectious feline virus 

with that of a mouse hepatitis virus.  The recombinant virus no longer infects cats, but 

mice instead (Benbacer, 1997).  This could be useful information for anyone with 
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interests in manipulating host-specific microbes and creating recombinant strains able to 

infect new hosts.  Manipulations creating recombinant species could cause delay in 

treatment for those infected by chimeras since identification of the responsible agent 

could be a more time-consuming, if not impossible, process. 

Another example of nefarious practice possible by public access to scientific 

research includes United States researchers 1986 reporting of specific protocols for 

isolating a gene for the lethal factor in Bacillus anthracis and introducing it into a 

harmless intestinal bacterium.  The new strain had the same deadly effects of anthrax, yet 

the bacteria housing the gene for virulence is much easier to acquire than Bacillus 

anthracis  (NAS, Preceedings of the National Academy of Sciences of the United States 

of America). Antibiotic resistance genes have also been reportedly inserted in fully 

virulent strains of anthrax by many research groups (Bowen, 1999; Nass, 1991; Pezard, 

1993; Pomerantsev, 1996).  Although the protocols for these laboratory procedures were 

used for biodefense purposes, the same procedures could be utilized nefariously to 

increase the effectiveness of bioweapons.   

Midori et al. reported that studying genetic variability within pathogenic 

populations will provide insight into the agent’s evolution and pathogenesis.  This 

research group used a Mycobacterium tuberculosis high density oligonucleotide array to 

detect genomic deletions among isolates (Midori, 2001).  Array-based comparative 

genomics is fairly new technology that allows for explorations of molecular-based 

microbial pathogenesis.  By allowing for comparative genome analysis and genome 

expression analysis, this technology shows promise for genetically-based modifications 
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in curing disease.  Unfortunately, there is a dark side to this information being openly 

accessible to the general public. 

 Although nefarious uses of information provided in such openly-accessible 

scientific research articles is not discussed by the researchers, creativity is the only 

missing element to be supplied by terrorist individuals with some scientific background. 

With accessibility to scientific research protocols on the Internet as well as  commercially 

published guides to poisons, bomb construction, and assassination methods,  today’s 

terrorist needs little more than motivation to carry out their intent (at least on a small 

scale basis).   

Potential futuristic types of bioweapon agents include benign microorganisms 

genetically altered to become pathogenic, microorganisms with multi-efflux pump 

resistance genes creating strains resistant to many antibiotics, microorganisms that 

sustain viability and stability during bioweapon processing and dissemination practices, 

as well as microorganisms that either fail detection by technological and/or 

immunological systems or become more pathogenic when exposed to immunological 

reactions. 

Another bonus for anyone with nefarious intents is that biological materials are 

relatively easy to acquire from nature, although a bit of creativity may be necessary to 

gain access.  As mentioned previously, many terrorist groups are sponsored by countries 

that would allow for additional technological skills, access to equipment and materials, 

and financial support.  Industrial dual-use of technology concerns also heighten the threat 
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of such an attack and have prompted trade regulation programs (at the national level) to 

limit individual access (Carus, 2001; Shea, 2004; Tucker, 2003).   

In summary, although intelligence and response preparation initiatives have likely 

deterred some terrorist activity, the threat level posed by terrorist organizations against 

western democracies has heightened within the past decades.  Terrorist motives have 

become more religious-based, and their tactics in future attacks may reflect their 

vigilance and disregard for casualties involved.  Increased access to materials and 

methods to construct weapons of mass destruction may also propagate increased numbers 

of small scale attacks in the future (Bowman, 1999).  

Utilization of new age weapons of mass destruction including biological weapons 

may increase in the future over conventional weapon use in order to keep the element of 

surprise involved.   Increased availability of biotechnology and communication, coupled 

with savvy terrorists having religious-based motives and fewer limitations, increases 

possibilities that the United States may experience additional attacks in the future.  

Increased vigilance in intelligence as well as persistence in implementing regulations set 

on possible dual-use agents and materials are necessary to minimize risk of such 

occurrences.  Most importantly, it is essential not to underestimate the potential of any 

terrorist organization and to look outside of historical trends for new and more creative 

methods that might be utilized to catch us off guard.   
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Chapter 3: Naturally Occurring Biothreat Agents 

 

In addition to intentionally released biological agents, inevitable outbreaks by 

emerging or re-emerging infectious disease pose continuous threats heightening the 

necessity for awareness in public health officials and civilians.   The Spanish Flu 

pandemic in 1918 infected about one fifth of the world’s population, with a mortality rate 

of 2.5%, killing nearly fifty million people worldwide.  Although the marvels of modern 

medicine have greatly enhanced capabilities to eradicate some infectious diseases through 

vaccination programs, many infectious disease agents continue to pose a threat to society.  

For example, the world is facing a new strain of influenza virus, H5N1, which is a form 

of avian flu showing a mortality rate of 52% in small Asian outbreaks (Kaper, 2005; 

Rose, 2001) .  If this virus mutates into a form that is transmittable between humans, the 

results could be even more devastating than those experienced with the 1918 pandemic. 

Naturally occurring infectious diseases of concern today can be grouped into the 

broad categories of either problems or threats.  Diseases included in the problem category 

are those with high incidence rates, high mortality and/or morbidity rates, and high 

economic impacts.  Those included in the threats category are often more rare than those 

in the problem category, but have potential for escalated incident levels in the future 

(Kaper, 2005).    
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  Among the fairly recent emerging diseases are Lassa Virus in 1969, Ebola 

hemorrhagic fever in 1977, Legionnaire disease in 1977, hemolytic uremic syndrome in 

1982, Lyme disease in 1982, AIDS in 1983, cholera in 1992, hantavirus pulmonary 

syndrome in 1993, West Nile Virus in 1995, and new pandemic influenza strains which 

emerge periodically.  Examples of re-emerging diseases include diphtheria, malaria, 

meningitis, pertussis, rabies, rubeola, schistosomiasis, tuberculosis, and yellow fever 

(Andrews, 2003). 

Currently, Human Immunodeficiency Virus, malaria, and tuberculosis are three of 

the most significant naturally occurring infectious disease threats for which we have no 

vaccine prevention mechanisms.  Influenza Virus H5N1, Severe Acute Respiratory 

Syndrome, Hendra Virus, Nipah Virus, and Ebola Virus are zoonotic agents that have 

posed significant health threats in the past decade (Kaper, 2005). 

Many diseases are also geographically based, and concern about some diseases is 

heightened in developing nations with weak health care infrastructure.  Although 

susceptibility of a geographic area to infectious disease is somewhat based on local 

climatic conditions, climate variability exists with every region of the world.  Therefore, 

diseases are not necessarily limited to specific regions since climatic shifts may allow 

pathogens or vectors to become endemic to new geographical areas.  For example, 

concern arose with the re-appearance of cholera and the appearance of West Nile in the 

United States, as well as the appearance of Dengue Virus at the border of Mexico and the 

United States since these were climate-sensitive diseases seen in unexpected areas.  The 

migrant nature of humans today is also greatly impacting epidemiological tracking of 
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biological agents which may be posing threats to new areas.  Therefore, public health 

concerns related to infectious disease outbreaks may have more immediacy in local 

sectors, but the problem is a global issue nevertheless (Rose, 2001). 
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Chapter 4: Incorporating Bioinformatics into Curriculum - Application of 
Skills to Enhance Knowledge 

 
 
 

The National Science Education Standards (1996) set the challenge for science 

teachers to teach with the goal of supporting the principle that science is a process of 

discovery rather than facts for memorization.  The standards place emphasis on giving 

students the necessary knowledge and tools to engage in structured scientific inquiry.  

Also emphasized is an application-based curriculum which allows students the freedom 

to learn through exploratory and discovery-based processes.   

A study performed by the National Research Council in 2005 resulted in the 

findings that many high schools in the United States are lacking in challenging and 

meaningful laboratory experiences for science students.  It has also been reported by 

college faculty that students entering undergraduate programs are often poorly prepared 

for applications of modern biology (Campbell, 2006). Results of such studies have led to 

recommendations for incorporating hands-on, thought-provoking opportunities for 

learning, as well as using application based lessons to introduce and reinforce knowledge.   

New technologies have emerged allowing for advances within the biological 

fields of study.  Within the past few decades, the emergence of Polymerase Chain 

Reaction techniques allowed for amplification of DNA for further manipulation or 

detection.  Several DNA sequencing methods have allowed for identification, 
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comparison, and phylogenetic clustering of organisms.  More recent techniques include 

nucleic acid hybridization chips, commonly termed microarray chips, which allow for 

genomic comparisons either at the DNA level or RNA protein expression level.   

With the challenges faced by the public health industry working towards 

biodefense, scientists and clinicians are collaborating to improve the quality of 

diagnosing and countering emerging disease epidemics through the utilization of 

bioinformatics tools.   For example, DNA sequencing techniques have been the back-

bone in biotechnological advances by allowing for sequencing and annotation of 

genomes of many organisms, including biothreat agents.  The plethora of publicly 

accessible results from such studies allows for collaborative research efforts.  Microarray 

chips have been developed for the diagnostic purposes of detecting priority biothreat 

agents as well as comparing host protein markers which respond to infection.  Real-Time 

Fluorogenic Reverse Transcription Polymerase Chain Reaction Assays have been 

developed for detection of specific infections such as Venezuelan Equine Encephalitis 

Virus.  These are only a few of many examples of how biotechnology has enhanced 

biodefense efforts, with predictions that some of these techniques will be used routinely 

in the clinical setting for diagnosis of disease and prescribing individualized medical 

treatment (Campbell, 2006).   
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Chapter 5: The Importance of High School Teachers and Curriculum 

 

Because of the potential for future societal impacts, it is important that America’s 

youth are educated about the global security threats facing us today.  They must be made 

aware of the interdependence of science, technology, and security issues.  Many 

programs have been implemented to educate public health officials about the threats 

imposed by pathogenic biological agents, but the civilian population relies heavily on 

media coverage for education and awareness of possible emerging threats. Awareness is 

the first stage for development of biodefense strategies, and educating and training future 

scientists for work in programs pertaining to prophylactic prevention and treatment of 

disease is necessary for the success of global public health systems.  There is a scarcity of 

individuals having the scientific knowledge available to work in the industry of 

biodefense, and addressing this shortfall will require establishing a workforce skilled in 

this field.  Educating and training programs would require collaboration from experts in 

multiple fields and would necessitate development of instructional curriculum by 

qualified instructors from academia or industry, as well as on the job training (Rose, 

2001).   

Academic, governmental, and public institutions have reported declining United 

States global leadership in the areas of science and technology over the past decade.  

Research reports have specifically indicated degrading and declining quality of science 



 21

and technology education at the secondary education level.  These reports have 

heightened the concern about filling in these gaps to create the next generation of science 

and technical experts (WIIS, 2007).  Also, as interest in bioinformatics has grown in the 

past decade, the need to effectively train newcomers to the industry by developing skills 

necessary for a field of emerging technologies is a growing concern recognized by 

scientists, industry, government, and educators (Altman, 1998; Brass, 2000; Gavaghan, 

2000; MacLean, 1999). 

The Women in International Security (WIIS) organization addressed this concern 

during a consultation in March of 2007:  Science, Technology, and U.S. National 

Security: Engaging the Next Generation (WIIS, 2007).  Among key consultation 

recommendations from this collaborative effort was that “the science, technology, and 

U.S. national security communities must recognize and act upon their responsibility to 

prepare future generations of young professionals.” Also reported was “a more proactive 

strategy of engagement of young people is needed in science, technology, engineering, 

and mathematics areas; academia, government, private, and public sectors have a role to 

play” (WIIS, 2007, p. 7).  In addition, recommendations for enhancing academic 

curriculum included “educational paths available for young people interested in the 

science, technology, and security nexus require further exploration.  Immediate steps 

should be taken to better inform young scientists and engineers about security career 

options” (WIIS, 2007, p. 7).  The conclusion of the consultation was that “there is a 

shared responsibility for the next generation of science and technology experts who will 

assume leadership and accountability, not only for the nation’s security, but its global 
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competitive advantage as well.  Preparing the next generation to address the most 

challenging national security threats may be the most pressing issue of our time” (WIIS, 

2007, p. 18). 

  The high school biology teacher is therefore challenged with modernizing the 

introductory biology course curricula to benefit students both academically as well as 

personally.  This idealistic vision, along with self-reflection of current practices in the 

classroom, will portray gaps between ideal and actual instructional methodologies and 

allow for opportunities of change.   

Although a challenge, reflective teachers having the eagerness and motivation to 

fill the gap between ideal and practicing instruction can utilize the realm of 

bioinformatics tools to instruct students in topics such as biodefense.  They can also 

incorporate application of analytical and evaluative skills with bioinformatics-based 

lesson plans.  Modernizing high school biology curricula has the potential to result in 

empowering students to be competitive in the next generation of scientists and well 

endowed with skills applicable to many fields.   

With these considerations in mind, Dr. Krasner from Providence College in 

Rhode Island created and implemented a pilot workshop for thirty pre-college teachers 

during the summer of 2004 to educate about bioweapon threats and emergency 

preparedness strategies.  The outcome of the workshop was reported at the 2007 

Association for Microbiology Biodefense and Emerging Diseases Research Meeting to 

have been successful.  Participants surveyed after the workshop reported gain of 
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worthwhile knowledge that would be useful to incorporate into future curricula (ASM, 

Association for Microbiology, 2007). 

The current role of science teachers includes introducing modernized curricula to 

students, addressing relevant global concerns, and incorporating application skills 

necessary in the future workforce environment.  Through this role, science teachers in 

support of biodefense have opportunity to impact many by raising awareness of 

biodefense concerns, helping to train future scientific researchers and policy makers, and 

communicating the medical pertinence of biodefense to the public. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 24

 

 

Chapter 6: Incorporating New Content into Current Curriculum by  
Teachers Accommodating Change 

 
 
 

Although evidence presented above supports the necessity for incorporating 

biodefense and bioinformatics tools into high school biology curriculum, such a change 

relies on personal transformations within each teacher prior to implementation in 

classroom settings.  According to Hashew’s Theory, “Teachers understand 

accommodative change if they are internally motivated to learn, become aware of their 

implicit ideas and practices and take time to critically examine them; resolve the conflicts 

between their prior ideas and practice new ones; participate in genuine decision making; 

and do all of this in a social climate characterized by collaboration, trust, reflection, and 

deliberation.  The teacher herself controls this internal process” (Hashweh, 2003, p.421). 

Enacting change into curriculum is affected by intersecting domains.  Teachers’ 

beliefs about students’ interests, prior knowledge, and capabilities can have a profound 

effect on what curricula will be presented as well as the methodology used for 

presentation (Friel, 1995).  Teachers’ comprehension of the material to be presented and 

personal efficacy also impacts what subjects will be taught in detail or presented briefly 

and broadly.  The nature and needs of a particular group of students also determine 

choice of methodology used to present curricula, and this decision is often influenced by 

a teacher’s prior experiences with similar situations.  Future visions of science education 
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also provide a framework for a teacher to conceptualize instructional processes. Finally, 

the teachers’ views on policy of the school and the school-wide system, as well as views 

of the community as a whole,  will largely impact what material is presented and in what 

fashion (Ball, 1996;  Friel, 1995; Montgomery, 1995).   

In order to be accommodative to change, teachers must undertake reflective 

practices in which they examine their own conceptions about science education and their 

role in the process of educating students.  Teachers must become aware of their personal 

beliefs, knowledge, and practices, realizing limitations of each of these (Hashweh, 

1996b).  Montgomery and Way’s study on one hundred-twenty teachers of family and 

consumer science revealed that teachers in general must also be willing to reflect on their 

methods and practices of classroom teaching.  This is a necessary element for teachers to 

determine if there is a discrepancy between their current practice and what they envision 

as ideal and corresponding with the guidelines established by National Science Education 

Standards inquiry-based curriculum (Montgomery, 1995).  The challenge for teachers is 

to work to elucidate a new, although not necessary disjointed, set of ideas and practices 

capable of being incorporated into current practices.  This process of growth is difficult 

for teachers and often experienced with hesitation, discomfort, and sometimes resentment 

(Clark, 2003).   

Jonathan Clark argues that the most critical element for change might be self-

induced revisions in one’s own conceptions of learning (Clark, 2003).  This in turn allows 

for internal motivation to strive for professional growth,  allowing for reconsideration on 
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a personal level how current practices might be altered to better match more idealistic 

goals (Hashweh, 1996b).     

Justification for incorporating change often arises when teachers are confronting 

problems with current practices as opposed to other internal or external motives.  When 

confronted with new dilemmas or challenges, teachers generally seek resolutions based 

on their internal account of the current problem (Wallace, 2003).  With problematic 

situations being a primary motivation for teacher learning and change, teacher efficacy is 

often correlated with predicting whether or not a teacher will resort to past experiences of 

practice or will attempt expansion by trying new ideas.  Teacher efficacy has also been 

correlated to goal setting practices in attempts to bridge any discrepancies between 

current practices and ideal methodology, as well as willingness to expend energy to 

master this goal (Ross, 1992;  Schunk, 1981).  Having the expectation of success often 

correlates with teacher motivation to engage in new practices since there is anticipation 

of  successful results and overcoming any arising obstacles (Goddard, 2000; Ross, 1998).  

Once teachers have critically examined their current knowledge, beliefs, and 

methods, those willing to experiment with change will expectantly evaluate the outcome 

for success or failure. Although the absolute level of success is important, the teacher’s 

interpretation of the experience will likely guide personal goal setting and willingness to 

expend efforts for change in future situations.  A positive experience might also allow for 

internalization of the success and assist in developing increased self-efficacy for that 

teacher (Ross, 2007).  According to reports in a documentary case reported by Hashweh, 
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these processes are necessary components in allowing for teachers to incorporate change 

into current practices (Hashweh, 2003).   

Teachers’ beliefs and pedagogy develop based on personal  experiences over a 

substantial time period (Hoban, 2003; Woodbury, 2000).  Whether involving classroom 

management strategies, pedagogy, or content, a teacher often reverts to what she believes 

to have been successful or preferred by others in past similar situations.  This accounts 

for teacher change being somewhat of a difficult and time-consuming process.  

“Changing teaching means altering the balance or equilibrium between different beliefs 

and it requires considerable time to develop a new balance” (Hoban, 2003, p. 21).   

Therefore, as concluded by Cotton’s extensive qualitative analysis of three teachers, 

unless teachers’ beliefs are accounted for during curriculum design, it is unlikely that 

those materials will be implemented in the format intended, if at all (Cotton, 2006).   

Teacher learning is central to educational change.  “Teacher learning is situated in 

teachers’ practices, is social in nature, and is distributed across communities and tools.  

Teacher learning is, therefore, inextricably linked to the learning of others – to students’ 

learning, colleagues’ learning, and organizational learning.  Teacher learning proceeds 

gradually and hesitantly by the expansion of horizons of understanding, rather than 

through sudden leaps of insight” (Wallace, 2003, p. 12).  Changing the balance of teacher 

beliefs therefore requires long term efforts of engaging in reflective practice and 

becoming aware of gaps between current practice and ideals.  It also involves believing 

that the impact made by teachers on society is genuine and that teaching is a lifelong 

endeavor of learning (Hoban, 2003). 
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Thus, as noted by Shulman, the elements of teacher change involve a process of 

learning which includes the following necessary elements for success: “Ready 

(possessing vision), Willing (having motivation), Able (both knowing and being able to 

do), Reflective (learning from experience), and Communal (acting as a member of a 

professional community)” (Shulman, 2004, p. 263).   An accomplished teacher, therefore, 

“is a member of a professional community who is ready, willing, and able to teach and 

learn from his or her teaching experiences” (Shulman, 2004, p. 259).  Thus, for a teacher 

to successfully undertake the element of change, reflective growth at the individual level 

is independent yet interactive with community level acceptance and support for such 

changes (Shulman, 2004). 
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Chapter 7: The Professional Development Experience – Facilitating Teacher 
Change 

 
 
 

As stated by Wallace, “Professional development entails the creation of formal 

and informal opportunities for teacher learning” (Wallace, 2003, p. 12).  It comprises the 

“tasks and materials of practice, the discourse to support learning with these tasks and 

materials, and the roles and capabilities of leaders who provide guidance and support for 

this work” (Ball, 1999, p. 25).   It “needs to proceed respectfully, taking into account the 

gradual way in which teacher knowledge grows and changes” (Louden, 1994, p. 13).  

Since professional development opportunities often model ideal practices, they act as 

catalysts for change based on the participant’s experience.  If this change is to occur, the 

professional learning environment must take into account that brief in-service courses 

will not allow for the time necessary for teachers to develop a new balance in their 

beliefs.  A long-term effort is therefore essential in the context of professional 

development opportunities  (Hoban, 2003).  

Internalization of curriculum is of vital importance for adoption by teachers, 

therefore professional development opportunities must allow for participants to actively 

engage in developing at least portions of the curriculum.  Expending efforts towards 

curriculum development is expected to increase efficacy, sustain motivation, and 

reinforce teachers’ knowledge and understanding.  It might also allow for individual 



 30

differences in beliefs and practices to be incorporated into curricula design.  In a 

collaborative and supportive environment, participating teachers can engage in reflection 

on their current practices and design feasible alterations that might allow for their 

practices to more closely match what they view as “idealistic”.   

7.1 Reported Barriers to Facilitating Change 

 Previous research studies have reported multiple barriers experienced by teachers 

attempting to incorporate change into curricula.  Once a teacher makes the personal 

choice to incorporate change, the intent to do so may be challenged by one or more 

barriers which can be very influential, possibly overpowering the initial intent. 

7.11 Standardized Curriculum and Mandated Testing 

Research studies reveal that effects of mandated testing are sometimes perceived 

by teachers to be inhibitory towards freedom in curricula design and practicing 

methodology.  Studies performed by Brown, Din, Koretz, Romberg et al., and Smith et 

al.  conclude that mandated testing negatively influences teacher practices by narrowing 

curriculum and instructional practices, as well as decreasing efficacy of teachers by 

demeaning their capabilities as professionals (Brown, 1992; Brown, 1993; Din, 2002; 

Korentz, 1991; Romberg, 1989).  Brown’s open-ended question-based interview with 

thirty fifth and sixth grade teachers in the mandated testing states of Tennessee, Illiniois, 

and New York reported participants feeling constrained by mandated testing.  Teachers 

reported that both choice of curricula content and sequence in which curricula could be 

presented are very much influenced by mandated testing.  Brown (1992) also reported 

participants showing reluctance to trying innovative instructional strategies beyond 
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traditional lecture and recitation.  Romberg’s report (1989) that teachers influenced by 

mandated testing spent less time on creative projects and cooperative learning activities 

reiterated the restrictive impact of mandated testing on curricula content.   

Results reported by Smith et al. from a fifteen month study of two elementary 

schools in a metropolitan area of Phoenix showed the tendency of teachers to neglect 

teaching content that is not expected to appear on state mandated tests. Smith also 

reported that mandated testing "results in a narrowing of possible curriculum and a 

reduction of teachers' ability to adapt, create, and diverge." Due to "packed curriculum" 

(a set of requirements—tests, programs, scope and sequence, extra programs ... that 

exceeds the ability and time of any teacher to cover all of them competently) and the 

restricted number of instructional hours available, this study found that some teachers 

align their actions with expectations. The study showed that teachers sometimes tend to 

discard content that is not expected to be covered on standardized tests, as well as 

material that is not part of the formal agenda or high priorities of the principal and district 

administrators” (Smith, 1991, p. 10). 

As noted above, some studies suggest that mandated testing does influence 

teachers’ practices, yet this is only one component of influence.  Additional influencing 

factors for a teacher’s choice of curricula and methodology include knowledge of subject 

matter, approaches to teaching, views of learning and teaching, and the realm of 

experience and status a teacher has in the school organization. Studies done by Firestone 

et al., Glasnapp et al., Grant, and Zancanella report the impact of mandated testing on 

curricular and instructional practices to be miniscule, if not non-existent. They also report 
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multiple interacting variables leading to mixed teacher perceptions about the impact of 

mandated testing. (Firestone, 1998; Glasnapp, 1991; Grant, 2000; Grant, 2001; 

Zancanella, 1992). 

Glasnapp et al. surveyed over a thousand teachers with fewer than twenty percent 

reporting an impact of mandated testing on curriculum content or instructional practices 

(Glasnapp, 1991).  Firestone et al. claim that "performance-based" state-mandated testing 

programs in Maine and Maryland do influence teachers' decisions about what content is 

presented to students, yet the influence is fairly weak in terms of instructional practices.  

Although the quantity of mandated state testing was very limited at the time of these 

early studies in comparison to today, these research studies determined that although 

selection of content may be impacted somewhat by mandated testing, methodology of 

teaching practices is not necessarily influenced (Firestone, 1998). 

The influence of mandated testing, therefore, depends on personal interpretations 

and beliefs about mandated testing and how it impacts one’s role as a professional 

teacher.  These general beliefs determine the degree and method to which one uses 

mandates in guiding their actions. Mandated testing therefore may not be an exclusive, or 

possibly even substantial, factor guiding teacher change.   

7.12 Limited Weight of Teacher Input 

As reported by Van Driel et al. from a quantitative analysis of survey responses 

made by three hundred forty eight Chemistry teachers undergoing curriculum reform in 

the Netherlands, “Given the variation found in teachers’ beliefs, new curricula should be 

flexible, leaving room for individual teachers to make choices according to their own 
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ideas” (Van Driel, 2006, p. 13).  By allowing for teacher input during professional 

development opportunities, barriers to implementing new curriculum can be overcome if 

participants believe that their collaborative efforts will lead to design of new curricula 

which better meets required standards (Montgomery, 1995).  Through modeling and 

guided suggestions of a lead teacher, teachers participating in a professional development 

experience can engage in reflection and small group collaboration to determine what, 

how, and when to incorporate new materials into their current practices.  Colleague 

collaboration could allow for the input of teachers who instruct various levels of classes, 

have varying amounts of experience and expertise, and hold varying personal beliefs to 

make such determinations.  This in turn might allow for increased levels of professional 

efficacy which could help to diminish the fear of failure often experienced by teachers 

attempting to incorporate changes in curricula. 

7.13 Limited Support and Collaboration 

Teacher support and collaboration is a necessary element in the process of 

incorporating change in classroom environments (Montgomery, 1995; Wallace, 2003).  

Thus, a professional development opportunity for educators must create environments 

that support all participants, increase and maintain teacher efficacy, and allow for 

internalization of contribution towards successful changes to curricula.   

7.14 Summary of the Purpose of the Current Study 

In summary, informing secondary education biology teachers about biological 

threat agents and defense practices is a necessary element in preparing our future 

workforce for global defense efforts.  A professional development opportunity with the 
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goal of introducing teachers to new biology-based topics must be designed to allow for 

teacher internalization of the necessity for curricula change.  The experience must go 

beyond providing materials and training by also providing an environment conducive to 

support teacher-initiated curricula change.   
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Chapter 8: Examining Factors Relating to Teacher Change 

 

 The purpose of this study is to examine the nature of curriculum change as 

experienced by high school science teachers.  The first goal is to determine what 

components act as barriers to curricula change among participating teachers.  The second 

goal is to determine if the components acting as barriers to curricula change can be 

diminished by a professional development workshop focused on fostering adoption of 

critical science education curriculum. 

8.1 Specific Focus of Research 

 Based on extensive prior research discussed in Chapter 7, the design of a 

successful workshop experience for this study necessitates incorporating techniques that 

allow for diminishment of barriers encountered by teachers when incorporating change 

into curricula.   

Specific questions to be answered include: 

1. To what extent does each survey component uniquely contribute to willingness 
and ability to incorporate curricula change? 

2. What survey components share common mean scores and variance around mean 
scores, allowing them to be clustered together into factors, and what is the weight 
of each of these factors? 

3. Which survey components separate teachers into the categories of “teach based 
primarily on state mandated objectives” and “teach beyond state objectives?” 
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8.2 Significance of the Study 
 
 Although the proposal to incorporate biodefense and bioinformatics tools into 

high school curriculum is not unique to this study, no other such projects report taking the 

teacher’s role during this process into account.  This study incorporated research on 

underlying factors related to teacher learning and initiating curricula change as a baseline 

for the module design.   

Ample materials and information are currently available for teachers from online 

sources such as www.biodefenseeducation.org, a website that gives facts about 

biodefense history, threats, and agents.  Based on prior research as cited, this strategy of 

simply making factual information available is unlikely to prove successful towards 

integration of the content into biology curriculum.  Online material, although abundant, 

relies on the reader seeking information on specific topics entered in a search engine.  

This may not be effective in the case of biodefense since many teachers are not aware of 

the importance and relevance of this topic to their curriculum. 

A workshop was held during the summer of 2006 to train secondary education 

teachers about biodefense topics.  Dr. Krasner, a Professor from Providence College, 

conducted a week long workshop and surveyed participants at the end of the course.  

Reports indicate that the workshop was successful in introducing teachers to pertinent 

knowledge, and participants indicated likeliness to incorporate workshop content into 

their future curriculum.  Although a brief report of this study was presented on a poster at 

the 2007 Biodefense Conference in Washington, D.C., the contents of the module are not 
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currently accessible online or by request.  Comparative analysis to the current module in 

this study was therefore not performed. (ASM, Association for Microbiology, 2007). 

8.3 Workshop Description 
 
 A four-day hands-on workshop on “Investigating Modern Biosciences: 

Incorporating Biodefense Topics into Biology Courses” was held from June 23-26, 2008 

at the Osbourn Park High School campus in Manassas, Virginia.  The workshop used 

lectures and discussions, paper-based activities, experiments, and bioinformatics 

activities to illustrate concepts and applications of biodefense topics.   

Lectures and discussions included background on current naturally occurring and 

weaponized biothreat agents.  Also discussed were basic immunological practices 

employing novel research efforts for prophylactic and therapeutic efforts. Paper-based 

activities adopted from Washington Genome Sequencing Center were used to 

demonstrate polymerase chain reaction (PCR), restriction fragment polymorphism 

mapping, shotgun gene sequencing, gene annotation, and electropherogram 

interpretation.  

Experimental investigations included a comparison of immunological detection 

methods using an enzyme-linked immunosorbent assay (protocol adopted from Grimes et 

al.) and a Western-Blot assay (protocol adopted from University of Arizona “The 

Biology Project).  In addition, a microarray assay (protocol and lab kit adopted from 

Fotodyne, Inc.) was run to examine changes in gene expression in varying environments.  

Bioinformatics activities focused on examining phylogenetic and evolutionary 

analysis of infectious agents using Basic Local Alignment Search Tools (BLAST), as 
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well as biological detection and diagnostic techniques utilizing microarrays (see 

appendices I – III).  The course content was as follows: 

Day 1 

The goals of the first day were to: 1) introduce the workshop; 2) introduce current 

biothreat agents, both naturally occurring and weaponized; 3) introduce the importance of 

educating current students with modern biological science content, even if beyond the 

objectives set by state and national standards; 4) introduce the role teachers play in the 

future of biodefense; 5) introduce basic immunology and diagnostic testing concepts. 

Agenda Topics:   
 
A.  Introduction to Biodefense and the Current Naturally Occurring  

                  Threat Agents 
1. Emerging and re-emerging infectious disease 
2. Infectious disease agents, their reservoirs, modes of transmission 
3. Host Defenses against infectious disease agents 
4. Prevention and treatment strategies including antibiotics, anti-virals, 
    vaccine development 
5. Obstacles for prevention and treatment strategies 

 B.  Immunology: ELISA detection for antibodies  
Day 2  

Agenda Topics: 

A.  History of biological warfare and the current threat levels 
1. Current Threat Agents Susceptible to Intentional (or Accidental) Release 
2. Agent modes of action 
3. LD50 / ID50 for threat agents 
4. Dissemination methods 
5. Incubation period and expected symptoms 
6. Transmission methods 
7. Prevention and treatment availability  

B.  Distinguishing between natural and intentional outbreaks 
 
 
 
 



 39

Day 3  

Agenda Topics: 

A.  Modern Biology 
1. Examining PCR, RFLM, Electropherograms, and Shotgun Assembly 

Sequencing 
2. Identifying the causative agent of an outbreak 
3. Introduction to Bioinformatics including genomic databases and BLAST 

searches 
4. Phylogenetics and evolutionary analysis of infectious agents; 

distinguishing between strains of infectious biological agents based on 
proteomic and genomic alignments (see appendix I) 

Day 4 

Agenda topics 

A.  Microarray Biological Agent Detection Systems  
1. Designing a Microarray to Differentiate between Y. pestis, F. tularensis, 

and B. anthracis (see appendix II) 
2. Analyzing Microarray Data to Determine Genes Responsible for 

Tuberculosis Drug Resistance (see appendix III) 
 
8.4 Research Design and Methodology 
 
 This study used an in-depth pre-workshop survey (see appendix IV) to analyze 

participant thoughts about previously reported barriers to teacher-initiated curricula 

change.  Results of the pre-workshop survey responses provided a baseline for design of 

a workshop experience to diminish such barriers.  A post-workshop survey (see appendix 

V) was used to determine if the approach used in the workshop helped to diminish 

targeted barriers, and to project the likeliness that content from the workshop would be 

incorporated into future course curricula.   

 With the goal of establishing a baseline for the design of the workshop based on 

teacher responses, the pre-workshop survey was used as a data gathering method to 

measure what barriers are often encountered during teacher-initiated curricula change that 



 40

might deter such changes.  It was also used to measure teacher’s attitudes, beliefs, and 

perceptions about various topics including student capabilities, teacher role in the school 

and community, ideal versus actual instructional practices and preferences, and curricula 

planning methods.  In addition, it was used as a self-assessment tool measuring teacher’s 

efficacy levels based on their content knowledge, professional performance, and 

application of instructional methods.  Demographics and background characteristics such 

as education, experience, affiliations, and certification were also measured by the pre-

workshop survey instrument to determine if a relationship correlates to any of the above 

mentioned categories. 

 The post-workshop survey was used as a data gathering method to assess 

effectiveness of the workshop in promoting teacher-initiated curricula change.  It 

measured how participation in the workshop affected teachers in the categories included 

in the pre-workshop survey.  It also measured teacher predictions on how likely they 

were to use materials and knowledge from their workshop experience in various aspects 

of their teaching.   

 Although many of the survey questions were adopted from surveys used in 

previous research studies and had already undergone evaluations for effectiveness of 

measurement, additional testing of the survey instruments was performed.  In alliance 

with methods reported by Alonzo et al., both the pre- and post-workshop surveys in the 

current study were voluntarily reviewed by two biology teachers, two non-biology 

science teachers, and one administrator (Alonzo, 2005).  Reviewers were asked to 

provide feedback regarding survey directions, choice of wording in questions, 
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redundancy in questions, confusion about focus of any questions, formatting or 

appearance, or any additional suggestions they might have.  Feedback provided by these 

reviewers was used to revise the survey instrument reflecting their suggestions. 

In order to ensure adequacy of the survey instruments as effective measurement 

models for the current study, both the pre- and post-workshop surveys were piloted with 

nineteen secondary school teachers of all disciplines in Prince William County School 

System, Virginia.  The responses from the pilot studies were encoded into SPSS software, 

and a test-run of statistical analysis procedures identical to those used in the actual study 

was performed.   

To evaluate the reliability of the survey instruments, several questions addressing 

the same topic were posed slightly differently to participants on the pre-workshop survey.  

Responses to these questions from the pilot study of this survey were compared based on 

their means to determine the degree of consistency between participant responses to 

similar questions on the same topic.   Low deviation in mean scores for multiple 

questions on the same topics consistently showed reliability in the instruments. 

8.41 Samples for Study 

 In order to learn from what should be theoretically a random sample population of 

teachers, there were no limiting factors for choosing teachers to participate in this study.  

Teachers were recruited by a voluntary basis from Prince William County Public School 

System.  A total of twenty-three teachers participated in the pre-workshop study, and 

nineteen of the twenty-three pre-survey respondents also attended the workshop and 

participated in the post-workshop survey. 
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As shown in Table 1, approximately 25% of participants in this study held a BA 

or BA plus 15 credit hours beyond the BA (BA + 15) degree, approximately 70% held a 

MA or MA+30 degree, and approximately 5% held a PhD or equivalent.  In comparison, 

as reported on Prince County School System’s website, division-wide teacher education 

levels as of October 1, 2007 are 42%, 57%, and 1% respectively. 

Experience levels of participants varied, with approximately 15% having 5 or 

fewer years teaching, 45% having 6 to 10 years experience, 20% having 11 to 15 years, 

and 20% having more than 15 years teaching experience.  Prince William County 

Schools does not report statistical categories that could be used for comparative purposes 

to all school division teachers. 

Gender categorizations of participants were approximately 80% female to 20% 

male, closely representing Prince William County School System’s reported teacher 

demographics of 83.7% female to 16.3% male.   Variations were more evident in 

participant ethnicity demographics which were approximately 13% African American, 

and 85% Caucasian.  In comparison, Prince William County School Division teachers are 

represented by 77.2% Caucasian, 5% Hispanic, 13% African American, 1.1% Asian, and 

2.2% other.   

Comparative analysis of participants in this study to Prince William County 

School Division demographics of teachers showed an increased number of participants 

holding graduate degrees, as well an increase in Caucasian ethnicity versus other ethnical  

groups.  Thus, the population volunteering to participate in this study may not be 

accurately representative of the general population of teachers within this county or  
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Table 1:  Participant Demographics in comparison to reported Prince William County 
   Public School System Demographics. 

 
  Pre-Workshop 

Survey 
Participants 

Workshop 
Participants 

PWCS 
Division 

Degree 
Held 

BA; BA+15 22% 25% 42% 

 Ma; MA+15 74% 70% 57% 
 PhD 6% 5% 1% 

Years 
teaching 

5 years or less 9% 15% Not reported

 6 to 10 years 44% 45% Not reported
 11 to 15 years 22% 20% Not reported
 More than 15 years 26% 20% Not reported

Gender Female 78% 80% 84% 
 Male 22% 20% 16% 

Ethnicity Caucasian 87% 85% 77% 
 African American 13% 15% 13% 
 Other 0% 0% 10% 

 

 

 

 

 

 

 

 

 

 

 



 44

elsewhere.  Reported participant views may therefore vary from those that would have 

been obtained by a larger sample population of teachers or one more closely matching the 

actual demographics of the school division. 

 An incentive to attend the workshop may have been that there was no cost for 

either tuition or course-related fees for participants.  Although no compensation was 

awarded for participating in any of the study, workshop participants received two 

graduate-level course credit hours through George Mason University and thirty 

professional development points that could be applied toward county and state teacher 

recertification requirements.  The awarding of professional development points was 

likely an incentive for many of the teachers volunteering as participants to the workshop 

portion of the study. 

8.42 Data Design and Collection 

Both pre-workshop and post-workshop surveys were Likert-scale based with 

scales ranging from 1 to 5.   Pre- and post-workshop survey questions and corresponding 

labels assigned to these components are shown in Tables 2 and 3, respectively.  

8.43 Statistical Data Analysis  

SPSS statistical software was used on pre-workshop survey data to determine 

which components influence teacher ability to incorporate curriculum changes. The same 

software was used on post-workshop survey data to determine whether or not the 

workshop was successful at diminishing targeted barriers to teacher-initiated curricula 

change. 
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Table 2: Component Labels assigned to pre-workshop survey questions.  Selected pre-
workshop survey questions below were chosen to represent components in the 
current study being analyzed for their contribution to acting as barriers to 
teacher-initiated curricula change (left column).  Component labels were 
assigned to each of these questions in the study (right column), and these labels 
were used for all portions of the post-workshop survey analysis. 

 
Pre-Workshop Survey Component Labels 

Pre-Workshop Survey Question Component Label in Study 
Generally speaking, teachers’ input is seen as valuable 
within my school. 

Lack support for teacher input in school 

Generally speaking, teachers’ input is taken into 
consideration for development of state and school 
division content standards. 

Lack support for teacher input in county 
school system 

I stress science as a set of definitions rather than a way 
of looking at the world and unlocking some hidden 
mysteries. 

Limited ability for incorporating application 

To what extent insufficient equipment and supply 
budget interfere with your ability to incorporate new 
techniques into your science classroom? 

Limited equipment and supplies 

To what extent does insufficient time to cover beyond 
state standards interfere with your ability to incorporate 
new techniques into your science classroom? 

Insufficient class time for outside of state 
objectives 

To what extent does limited self knowledge related to 
curriculum interfere with your ability to incorporate 
new techniques into your science classroom? 

Teacher perception of limited self 
knowledge related to curricula 

To what extent limited self-ability to design curriculum 
interfere with your ability to incorporate new 
techniques into your science classroom? 

Teacher perception of limited skills for 
designing curricula 

To what extent does limited student interest or ability 
interfere with your ability to incorporate new 
techniques into your science classroom? 

Teacher perception of limited student 
interest and ability 

To what extent fear of losing control over class 
interfere with your ability to incorporate new 
techniques into your science classroom? 

Teacher fears losing control over class 
when implementing new lessons 

To what extent does fear of not having successful 
results interfere with your ability to incorporate new 
techniques into your science classroom? 

Teacher fears unsuccessful results of new 
lesson 

To what extent does being satisfied with current 
curriculum and techniques interfere with your ability to 
incorporate new techniques into your science 
classroom? 

Teacher satisfied with current curricula 

To what extent does limited funding interfere with your 
ability to incorporate new techniques into your science 
classroom? 

Limited funding 

To what extent does lack of administrative approval or 
support interfere with your ability to incorporate new 
techniques into your science classroom? 

Lack admin support for change 
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Table 2 Continued: 
Pre-Workshop Survey Question Component Label in Study 

When a student’s grades improve in a specific subject 
area, it is often due to their teacher having found a 
more effective approach to teaching. 

Teacher perception of limited influence of 
teacher practices on student achievement 

I generally concentrate on providing students only with 
the information they will need to pass the formal 
assessments. 

Primary emphasis on state test scores 

I primarily use the state standards to identify what is 
important to teach in my classes. 

Primary emphasis on state objectives 

The state standards are abreast with modern biological 
science. 

Teacher belief that state objectives are 
current with modern field 

Degree (choices from Associates to PhD) Highest teacher degree earned 
How many years have you been teaching biology or 
science at the secondary level? 

Number of years teaching 

During the past 12 months, what is the total amount of 
time you have spent on professional development 
activities?  

Professional development hours in current 
school year 

Generally speaking, teachers are respected in my 
community. 

Lack of community respect 

By teaching the current biology standards set by my 
state and county, I am adequately preparing my 
students for modern careers in the biological sciences. 

Teacher belief that state objectives 
adequately prepare students for modern day 
careers in the field of discipline 

To what extent does lack of department collaboration 
and support interfere with your ability to incorporate 
new techniques into your science classroom? 

Limited department collaboration/support 

To what extent does insufficient planning time interfere 
with your ability to incorporate new techniques into 
your science classroom? 

Insufficient teacher time for planning 
lessons 

To what extent does insufficient time scheduled for 
laboratories interfere with your ability to incorporate 
new techniques into your science classroom? 

Inadequate schedule for labs 

To what extent does insufficient lab preparation time 
interfere with your ability to incorporate new 
techniques into your science classroom? 

Insufficient teacher prep time for laboratory 
exercises 

Rate how often you utilize each of the following 
information sources to incorporate new content into 
your curriculum (TV, newspaper, magazines, journals, 
published articles, and textbook). 

Limited use of  current resources beyond 
textbook 
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Table 3:  Component labels assigned to post-workshop survey questions.  Selected post-
workshop survey questions below were used to evaluate effectiveness of the 
workshop (left column).  Component labels were assigned to each of these 
questions in the study (right column), and these labels were used for all portions 
of the post-workshop survey analysis and conclusion. 

 
Survey Component Labels 

Survey Question--  To what extent did the 
workshop experience:  
 

Component Label in Study 

Increased your depth of understanding about modern 
biology  

Increased understanding of modern bio 

Increased your awareness of current research in 
biology 

Increased awareness of current research in 
biology 

Increased your understanding of new fields of study 
incorporated into modern biology 

Increased understanding of new fields of study 
incorporated into biology 

Increased your awareness of current threat levels 
with regards to biological agents 

Increased awareness of biothreat agents 

Increased your ability to understand popular and 
journal articles about modern molecular biology 

Increased ability to understand journals 

Increased your confidence to teach and discuss 
modern molecular biology topics in your classes 

Increased confidence to teach modern biology 

Increased your understanding of current research 
techniques and applications in modern molecular 
biology 

Increased understanding of current research 
techniques and applications in biology 

Increase your ability to envision futuristic goals of 
current science education 

Increased ability to envision futuristic goals of 
science education 

Enhanced your perception of the impact you have on 
the future generation of scientists 

Enhanced perception of impact on future 
generation of scientists 

Increased your awareness of the necessity to 
integrate more current biotechnology background 
and skills into curriculum 

Increased awareness of necessity to integrate 
biotechnology skills into curricula 

Excited you about teaching new aspects of biology Increased excitement to teach new aspects of 
biology 

Made you more aware of science career options for 
your students 

Made you more aware of science career 
options for students 

Increased your comfort with answering student 
questions related to modern molecular biology 

Increased comfort with answering student 
questions about modern biology 

Incorporate more Biodefense concepts in current 
biology classes 

Made you more likely to incorporate 
biodefense into current curricula 

Incorporate more Bioinformatics tools in current 
biology classes 

Made you more likely to incorporate 
bioinformatics into current curricula 

Present new examples drawn from this workshop for 
topics already included in your syllabus 

Likely to use examples from workshop for 
current topics in class 

Present entirely new topics drawn from this 
workshop that are not yet included in your syllabus 

Likely to present new topics from workshop 

Increase focus on scientific skills as useful processes 
rather than definitions 

Increased focus on scientific skills as useful 
processes rather than set of definitions 
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Table 3 continued: 
Provide information about future career possibilities 
related to Biodefense and/or Bioinformatics to your 
students 

Increased ability to provide information about 
career possibilities related to 
biodefense/bioinformatics to students 

Increase collaboration with peers with regards to 
curriculum development  
 

Increased collaboration with peers for 
curricula development 

Increase participation in future professional 
development opportunities 

Increased likeliness for participation in future 
professional development opportunities 

Allow more opportunity for students to experience 
realistic  problem solving skills within course 
curriculum  

Increased opportunity for students to 
experience real  problem solving 
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Initial analysis methods on the pre-workshop survey questions included general 

descriptive statistics of data (mean, standard deviation, variance, and skewness) for each 

question representing the survey components.  Exploratory factor analysis was used to 

narrow the number of survey components acting as barriers to curricula change based on 

clustering of mean scores and variance around mean scores in the data set.  Independent 

t-test analysis of variance was conducted to determine specifically what survey 

components separate teachers into groups based on their level of using mandated state 

objectives to guide their curricula planning.  Each of these statistical processes will be 

explained in detail in future sections of this analysis report. 

Post-workshop survey data were used as a general rating measurement of overall 

effectiveness of the workshop in allowing teachers to overcome some of the previously 

reported barriers to curricula change.  Predictive questions were also assessed to validate 

the effectiveness of the workshop as a means for supplying materials and support that 

would help teachers to incorporate new content into current biological science curricula. 
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Chapter 9: Evaluation of the Factors Influencing Teachers Accommodating Change 
and the Effectiveness of the Professional Development Experience 

 
 
 

9.1 Descriptive Statistics Results on Pre-Workshop Responses 

Hypothesis:  Each potential barrier (component from pre-workshop survey) 
uniquely and independently contributes to teacher willingness and ability to 
incorporate change at varying degrees. 
 
Null Hypothesis:  There is no unique and independent contribution of each 
potential barrier (survey component) to teacher willingness and ability to 
incorporate change. 
  
To address the question regarding what extent each survey component (potential 

barrier) uniquely and independently contributes to teacher willingness/ability to 

incorporate change, teacher responses on the selected pre-workshop questions were 

analyzed using descriptive statistics.  Descriptive statistics provide information about 

most common results (average or mean) and the degree to which individual results are 

related to the most common results (variance).   

The average/mean of each question was based on a 1 to 5 scale, with lower 

numbers representing less contribution of a survey component to acting as a barrier to 

curricula change and higher numbers representing more contribution.  The amount of 

variability in participant responses to each survey component was also measured using 

skewness statistics, as described below. 

Variance combines all the values in a given data set to yield a measure of 

dispersion among data set responses.  It is calculated by squaring deviations from each of 
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the mean values, and taking an average of all of these squared deviations from means of 

the data set.  A large variance indicates that the data is widely spread around the average; 

therefore the responses to a particular question in this case would not be consistent 

among all participants.  A small variance indicates that the responses to a question are 

relatively consistent among all participants.    

Standard deviation is a measure of dispersion of data on either side of the average.  

It is indicative of how many responses are clustered around the average (low standard 

deviation) or widely spread with values significantly lower and/or higher than the average 

(high standard deviation). 

Skewness provides information about responses that lie outside of the average, 

indicating if the responses favor the higher end or the lower end of a scale.  As shown in 

Figure 1, a negative skew has the majority of the respondent data distributed to the right 

side of the center value (from center value of 3 in this dataset), having few low values.  A 

positive skew has the majority of respondent data distributed to the left side of the center 

value, having few high values.  If no skewness exists, the data is closely related to the 

average and forms what is known as a normal probability distribution in the shape of a 

bell curve.  Any skewness outside of (+/-) 1.0 from the center of the bell shaped curve 

may indicate that the assumption of normality has not been met.   If this occurs, further 

analysis showing consistency of median and modes for the dataset is used to determine  

whether or not the assumption of normality has been met.     

 For this study, data were coded in the Likert scale ranging from 1 to 5.  Low  
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Negative Skewness   Positive Skewness        Normal Distribution 

Figure 1: Data Distribution Curves: Representation of negative skewness (left) in which 
the majority of the respondent data is distributed to the right side of the center 
value, positive skewness (center) in which the majority of the respondent data is 
distributed to the left side of the center value, and the normal distribution curve 
(right) in which skewness is not present. 
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numbers (1 and 2) were encoded to correlate with survey components that do not act as 

barriers to curricula change, and high numbers (4 and 5) were encoded to represent 

survey components that significantly act as barriers to curricula change.  Based solely on 

the mean values of the pre-workshop descriptive statistics, participant responses having a 

mean above the central scale value of 3.0 (see Table 4) for a particular question indicates 

statistical significance of that component acting as a barrier to teacher-initiated curricula 

change.  The following survey components were determined to be uniquely and 

independently contributing towards barriers to curricula change based solely on mean 

scores being above average, with the bold faced indicating components with highest 

means: 

• Lack of support for teacher input in school system 
• Teacher belief that state objectives adequately prepare students for modern 

day careers in the field of discipline 
• Insufficient teacher prep time for laboratory exercises 
• Insufficient teacher time for planning lessons 
• Insufficient class time for curricula outside of state objectives 
• Limited funding 
• Limited use of current resources beyond the textbook 
• Teacher belief that state objectives are current with modern field of 

discipline 
• Primary emphasis on state test objectives 

 
Additional analysis of standard deviation, variance, and skewness was used to 

more accurately determine which components most influentially act as barriers to 

curricula change for the majority of the teacher respondents.  Any survey component  

having a mean above 3.0, a standard deviation below 1.5, and a negative skewness was 

retained as an influential barrier.  A component having negative skewness shows that  

 



 54

Table 4: Descriptive statistics of pre-workshop survey component questions.  Boldface 
indicates survey components retained as potentially acting as barriers to teacher-
initiated curricula change.  Any survey component having a mean above 3.0, a 
standard deviation below 1.5, and a negative skewness was retained as an 
influential barrier (shown in boldface).  

 
Descriptive Statistics of Pre-Workshop Survey Components 

Component Range Min Max Mean Standard 
Deviation 

Variance Skewness 

Lack of community respect 3 1 4 2.17 .650 .423 1.996 

Lack of support for  teacher input in 
school 

4 1 5 2.35 1.071 1.146 1.165 

Lack of support for teacher input in 
county school system 

3 2 5 3.17 1.072 1.150 .108 

Limited ability for incorporating 
application skills 

3 1 4 2.61 1.118 1.249 .237 

Perception that state objectives 
adequately prepare students for 
modern careers 

4 1 5 3.26 1.389 1.929 -.402 

Limited department collaboration/support 3 1 4 2.13 .968 .937 .378 

Insufficient teacher prep time for labs 4 1 5 3.30 1.222 1.494 -.481 

Insufficient teacher time for planning 4 1 5 3.24 1.347 1.815 .003 

Insufficient equipment/supplies 4 1 5 3.43 1.121 1.257 -.564 

Inadequate schedule for labs 4 1 5 2.87 1.325 1.755 .132 

Insufficient class time for curricula 
outside of state objectives 

4 1 5 3.83 1.154 1.332 -.796 

Teacher perception of limited self 
knowledge related to curriculum 

3 1 4 1.78 .850 .723 .940 

Teacher perception of limited skills for 
designing curricula  

3 1 4 1.87 .968 .937 .610 

Teacher perception of limited student 
interest/ability 

3 1 4 2.26 1.054 1.111 .190 

Teacher fear of losing control over class 
when implementing new lessons 

2 1 3 1.43 .788 .621 1.457 

Teacher fearing unsuccessful results of 
new lesson 

2 1 3 1.30 .635 .403 1.994 

Teacher satisfied with current curricula 3 1 4 2.7 .926 .858 -.446 

Limited funding 4 1 5 3.43 1.080 1.166 -.291 

Lack of administration support for 
change 

3 1 4 2.22 .902 .814 .344 

Limited use of current resources 
beyond textbook 

3 2 5 3.29 .711 .505 -.114 
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Table 4 continued: 
Component Range Min Max Mean Standard 

Deviation 
Variance Skewness 

Teacher perception of limited influence on 
student improvement 

3 1 4 2.09 1.041 1.083 .873 

Primary emphasis on state test scores 4 1 5 2.52 1.562 2.442 .405 

Primary emphasis on state objectives 4 1 5 3.96 1.065 1.134 -1.390 

Teacher belief that state objectives are 
current with modern field of discipline 

3 1 4 3.13 1.014 1.028 -.569 
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deviation from the mean is due to a majority of participant scores being greater than the 

average score of 3.0.  These components were perceived by participants as influential 

barriers to curricula change, and therefore were retained as contributing barriers to 

teacher-initiated curricula change in this study.   

 The most influential survey component emerging from the descriptive statistical 

analysis in this study was “Primary emphasis on state test objectives” (mean 3.96, 

standard deviation 1.065, skewness of -1.390), as shown in Table 4.  The second most 

influential component was “Insufficient class time for curricula outside of those covered 

in state objectives” (mean 3.83, standard deviation 1.154, skewness of -0.796).  This 

indicates that state testing pressure is a very influential barrier to teachers’ ability to 

readily incorporate change into current curricula.   This also supports acceptance of the 

hypothesis that some components deemed influential on teacher ability to incorporate 

curricula change do uniquely and independently act as barriers to such change at varying 

degrees.    

 Other survey components retained in descriptive data analysis in respective order 

to the degree in which they are reported by teachers to act independently as barriers to 

change include: insufficient equipment and supplies, limited funding, insufficient teacher 

preparation time for laboratory activities, teacher perception that current state objectives 

adequately prepare students for modern careers, limited use of current resources beyond 

the textbook, and teacher belief that state objectives are current in the field of discipline 

(see Table 4).  

 



 57

9.2 Factor Analysis Results on Pre-Workshop Responses 
 

Hypothesis: Similarities in mean scores and variances around the mean scores 
derived from participant responses to survey components exist, allowing for 
broader categorization into factors related to teacher ability and willingness to 
change curricula. 

 
Null Hypothesis: There are no similarities mean scores and variances around the 
mean scores derived from participant responses to survey components that would 
allow for broader categorization into factors related to teacher ability and 
willingness to change curricula. 
  
Exploratory factor analysis was performed to determine what factors account for 

teacher willingness and ability to incorporate change and the weight of each factor.   This 

statistical analysis was chosen based on the postulate that there are smaller subsets of 

survey components in this study that show similarities in mean values of participant 

responses and the variances of the mean values.  These smaller subsets could therefore be 

grouped or clustered together into one label, or factor.  This approach allows for broader 

labeling of factors that affect teacher ability/willingness to change curricula, while 

minimizing the number of factors being reported.  The goal of this analysis method is to 

explain the maximum amount of common variance, or variability in mean scores, in 

participant responses to survey components using the smallest number of explanatory 

factors possible. 

For example, the survey components “lack of time to cover beyond state 

objectives” might share common variability in participant responses with other survey 

components such as “lack of time scheduled for lab blocks” and “lack of time to plan new 

lessons.”  These components sharing common variability in participant response mean 

scores and variance around these means, or communality could be grouped into one 
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broad factor and labeled “Lack of time” based on the underlying components that 

clustered together into this category.    

The communalities or similarities in mean scores and variances around the mean 

scores as derived from participant responses to survey questions shown in Table 5 

indicate how well the pre-workshop survey components cluster together to allow for 

more broad labeling of  barriers to curricula change.  The column labeled “extraction” 

shows the common mean scores and variance around the mean scores (or communalities) 

in the structure of the survey data for components in the study. Communality is the sum 

of squared data entered for a particular component, with ranges between 0 and 1.  Higher 

communality numbers indicate that a greater share of common variance is explained by a 

particular extracted component. For example, as shown in Table 5, the survey component 

“lack of community respect” has a communality score of 0.906, therefore 90.6% of the 

variance for this component is shared with other components from the survey.  A 

communality of “0” would indicate that responses to a survey component share no 

closeness in variance around similar mean scores with responses to any other component.  

A component showing no communality with others would not be involved in a clustering 

but rather discarded (Field, 2005).    

Table 5 shows that all components of the pre-workshop survey share some 

common variance in teacher responses with other components of the survey.  This 

indicates that few, if any, of the survey components would be expected to be omitted 

from clustering.   
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Table 5:  Communalities of all variables generated by factor analysis from pre- 
workshop survey questions.  Extraction values indicate the amount of 
similarities in mean scores and variance around mean scores for each of the 
components in the pre-workshop survey.  Since each extraction value is above 
“0,” each component would be expected to share similarities in mean scores and 
variance around mean scores with other components.  Each component has 
potential to cluster with other components based on such similarities, and 
therefore each is retained in this study for possible further grouping into factors. 

  
Communalities between Factors Table 

 Extraction 
Lack community respect .906 
Lack of support in school for teacher input .779 
Lack of support in county for teacher input .830 
Limited incorporation of application skills; vocabulary 
focus 

.815 

Perception that state objectives sufficiently prepare 
students for modern careers 

.774 

Lack of department collaboration/support .926 
Insufficient time to prepare for labs .917 
Insufficient time to plan for lessons  .907 
Limited equipment and supplies .805 
Insufficient time to cover beyond state objectives .757 
Teacher perception of limited self knowledge related to 
curricula 

.881 

Teacher perception of limited skills for designing 
curricula 

.939 

Teacher fears unsuccessful results of new lesson .785 
Teacher perception of limited student interest/ability .710 
Teacher fears losing control over class when 
implementing new lessons 

.828 

Teacher satisfied with current curricula .816 
Limited funding .815 
Lack of administrative approval/support for change .769 
Limited use of current resources beyond textbook .788 
Teacher perception of limited influence of teacher 
practices over student achievement 

.889 

Primary emphasis on state test objectives .739 
Teacher belief that state objectives are current with 
modern field of discipline 

.926 

Inadequate schedule for lab blocks .789 
Primary emphasis on state test scores .927 
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Once underlying components are grouped together based on similarities in mean 

scores and variances around the means, further analysis of eigenvalues is commonly done 

to determine how much each cluster of components (factor) attributes to total variance in 

the dataset.  An eigenvalue is a representation of how much variance each factor 

contributes towards the total variance shared between participant responses in a study.  

Table 6 shows the eigenvalues for the factors resulting from factor analysis in this study.  

The eigenvalue is calculated by squaring the survey response data for all components 

belonging to a factor and adding these squared values together.  The factor’s eigenvalue 

divided by the number of components belonging to a factor shows the percent of variance 

accounted for by all components clustering together to make up that factor.   

A factor having a low eigenvalue is contributing little to the explanation of 

differences between participant responses in a study.  A factor having a large eigenvalue 

is contributing to sample variance and therefore accounts for a great deal of explanation 

of differences between participant responses.   

Although twenty-four unlabeled factors emerged from the factor analysis portion 

of this study, only nine account for considerable variance between participant responses 

according to the Kaiser rule.  It is standard according to this rule to accept any eigenvalue 

greater than 1 as representing a factor carrying significant weight or contribution to 

variance in a study (Garson, 1998).  Therefore, only factors with eigenvalues greater than 

1 were retained in this study as being very influential barriers to curricula change.  Each  

of these nine factors was analyzed further to determine what pre-workshop components 

clustered together to represent that particular factor based on communalities in variance. 
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Table 6:  Total variance explained with the factor analysis of pre-workshop survey 
questions.  The first nine unlabeled factors explain 83.406% of the total 
differences in mean scores and variance around mean scores derived from 
participant responses to survey questions.  Since these nine unlabeled factors are 
the greatest contributors to differences in mean values and variance around the 
mean values, only these were analyzed further and assigned a label based on the 
highest contributors to each cluster. 

 
Factor Analysis Total Variance Explained   

High 
contributing 
factors for 
labeling 

Extraction Sums of Squared 
Loadings: Data based only on 

components retained in 9 factors 
Label Assigned to Factors Based on Underlying 

Components in Cluster 

  Eigenvalue % of Variance 
Cumulative 

%   
1 5.043 21.013 21.013 Lack of time 

2 3.470 14.460 35.473 State test pressures; lack community respect 

3 2.607 10.861 46.335 Fear loss of control and unsuccessful results 

4 2.194 9.143 55.477 Limited school support for teacher input 

5 1.662 6.925 62.402 Limited curricula developing skills and content 
knowledge 

6 1.634 6.810 69.212 Believe state objectives are current; limited use of 
modern resources 

7 1.246 5.193 74.405 Limited perception of influence on student success 

8 1.099 4.578 78.983 Emphasize state test objectives 

9 1.061 4.423 83.406 Limited ability to teach application 

Low 
contributing 
factors 

Extraction Sums of Squared 
Loadings: Data based only on 

components retained in 9 factors 
10 .855 3.565 86.970
11 .745 3.102 90.072
12 .525 2.189 92.261
13 .477 1.989 94.250
14 .459 1.911 96.161
15 .338 1.409 97.570
16 .203 .844 98.414
17 .140 .584 98.998
18 .097 .405 99.403
19 .077 .320 99.723
20 .046 .194 99.916
21 .013 .056 99.973
22 .007 .027 100.000
23 2.23E-

016 9.29E-016 100.000

24 -4.87E-
016 -2.03E-015 100.000
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Underlying components involved in a clustering were used to assign a label to each of the 

nine unlabeled factors by methods explained below.     

The most influential unlabeled factor accounts for the highest percentage of total 

variance (hence having the highest eigenvalue). Each successive factor has a decreasingly  

lower eigenvalue and accounts for less and less variance in teacher responses regarding 

factors affecting curricula.  As shown in Table 6, 21.01% of total variance among 

participant responses to survey questions in this study is explained by the most influential 

factor.  Factors two and three explain 14.46% and 10.86% of total variance, respectively.  

Factors four through nine explain less than 10% of total variance each, although still 

considered significant contributors to the cumulative percentage of variance which is 

further explained below. 

The “cumulative %” column in Table 6 contains the cumulative percentage of 

variance accounted for by the current as well as all preceding factors.  For example, the 

fourth row shows a value of 55.48, meaning that the first four factors together account for 

55.48% of the total variance.  Together, all nine factors which were retained as important 

in this study account for 83.41% of the total variance in teachers responses to pre-

workshop survey questions. 

 The scree plot is a graphical representation of the eigenvalue for a factor.  Figure 

2 shows the scree plot which is based on the eigenvalues shown in Table 6.  The plot is a 

reiteration of the data in Table 6 showing that only the first nine of twenty-four emerging 

factors have eigenvalues above 1.  From the ninth factor on, the line levels to show that 
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Figure 2:  Scree plot graphical representation of the eigenvalues of the data in Table 6.   
The first nine factors have eigenvalues above 1 and are significant contributors 
towards differences in mean scores and variance around mean scores derived 
from participant responses to pre-workshop survey questions. Factors beyond 
the first nine are increasingly less significant contributors towards differences in 
mean scores and variance around mean scores, and are therefore not retained as 
influential factors in this study.   
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remaining factors account for small amounts of total variance in the means of participant 

responses to the pre-workshop survey questions. 

In studies such as this one in which factors are expected to be correlated, SPSS 

output for factor analysis includes both pattern and structure matrices.  Values in these  

matrices are termed “factor loadings.”  Factor loadings are the basis for labeling factors, 

and interpretation of the loadings are based on acceptable cutoff levels.  These levels are 

somewhat determined by the ranges of the factor loadings for a particular study, with 

suggested cutoffs being 0.7 for the high end and 0.25 for the low end (Raubenheimmer, 

2004).  Hair et al. (1988) recommend for studies with limited data such as this one that  

loadings above 0.6 could be considered high, and those below 0.4 could be considered 

low.   

 The structure matrix takes into account the relationship between factors. The 

pattern matrix represents unique contributions of a component towards a factor without 

taking into account the relationships between factors.  Since shared variance between 

factors is not ignored in structure matrix, there may be situations in which components 

load highly into more than one factor. 

The pattern matrix is often used for interpretative reasons because it contains 

information about the unique contribution of a component to a factor. Because some 

researchers recommend not ignoring shared variances between factors (Field, 2005; 

Garson, 1998), both the structure and pattern coefficients were used in this study to 

assign labels to the first nine unlabeled factors. 
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 Structure and pattern matrices are shown in Table 7 and 8, respectively.  Note that 

teacher responses in this study were coded so that high values correspond to a survey 

component reported by respondents to act as a barrier to teacher curricula change.  

Therefore, a “+” positive loading value in both the pattern and structure matrix 

corresponds to a component acting as a barrier to teacher change and a “-“ negative 

loading value corresponds to a component not acting as a barrier to teacher change.  

Based on loading value ranges in this study, a loading value cutoff of 0.7 was set as high, 

and those below 0.4 were considered low during the analysis.  The loading values were 

analyzed for each component based on these cutoff values to determine appropriate labels 

for the nine retained factors.  Labels were derived from components having scores above 

the cutoff and participating in formation of a “cluster”.   

Based on these parameters, the following labels were assigned to the nine 

unlabeled factors deemed most influential contributors to variances in the means of 

participant responses to pre-workshop survey questions.  The first four factors are the 

most statistically significant contributors to variance, as indicated in boldface. 

• factor 1 represents lack of time 
• factor 2 represents state test score pressures and lack of community 

respect for teachers 
• factor 3 represents fear of losing control of the class and unsuccessful 

results when implementing new lessons 
• factor 4 represents limited support of teacher input in the school 
• factor 5 represents limited curricula developing skills and limited self-

knowledge of modern content within discipline  
• factor 6 represents teacher belief that state objectives are current with 

modern field of discipline and limited use of current resources beyond the 
textbook 

• factor 7 represents perception of limited influence of teacher practices 
over student improvement 
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Table 7:  Structure matrix of factor analysis output from pre-workshop survey questions. 
Loading values signify whether a component is contributing to differences in 
mean values and variances around mean values derived from participant 
responses.  Positive loading values signify components that do contribute to 
differences in scores, whereas negative loading values signify components not 
contributing towards such differences.  A cutoff score of 0.7 was selected for 
the basis of determining which components cluster based on similar shared 
mean scores and variance around mean scores derived from participant 
responses.  The structure matrix takes into account individual component 
loading values as well as interactions between the factors themselves. 

 
Factor Analysis Structure Matrix 

UNLABELED FACTOR: 
 
 
 

1 2 3 4 5 6 7 8 9 

Survey Component:          
Insufficient teacher prep time 
 for labs 

.923 -.154 -.242 .135 .107 -.196 .125 -.101 -.034 

Insufficient time to plan for 
 lessons 

.858 -.162 -.212 .350 .138 -.206 -.117 .342 -.165 

Inadequate schedule for lab  
blocks 

.817 -.069 -.174 -.021 -.152 -.152 -.151 -.084 .077 

Insufficient equipment/supplies .794 -.270 -.237 .490 -.075 -.289 -.029 .309 -.043 

Insufficient class to cover 
beyond 
state objectives 

.681 .243 .062 .290 .333 -.430 -.014 -.033 -.004 

Primary emphasis on state 
 test scores 

-.165 .862 -.173 -.026 -.035 .220 .005 .166 .135 

Lack of community respect for 
 teachers 

-.073 .811 .049 .191 -.071 -.330 -.190 .405 -.160 

Lack of department 
collaboration  
and support 

.215 -.577 -.078 .574 .205 -.032 .283 .095 .446 

Fear losing control when 
implementing new lesson 

-.431 .002 .845 -.240 .239 -.027 -.174 -.240 .111 

Fear unsuccessful results of  
implementing new lesson 

.004 -.087 .733 -.158 .048 .139 .255 -.139 -.088 

Limited funding .485 -.364 -.651 .188 -.446 .045 -.078 -.137 -.142 

Perception of limited student  
interest/ability 

-.112 -.137 .621 -.211 .255 .033 -.294 -.250 .565 

Lack of school support for 
teacher 
input in school 

.157 .066 -.157 .839 .171 -.133 .019 .075 .119 

Lack of administrative support 
 for change 

.589 -.427 -.150 .644 -.036 -.045 .005 .269 -.079 

 



 67

Table 7 continued: 
UNLABELED FACTOR: 
 
 
 

1 2 3 4 5 6 7 8 9 

 Survey Component:          
Believe state objectives 
 are current with modern field 

-.094 -.142 .068 -.218 -.088 .856 .277 .105 .073 

Limited use of current resources 
 beyond textbook 

-.360 .260 -.031 .134 -.147 .740 -.068 .000 .051 

Perception that state objectives 
prepare students for modern 
careers 

-.293 -.370 .032 -.299 -.410 .614 -.325 -.221 -.303 

Perception of limited influence 
of practices on student 
achievement 

-.191 .003 .167 -.015 .082 .223 .827 -.164 .126 

Teacher satisfied with current 
curricula 

-.095 -.394 -.221 -.219 -.068 .025 .684 .139 -.368 

Primary emphasis on state test 
objectives 

.018 .000 -.072 .071 -.050 .022 -.080 .715 .153 

Lack support for teacher input in 
county school system 

-.131 .449 -.366 .552 .276 -.135 .159 .621 -.086 

Limited ability for incorporating 
application 

-.048 .136 -.097 .212 -.009 .057 -.026 .226 .756 

Perception of limited skills for  
designing curricula 

.069 -.007 .260 .155 .921 -.163 .024 .040 .052 

Perception of limited self  
knowledge within discipline 

.223 -.238 .097 .040 .720 -.296 .180 -.491 .260 
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Table 8:  Pattern matrix of factor analysis output from pre-workshop survey questions.  Loading 
   values signify whether a component is contributing to differences in mean 

scores and variance around the mean scores derived from participant responses.  
Positive loading values signify components that do contribute to differences in 
scores, whereas negative loading values signify components not contributing.  A 
cutoff score of 0.7 was selected for the basis of determining which components 
cluster based on similarities in means and shared variances around the means 
with other components of a factor.  The pattern matrix takes into account only 
individual component loading values and not interactions between the factors 
themselves.  This matrix was used to determine which components clustered 
together based on similar variances in participant responses.  Components 
clustering together for a particular factor were used to assign a broad label to 
that factor (not shown in this table). Boldface loading values indicate which 
clustered components met the cutoff score of 0.7 and were used for labeling of 
the factor. 

 
Factor Analysis Pattern Matrix 

Unlabeled Factor:  
 

1 2 3 4 5 6 7 8 9 

Survey components:          
Insufficient teacher prep time 
 for labs 

.948 .058 -.119 -.085 .121 .053 .102 -.158 -.068 

Inadequate schedule for lab 
 blocks 

.889 .116 -.066 -.222 -.155 -.008 -.114 -.031 .123 

Insufficient time to plan for  
lessons 

.841 -.049 -.035 .021 .229 .092 -.209 .299 -.141 

Insufficient class to cover 
beyond  state objectives 

.710 .358 .161 .151 .200 -.140 -.007 -.153 -.125 

Insufficient equipment/supplies .666 -.165 .012 .253 -.145 -.123 -.060 .208 .044 

Primary emphasis on 
state test scores 

.077 .912 -.200 -.084 -.032 .328 .058 .125 .169 

Lack of community respect 
For  teachers 

.013 .772 .164 .117 -.235 -.259 -.107 .278 -.103 

Lack of department  
collaboration and support 

-.042 -.601 -.003 .540 .052 -.002 .201 .046 .463 

Fear unsuccessful results of 
 implementing new lesson 

.202 -.001 .886 .041 -.134 .164 .382 -.057 -.219 

Fear losing control when 
 implementing new lesson 

-.338 -.112 .752 .019 .089 -.096 -.098 -.077 -.062 

Limited funding .325 -.221 -.544 .151 -.313 .007 -.092 -.305 -.036 

Lack of support for teacher input 
in school 

-.056 .074 -.027 .944 .021 .010 -.012 -.269 .033 

Lack of administrative support 
 for change 

.427 -.340 .109 .559 -.060 .113 -.049 .102 -.058 

Perception of limited skills for  
designing curricula 

.061 -.108 .076 .020 1.027 .147 -.166 .074 -.187 
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Table 8 continued: 
Unlabeled Factor:  
 

1 2 3 4 5 6 7 8 9 

Survey components:          
Perception of limited self  
knowledge within discipline 

.107 -.252 -.122 .040 .697 -.135 .071 -.505 .016 

Belief that state objectives 
 are current with modern field 

.185 -.026 .106 -.215 .125 .922 .259 .279 .092 

Limited use of current resources 
 beyond textbook 

-.193 .319 -.026 .363 .008 .784 -.050 -.130 -.010 

Belief that state objectives prep 
students for modern careers 

-.220 -.345 -.001 -.060 -.097 .469 -.320 -.161 -.319 

Teacher perception of limited 
influence of practices over 
achievement 

-.112 .098 .257 .148 -.135 .180 .908 -.232 .072 

Satisfied with current curricula -.162 -.379 -.152 -.307 -.013 -.099 .637 .128 -.269 

Primary emphasis on state test 
objectives 

.110 .194 -.001 -.260 -.049 .083 -.119 .888 .364 

Lack of support for teacher input 
in county school system 

-.229 .351 -.315 .350 .282 .026 .040 .405 -.024 

Limited ability for incorporating 
application 

-.075 .074 -.143 .076 -.181 .028 -.022 .373 .904 

Perception of limited student  
interest/ability 

-.030 -.219 .459 -.131 .138 .017 -.264 .056 .468 
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• factor 8 represents primary emphasis placed on state test objectives 
• factor 9 represents limited ability to incorporate application skills in 

curriculum and teach beyond vocabulary 
 

The components which clustered together based on similarities in mean scores 

and variance around the mean scores were basically consistent in the structure and pattern 

matrices for each of the nine factors with one exception.  Based on the cutoff score of 0.7 

for high values, “limited teacher perception of student interest and ability” was a 

component shown as a high contributor in the structure matrix but not the pattern matrix 

based on the  loading value of 0.459 being lower than the selected cutoff score of 0.7 (see 

Tables 7 and 8).  Since multiple researchers report that analysis of the pattern matrix is 

standard for assigning labels (Garson, 1998; Field, 2005), this component was omitted 

when labeling factor 3. 

The consistency in component clustering in pattern and structure matrices was 

reiterated with factor correlation matrix output (see Table 9) which is used to determine 

the degree of correlation between factors.  A “+” positive value in the factor correlation 

matrix indicates that two intersecting factors show correlation, and a “-“ negative value 

indicates that two intersecting factors are not showing correlation.  The cutoffs for highly 

correlated and non-correlated values are again specific to the data set range (Field, 2005).  

The chosen cutoff range for this study was 0.04, therefore any factors with correlation 

numbers less this value indicates no sufficient correlation. 

As indicated in Table 9, there appears to be no significant correlation between any 

of the nine emerging factors based on the cutoff parameters.  This outcome was expected 

since the structure and pattern matrices were nearly identical and the structure matrix  
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Table 9:  Factor correlation matrix output from factor analysis portion of study. A “+” 
   positive value indicates that two intersecting factors show correlation, and a “-“ 

negative value indicates that two intersecting factors are not showing 
correlation.  The chosen cutoff range for this study was 0.4; therefore no factors 
show significant correlation with any other factor in the study.  Although not 
meeting the cutoff value for significance, factors 4 and 8 show the highest level 
of correlation (.364).  The label assigned to each of these two factors in this 
study are “limited support of teacher input in the school” and “primary 
emphasis placed on standardized test objectives,” respectively.   

 
 

Factor Correlation Matrix 
Factor 1 2 3 4 5 6 7 8 9 

1 1.000 -.198 -.190 .251 .028 -.247 .012 .042 -.009
2 -.198 1.000 .037 .005 .111 -.115 -.080 .096 .041 
3 -.190 .037 1.000 -.225 .227 -.006 -.122 -.207 .179 
4 .251 .005 -.225 1.000 .147 -.177 .062 .364 .021 
5 .028 .111 .227 .147 1.000 -.288 .173 -.031 .233 
6 -.247 -.115 -.006 -.177 -.288 1.000 -.006 -.086 .013 
7 .012 -.080 -.122 .062 .173 -.006 1.000 .100 -.028
8 .042 .096 -.207 .364 -.031 -.086 .100 1.000 -.232
9 -.009 .041 .179 .021 .233 .013 -.028 -.232 1.000

 

 

 

 

 

 

 

 

 

 

 



 72

accounts for shared variance between factors.  Also, no survey components loaded highly 

into more than one factor, thus confirming the lack of correlation between factors.   

Although not meeting the cutoff value for significance, factors 4 and 8 show the 

highest level of correlation (.364).  The labels assigned to each of these two factors in this 

study are “limited support of teacher input in the school” and “primary emphasis placed 

on state test objectives,” respectively.  It is feasible to expect some level of correlation 

between these two factors since teachers who perceive that their input is not valued or 

supported in the school might base their curricula on state objectives which are standard 

practice and supported by administration.   

The factor analysis portion of this study successfully reduced the data to the least 

number of factors possible (nine) based on similarities in mean scores and common 

variance around mean scores derived from participant responses to pre-workshop survey 

questions.  Results support the hypothesis that similarities in mean scores and mean score 

variances derived from participant responses to pre-survey questions exist and are useful 

to explain the maximum amount of variance in pre-workshop survey responses using as 

few explanatory factors as possible. 

9.3 Independent Samples T-test  

 Hypothesis: Significant differences exist between the means of the two groups of 
teachers who are separated on a basis of the degree to which their curricula 
planning is based on mandated state objectives.   

 
Null Hypothesis: Significant differences do not exist between the means of the 
two groups of teachers who are separated on a basis of the degree to which their 
curricula planning is based on mandated state objectives.   
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Independent Samples T-tests were performed on responses to pre-workshop 

survey components to determine if any of the pre-workshop survey components 

contribute to the separation of teachers into the two groups “curricula plans primarily 

influenced by state objectives” and “curricula plans only somewhat influenced by state 

objectives”.  Utilizing SPSS software, the goal was to determine which, if any, survey 

components represent aspects of teaching that separate teachers into one of these two 

groups based on their methods of planning curricula. 

Independent sample t-tests are useful to determine whether there is a statistically 

significant difference between the means of two independent groups being measured on 

the same component.  “Independent” refers to groups having different participants in 

them who have in no way been matched or paired.   For example, a survey respondent is 

assigned to either group 1 or group 2 based on their response to a question regarding how 

important state objectives are to their curricula planning.  No participant can belong to 

both groups, and participants are assigned to a group solely based on their response to a 

selected question and independently of responses they made to other survey questions.  

Their assignment to a group is also independent of responses to questions made by any 

other participants.   

For this study in particular, independent sample t-test is a useful analysis method 

to determine whether the response between the two groups of teachers is significantly 

different for any of the pre-workshop component questions.  If a difference between the 

groups does exist for a component, this component is likely contributing to the division 

of the groups.  
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 The assumptions for Independent samples t-tests include the following: 

1. Normality: assumes the population distributions are normal, although the 
t-test is quite forgiving if this assumption is violated. 

2. Independent observations were made between the groups. 
3. Equal variances: assumes that the variances across groups are nearly equal 

(homogeneity of variance).  This assumption is quite important to the 
significance of the t-test. 

 
Teachers were separated into two groups using Likert-scale survey responses to 

the following question:  “I primarily use the state standards to identify what is important 

to teach in my classes.”  The teachers responding “strongly agree” were labeled as “group 

1: curricula plans primarily influenced by state objectives.”  Teachers responding with 

“agree somewhat,” “disagree somewhat,” or “strongly disagree” were labeled as “group 

2: curricula plans only somewhat influenced by state objectives.”  Group 1 was composed 

of sixteen pre-workshop survey respondents (n = 16), and group 2 was composed of 

seven pre-workshop survey respondents (n = 7).  Table 10 shows the components for 

which the t-test was used to determine whether the difference between these two groups 

is significantly different than zero. 

The column in Table 10 labeled “Performance” is divided into rows: “Equal 

variances assumed” and “Equal variances not assumed.”  As mentioned, equal variance 

across groups is an important assumption that determines whether or not significance of 

the t-test result is valid.  Levene’s test is a method for determining whether or not 

variances across groups are similar enough (within a normal distribution curve) to each 

other to allow for validity of the t-test.   

The Levene test uses the F statistic to determine if a parametric test can be 

performed based on a normal curve distribution.   The F-value is calculated as the ratio of  
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Table 10:   Independent Samples t-test containing inferential statistics.  For 
statistical significance of a component based on Levene’s Test for Equality of 
Variances, the F(2,21) value must be greater than the critical value of 4.3248 
with a significance level <0.05.  As shown, the components “fear failure” and 
“limited awareness of modern careers in discipline” are statistically significant 
based on Levene’s Test.  This indicates that the difference between the two 
groups of teachers for these two components is not great enough to support 
validity of the t-test results.  To correct for these two components not meeting 
the assumption of homogeneity of variance required for the t-test, the equal 
variances not assumed t-test data was used.  Based on significance of t-test 
scores, the two components that show statistical significance towards 
contributing to differences in groups of teachers separated by the level in 
which standardized objectives are used for determining course curricula are 
“fear failure” and “primary emphasis on state test scores.” 

 
Independent Samples Inferential Statistics 

  Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

  
F Sig. t df 

Sig. (2-
tailed) 

Mean 
Difference 

Std. 
Error 

Difference

Lack teacher 
input support in 
school 

Equal variances 
assumed 1.490 .236 .598 21 .556 .29464 .49241

Equal variances 
not assumed   .661 14.685 .519 .29464 .44578

Lack teacher 
input support in 
county 

Equal variances 
assumed 1.230 .280 -1.661 21 .112 -.77679 .46767

Equal variances 
not assumed   -1.738 12.813 .106 -.77679 .44702

Ltd ability for 
incorporating 
application skills 
in curriculum 

Equal variances 
assumed .156 .697 -1.565 21 .132 -.76786 .49054

Equal variances 
not assumed   -1.577 11.706 .142 -.76786 .48706

Insufficient 
equipment and 
supplies 

Equal variances 
assumed .173 .682 .414 21 .683 .21429 .51790

Equal variances 
not assumed   .420 11.927 .682 .21429 .51010

Insufficient class 
time for curricula 
outside of state 
objectives 

Equal variances 
assumed 1.661 .211 .301 21 .766 .16071 .53417

Equal variances 
not assumed   .259 8.571 .802 .16071 .62077

Insufficient 
teacher 
knowledge of 
curricula 

Equal variances 
assumed .001 .971 1.971 21 .062 .71429 .36238

Equal variances 
not assumed   2.034 12.396 .064 .71429 .35114

Insufficient 
teacher curricula 
development 
skills 

Equal variances 
assumed .000 .986 .500 21 .622 .22321 .44627

Equal variances 
not assumed   .510 12.052 .619 .22321 .43760
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Table 10 continued:  
  Levene's Test for 

Equality of 
Variances t-test for Equality of Means 

  
F Sig. t df 

Sig. (2-
tailed) 

Mean 
Difference 

Std. 
Error 

Difference

Fear loss of 
control 

Equal variances 
assumed .955 .340 .591 21 .561 .21429 .36238

Equal variances 
not assumed   .610 12.396 .553 .21429 .35114

Fear failure Equal variances 
assumed 17.232 .000 1.570 21 .131 .43750 .27860

Equal variances 
not assumed   2.406 15.000 .029 .43750 .18186

Satisfied with 
current curricula 

Equal variances 
assumed 1.717 .204 .911 21 .372 .38393 .42131

Equal variances 
not assumed   .806 8.976 .441 .38393 .47662

Limited funding Equal variances 
assumed .100 .754 .852 21 .404 .41964 .49241

Equal variances 
not assumed   .797 9.978 .444 .41964 .52658

Lack admin 
support or 
approval for 
change 

Equal variances 
assumed .029 .867 -.235 21 .817 -.09821 .41798

Equal variances 
not assumed   -.231 11.064 .822 -.09821 .42553

Limited use of 
modern media 
resources 

Equal variances 
assumed .522 .478 -1.062 21 .300 -.34107 .32122

Equal variances 
not assumed   -1.206 15.768 .246 -.34107 .28284

Limited 
perception of 
influence of 
teacher practices 
on achievement 

Equal variances 
assumed 2.093 .163 .692 21 .496 .33036 .47728

Equal variances 
not assumed   .844 18.701 .409 .33036 .39139

Primary 
emphasis on 
state test scores 

Equal variances 
assumed .035 .854 -3.181 21 .004 -1.85714 .58384

Equal variances 
not assumed   -3.102 10.888 .010 -1.85714 .59875

Limited or 
outdated teacher 
awareness of 
modern field 

Equal variances 
assumed .950 .341 -.477 21 .638 -.22321 .46767

Equal variances 
not assumed   -.423 9.019 .682 -.22321 .52763

Highest degree 
earned 

Equal variances 
assumed .322 .576 .123 21 .903 .02679 .21814

Equal variances 
not assumed   .136 14.922 .893 .02679 .19625

Number of years 
teaching 

Equal variances 
assumed .185 .672 1.183 21 .250 .69643 .58890

Equal variances 
not assumed   1.197 11.839 .255 .69643 .58188
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Table 10 continued:  
  Levene's Test for 

Equality of 
Variances t-test for Equality of Means 

  
F Sig. t df 

Sig. (2-
tailed) 

Mean 
Difference 

Std. 
Error 

Difference

Limited 
awareness of 
modern careers 

Equal variances 
assumed 6.052 .023 .919 21 .369 .58036 .63161

Equal variances 
not assumed   .789 8.550 .451 .58036 .73511

Lack department 
collaboration and 
support 

Equal variances 
assumed .165 .688 .419 21 .679 .18750 .44705

Equal variances 
not assumed   .416 11.315 .685 .18750 .45057

insufficient lab 
prep time 

Equal variances 
assumed .882 .358 .411 21 .685 .23214 .56468

Equal variances 
not assumed   .446 14.050 .662 .23214 .52015

insufficient plan 
time 

Equal variances 
assumed 2.788 .110 .172 21 .865 .10714 .62431

Equal variances 
not assumed   .195 15.862 .848 .10714 .54842

inadequate 
schedule for lab 
blocks 

Equal variances 
assumed .032 .860 -.306 21 .763 -.18750 .61309

Equal variances 
not assumed   -.298 10.872 .771 -.18750 .62918

primarily use 
textbook as 
resource 

Equal variances 
assumed .319 .578 .509 21 .616 .32143 .63098

Equal variances 
not assumed   .485 10.355 .638 .32143 .66259

use internet 
resources 

Equal variances 
assumed .114 .739 .000 21 1.000 .00000 .31271

Equal variances 
not assumed   .000 14.498 1.000 .00000 .28452

Limited teacher 
perception of 
student interest 
or ability 

Equal variances 
assumed .446 .512 .348 21 .731 .16964 .48742

Equal variances 
not assumed   .349 11.609 .733 .16964 .48572
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the two variances (mean squares).  The calculation is based on F = (between group 

variability) / (within group variability) for each component in the study.  This is often 

stated as F = (explained variance) / (unexplained variance). That is, for validating that the 

assumption of normal distribution has been met for a sample population, the sum of the 

mean for a component of the study minus the grand mean squared for all components 

must be close or equal to 0, or more easily stated ∑ (mean – grand mean) ² = 0.  If this 

assumption is not met for a sample population, the sum of the mean for a component 

minus the grand mean squared for all components will be significantly greater than 0, as 

shown in the formula ∑ (mean – grand mean)² > 0.   

The focus of this study was not to compare whether one group is better than 

another, but rather to determine if the variance in responses to pre-workshop survey 

questions differs between the two groups.  Since both groups were of interest, a two-

tailed test was used as opposed to a one-tailed test which is used mostly when comparing 

a group to a control.  The F value is compared to a critical value in an F-table based on 

degrees of freedom in the numerator (number of groups minus 1) and the denominator 

(number of component scores minus 2) to determine statistical significance.  For this 

study with (1, 21) degrees of freedom, the F value must be greater than the critical value 

of 4.3248 for statistical significance that the assumption for homogeneity of variance has 

not been met for a component.    

The reported p value for the F test is also indicative of whether or not a sample 

population has met the assumption of homogeneity of variance.  As with the F test, its p 

value is also based on degrees of freedom.  The significance level for rejecting or 
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accepting whether or not the assumption has been met based on the p value is specified 

by the researcher, with 95% confidence level being most commonly used.  This standard 

accepted confidence level was chosen for this study; therefore the p values for this study 

have significance level of 0.05, indicating that the assumption of homogeneity of 

variance is either accepted or rejected with 95% confidence.  If Levene’s test is 

significant with p value less than 0.05, the mean scores and variances from mean scores 

between the two groups are significantly different.  If the p value is greater than 0.05, the 

mean scores and variances from the mean scores are not significantly different (they are 

approximately equal) and Levene’s test is not significant.  If Levene’s test is not 

significant, the assumption for homogeneity of variance has been met for a particular 

component, allowing for the validity of the t-test for that component.  

As shown in Table 10, Levene’s test was not significant for all components except 

for “fear failure,“ F(1, 21) = 17.232, p = 0.000 and “limited awareness of modern 

careers,” F(1, 21) = 6.052, p = 0.023.  This indicates that the assumption of equal 

variances around similar mean scores has not been met for these two components.  To 

correct for the assumption of homogeneity of variance not being met for these two 

components, the “equal variance not assumed” value was used to determine the t-statistic 

and its significance.  For all other components meeting the assumption, the “equal 

variance assumed” value was used.   

The value derived from “equal variances not assumed” uses fewer degrees of 

freedom and thus yields a slightly higher significance level to correct for violation of the 

assumption.  Rarely does the statistical significance change when using the “equal 
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variances not assumed” as opposed to the “equal variances assumed” statistic, but should 

this occur, further analysis using descriptive statistics is warranted.   

The significance of the t-test itself for this study was also based on a two-tailed 

test since the hypothesis is not directional.  This means that the basic bell-shaped curve is 

expected without directional skewness, therefore the t value can be either positive or 

negative.  As with the F-test, the t-test value is compared to a critical table value based on 

degrees of freedom for a particular study.  For this study, the 0.05 significance level with 

21 degrees of freedom (based on number of components minus two) has a critical table 

value of 2.08.  Any difference between two means is therefore significant at the 0.05 

probability level if the reported t value is greater than the critical table value of 2.08.    

Results for this study were based on all of the independent t-test analyses 

described previously in this section.  The only mean scores showing significant 

differences between the two teacher groups were based on teacher responses to pre-

workshop questions regarding “fear failure,” t = 2.407, p = 0.029 (derived from the equal 

variance not assumed data) and “primary emphasis based on state test scores,” t = -3.181, 

p = 0.004 (derived the equal variance assumed data).  Since the “fear failure” component 

did not meet the assumption of homogeneity of variance, further analysis was done using 

group descriptive statistics in terms of the mean scores of the two groups for this 

component.  Table 11 shows the descriptive statistics for this component for both groups 

of teachers, including the number of participants in each group (n), the mean values of 

their responses, and the standard deviations from mean values.   
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Table 11:   Descriptive group statistics for “fear failure” component.  Descriptive  
statistics for the two groups of teachers separated by the level to which they 
utilize state objectives for planning curricula shows a comparison of the 
means of the responses to a survey question based on the component “fear 
failure when implementing new lesson”. N indicates number of participants in 
each group.  As shown, all participants in group 2 responded with a score of 
“1 = strongly disagree” on the Likert-scale question regarding degree to which 
they fear failure when implementing new curricula.  There is no variation in 
scores for this group, as shown by the 0.0000 standard deviation.  Group 1 did 
have variation in scores around the mean, with a standard deviation of 
0.72744.  Although neither group reports “fear failure” as being highly 
influential as a reason for the degree to which their curricula is based on state 
objectives, there is enough difference between the amount of variation in 
group 1 and group 2 responses to account for this component not meeting the 
assumption of  homogeneity of variance.  

     
Independent Samples Descriptive Statistics 

 Group N Mean Std Deviation 

Fear failure when 

implementing new curricula 

1:  plans primarily 

influenced by state 

objectives 

16 1.4375 .72744 

2:  plans somewhat 

influenced by state 

objectives 

7 1.0000 .00000 
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The mean value of 1.0 with standard deviation of 0.000 indicates that all seven 

respondents in group 2 reported a score of “1 = strongly disagree” on the pre-workshop 

question regarding whether or not they fear failure when introducing new content to their 

current curricula.  Therefore, no variance exists in group 2 responses for the “fear failure” 

component.  The sixteen respondents in group 1 did have some variation in their 

responses for this question, with a mean score of 1.438 and standard deviation of 0.7274.  

Since only one of the two groups had variance in mean scores based on responses to the 

question, the difference in variances between the two groups is large enough that this 

component is reported as statistically contributing to the separation of teachers into 

groups.  

A possible explanation for group 2 reporting a high prevalence of fearing failure 

when implementing new lessons is that this group may engage in risk taking more often 

by commonly incorporating material beyond state objectives into their curricula.  All 

group 1 participants reported that this component was not an influential barrier for them 

when planning.  This may simply be resultant of their lack of experimentation with 

incorporating material beyond the state objectives.  

The only other component having statistically significant difference between the 

two groups is “primary emphasis is on state test scores” t = -3.181, p = 0.004 (derived 

from the equal variance assumed data). Significance of differences between the two 

groups for this component is expected based its high level of correlation with the basis 

for the grouping of teachers into categories. Based on these analyses, the components 

“fear failure when implementing new lessons” and “primary emphasis on state test 
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scores” are statistically significant contributors towards separating teachers into the two 

groups. 

This portion of the study supports the hypothesis that significant differences exist 

between the means of the two groups of teachers who are separated by the degree to 

which their curricula is based on state objectives.   

9.4 Descriptive Statistical Results of Post-Workshop Responses 

Due to time limitations during the workshop, it was not possible to address all 

components reported by participants to be contributing barriers to curricula change.  A 

selection of barriers that might be most easily diminished during a professional 

development experience was factored into the design of the workshop.  Included in these 

selections were the following broad categories:  

• Increase teacher awareness and knowledge within discipline content area 
• Increase teacher ability to use a variety of resources for curricula development 
• Increase teacher confidence to teach modern biology content 
• Increase teacher potential and desire to teach beyond state mandated curricula 
• Increase teacher interest and ability to incorporate workshop content into current 

curricula 
 

Hypothesis:  A professional development experience can contribute to diminishment of 
barriers to teacher-initiated curricula change and increase the likeliness that such changes 
will be implemented.   
 
Null Hypothesis:  A professional development experience cannot contribute to 
diminishment of barriers to teacher-initiated curricula change or increase the likeliness 
that such changes will be implemented. 

 

At completion of the workshop, participants were asked to voluntarily respond to 

post-workshop questions as discussed previously in this study.  The post-workshop 

questions were categorized to determine if participants felt that the workshop had helped 
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to diminish barriers that they may experience when attempting to incorporate change into 

current curricula.  Mean statistics for questions were analyzed, consistent with the 

procedure described above for the pre-workshop responses.  Results indicate that 

participants reported that the workshop did help to diminish each of the barriers that were 

focused on during the four day workshop.  Table 12 includes a listing of these barriers.   

Based on the descriptive statistics portion of this study as described earlier in the 

results section, the following pre-workshop survey components may be uniquely and 

independently acting as barriers to teacher-initiated curricula change, with the bold faced 

indicating the greatest barriers based on the highest means: 

• Lack of support for teacher input in school system 
• Teacher belief that state objectives adequately prepare students for modern 

day careers in the field of discipline 
• Insufficient teacher prep time for laboratory exercises 
• Insufficient teacher time for planning lessons 
• Insufficient class time for curricula outside of state objectives 
• Limited funding 
• Limited use of current resources beyond the textbook 
• Teacher belief that state objectives are current with modern field of 

discipline 
• Primary emphasis on state test objectives 

 
Descriptive statistical results therefore indicated high influence of state mandates 

on curricula content, and results of the independent samples t-test portion of this study 

reiterated the importance of this component.  In regards to analysis of the ability of the  

workshop to help diminish this heavily-weighted barrier, post-workshop survey 

respondents predicted that they would have an increased use of state objectives as a 

baseline rather than an inclusive outline as a result of the workshop.  Response range for 
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Table 12:   Descriptive statistics of post-workshop survey questions.  Mean values above 
3.0 with low standard deviations and negative skewness indicate that the 
workshop helped to diminish each of the barriers that were focused on during 
the four day workshop.  Based on these parameters, the workshop did 
influence diminishment of each of the barriers (represented by survey 
components) to curricula change, as well as increase awareness for necessity 
of incorporating modern content into current curricula.  Results also indicate 
an increased likeliness of participants incorporating such changes into their 
curricula. 

  
Descriptive Statistics of Post-Workshop Survey Data 

Survey Component Range Minimum Maximum Mean 

Std. 

Deviation Variance 

 

Skewness

Increased understanding of 
modern bio 2 3 5 4.8333 .51450 .265 -3.239

Increased awareness of current 
research in bio 1 4 5 4.9444 .23570 .056 -4.243

Increased understanding of new 
fields of study incorporated into bio 1 4 5 4.8889 .32338 .105 -2.706

Increased awareness of biothreat 
agents 1 4 5 4.7778 .42779 .183 -1.461

Increased ability to understand 
journals 2 3 5 4.6667 .59409 .353 -1.683

Increased confidence to teach 
modern bio 2 3 5 4.5294 .62426 .390 -.997

Increased understanding of current 
research techniques and 
applications in bio 

1 4 5 4.9412 .24254 .059 -4.123

Increased ability to envision 
futuristic goals of science 
education 

1 4 5 4.8824 .33211 .110 -2.610

Enhanced perception of impact on 
future generation of scientists 1 4 5 4.8333 .38348 .147 -1.956

Increased awareness of necessity 
to integrate biotechnology skills 
into curricula 

1 4 5 4.8889 .32338 .105 -2.706

Made you more aware of science 
career options for students 2 3 5 4.8235 .52859 .279 -3.136

Increased comfort with answering 
student questions about modern 
biology 

1 4 5 4.7647 .43724 .191 -1.372

Made you more likely to 
incorporate biodefense into current 
curricula 

3 2 5 4.1429 .94926 .901 -.951

Made you more likely to 
incorporate bioinformatics into 
current curricula 

2 3 5 4.2143 .89258 .797 -.479

Increased focus on scientific skills 
as useful processes rather than set 
of definitions 

1 4 5 4.5714 .51355 .264 -.325
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Table 12 continued: 
Survey Component 

Range Minimum Maximum Mean Std. 

Deviation

Variance Skewness 

Increased ability to provide 
information about career 
possibilities related to 
biodefense/bioinformatics to 
students 

2 3 5 4.5333 .63994 .410 -1.085

Increased collaboration with peers 
for curricula development 2 3 5 4.2000 .77460 .600 -.383

Increased likeliness for 
participation in future professional 
development opportunities 

2 3 5 4.5625 .62915 .396 -1.183

Increased opportunity for students 
to experience real  problem solving  2 3 5 4.3125 .79320 .629 -.662

Likely to present new topics from 
workshop 2 3 5 4.4286 .75593 .571 -.967

Likely to use examples from 
workshop for current topics in class 1 4 5 4.7143 .46881 .220 -1.067

Increased excitement to teach new 
aspects of biology 1 4 5 4.7222 .46089 .212 -1.085

Increase use of standards as 
baseline rather than inclusive 
outline 

2 3 5 4.3333 .61721 .381 -.312
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this question regarding their intents was 2, with the minimum score of 3 (“somewhat”), 

which was reported by only one of the nineteen respondents.  All other respondents 

reported either a score of 4 (“a good amount”), or 5 (“very much”), yielding a mean score 

of 4.333 having negative skewness and standard deviation of 0.617.  This indicates that 

the workshop did help to diminish this component currently acting as a barrier to teacher-

initiated curricula change.   

The workshop also focused on several other barriers reported as more heavily-

weighted contributors by both previous research studies and pre-workshop respondents in  

this study.  Specifically, diminishment of both “teacher belief that state objectives 

adequately prepare students for modern day careers in the field of discipline,” and 

“Teacher belief that state objectives are current with modern field of discipline” were 

focuses of this workshop experience.    

Post-workshop survey analysis shows that participants reported that the workshop 

experience did have an impact on diminishing each of these barriers as well.  

Respondents reported that the workshop helped to increase their understanding of modern 

biology, as well as increase their understanding of new fields of study and current 

research applications incorporated into modern biology.  Responses to questions about 

each of these components had a mean score of 4.8 or higher.  This indicates that the 

workshop helped participants to realize that the content of state objectives may not 

always be current enough to adequately prepare students for modern day careers in a 

specific field of discipline such as biology.   
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In addition to these more heavily weighted barriers to curricula change, the factor 

analysis portion of this study revealed nine broad factors that are deemed influential 

barriers to curricula change based on pre-workshop survey responses.  As reported earlier 

in the result section of this study, these include:  

• factor 1 represents lack of time 
• factor 2 represents state test score pressures and lack of community 

respect for teachers 
• factor 3 represents fear of losing control of the class and unsuccessful 

results when implementing new lessons 
• factor 4 represents limited support of teacher input in the school 
• factor 5 represents limited curricula developing skills and limited self-

knowledge of modern content within discipline  
• factor 6 represents teacher belief that state objectives are current with 

modern field of discipline and limited use of current resources beyond the 
textbook 

• factor 7 represents perception of limited influence of teacher practices 
over student improvement 

• factor 8 represents primary emphasis placed on state test objectives 
• factor 9 represents limited ability to incorporate application skills in 

curriculum and teach beyond vocabulary 
 
The workshop was designed to assist participants with diminishing some of these 

contributing factors and their underlying components as well.  Specifically,  “fear of 

losing control of the class and unsuccessful results when implementing new lessons,” 

“limited self-knowledge of modern content within discipline,” “teacher belief that state 

objectives are current,” and “limited ability to incorporate application skills and teach 

beyond vocabulary”  were all taken into consideration when designing the workshop. 

Post-workshop analysis results also indicate a diminishment in each of these 

components acting as barriers to curricula change as a result of the workshop experience.  

Measurement of the effectiveness of the workshop for each of these components was 
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based on mean scores, standard deviation scores, and skewness for selected post-

workshop survey questions.  Specifically, participants were asked to what degree the 

workshop had helped to increase their confidence to teach modern biology, increase their 

excitement to teach new aspects of biology, and increase their comfort with answering 

student questions about modern biology.  Participant responses to each of these questions 

had mean scores above 4.5 with negative skewness and minimal standard deviation.  This 

indicates that the workshop helped to diminish these barriers to curricula change as well. 

In addition to the factors mentioned above, diminishment of factor 9 which 

represents “limited ability to incorporate application skills in curriculum and teach 

beyond vocabulary” was a focus of the workshop.  Post-workshop respondents reported 

that the workshop did increase their ability to provide additional opportunity for students 

to have real problem solving experiences, with a mean response score of 4.313 having 

negative skewness and minimal standard deviation.   

Diminishment of components acting as barriers to curricula change as a result of 

the workshop experience is supported by above average mean statistics for each 

component question on the post-workshop survey.  In addition, participant responses 

regarding their likeliness to incorporate workshop content into current curricula were 

very favorable.  Therefore, the hypothesis that a professional development experience can 

contribute to diminishment of barriers to curricula change and increase the likeliness that 

such changes will be implemented is accepted. 
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Chapter 10: Conclusion and Future Research 

  

 Taken together, statistical analysis of the influencing factors on teacher 

willingness and ability to incorporate change beyond state mandated curricula objectives 

involves multiple independently contributing components.  All of these need to be 

carefully addressed in order for curricula change to successfully be achieved.   

 Results of this study support many of the previous research reports regarding 

factors which negatively influence teacher-initiated curricula change.  Time limitations 

due to mandated curricula is often reported as being a very influential barrier to change, 

so this study was not unique in reporting  this component as having a substantial impact 

on teacher-initiated curricula change (Brown, 1992; Brown, 1993; Din, 2002; Korentz, 

1991; Romberg, 1989).  

Although time limitation is a major contributing barrier, it is only one component 

of influence.  As reported by Smith et al. (1991), teachers often discard content that is not 

of high priority for school and district administrators.  This was supported with results in 

the current study which show that limited support of teacher input in the school system 

and lack of community respect for teacher input are influential barriers to teacher-

initiated curricula change.   

Previous researchers have concluded that decreased efficacy due to mandated 

testing is an influential barrier for teachers because this practice is perceived as 
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demeaning to their capabilities as professionals (Brown, 1992; Brown, 1993; Din, 2002; 

Korentz, 1991; Romberg, 1989).  Results of the current study also show diminishment of 

professional efficacy as being a potential inhibitor to change taking place in the 

classroom.  Participants reported fear of losing control of the class and having 

unsuccessful results when implementing new lessons as being barriers to experimenting 

with change.  They also reported difficulty with designing current relevant and engaging 

curricula, as well as difficulty with incorporating application skills into curricula as being 

barriers to change.  Each of these components being statistically significant in this study 

shows capability of negatively impacting the degree to which a teacher might engage in 

experimentation with curricula change.   

Previous research reports indicate that teacher knowledge of subject matter and 

views of learning and teaching are important influences on curricula change (Firestone, 

1998; Glasnapp, 1991; Grant, 2000; Grant, 2001; Zancanella, 1992).  Each of these 

components was also indicated to be contributing barriers to teacher-initiated change in 

the current study.  Participants reported that limited self-knowledge of modern content 

within the field of discipline negatively impacts their ability to incorporate new content 

into curricula.  Perception of limited influence of teacher practices over student 

improvement was also indicated in the current study be an influence on whether or not a 

teacher initiates curricula change.   

The field of biological science will continue to advance as technology and the 

power of knowledge are providing foundations for further molecular explorations.  

Teachers will be challenged to keep abreast of current advances within the field and to 
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update their curricula in order to adequately prepare their students for modern careers and 

life in general.  They will be challenged to re-conceptualize their role in the process of 

delivering modern information to their students.  

In this changing educational environment, there will be an increasing utility in 

teachers developing skills that will allow them to overcome barriers to incorporating 

curricula beyond that outlined in state objectives.  Since such a change entails both 

professional and personal challenges, teachers should be provided with structural support 

and opportunities to effect such a change.  An environment conducive to reconsideration 

of primary objectives for teachers of a rapidly advancing field of discipline such as the 

biosciences is necessary.   

As suggested by results of a study performed by Montgomery (1995), barriers to 

implementing new curricula can be overcome if teacher input through collaborative 

efforts is an initiator to the change.  He also suggested that small group collaboration 

would provide opportunity for teachers to learn from their peers of varying levels of 

experience, expertise, and personal beliefs.  With such collaboration, participants could 

work together to determine realistic goals and methods for implementing desired changes 

into curricula.  This in turn might allow for perceived barriers to incorporating new 

curricula to be diminished and for levels of professional efficacy to increase amongst 

participants.  

The workshop in this study was designed based on Montgomery’s vision of 

necessary elements conducive to teacher-initiated change.  It was also based on 

components reported to be contributing barriers to curricula change by pre-workshop 
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survey participants.  Based on post-workshop survey responses, the experience seemed to 

be an effective way of challenging teachers to reflect on their evolving role within the 

rapidly advancing bioscience field.   By focusing on addressing barriers to curricula 

change and allowing for a supportive environment, teachers were able to visualize their 

current and idealistic approach to teaching.  Through collaboration with peers, 

participants were able to discuss how they might approach resolving any differences 

between their current and idealistic teaching methodologies, and make decisions 

regarding future curricula changes supported by colleagues with varying levels of 

knowledge and experience.  As a result of the workshop, participants predicted that they 

would successfully incorporate new concepts from the workshop into their future 

curricula.    

10.1 Limitations to Study 

 Although a random sample of teachers would be the theoretical ideal situation, 

teacher participants who volunteer to participate in taking surveys and attend workshops 

may have above average motivation, determination, efficacy, and willingness to 

participate in self-reflection and collaboration.  This random sampling will factor into 

statistical analysis of data somewhat since variance in a normal distribution of population 

being represented by participants is an assumption made for many statistical tests.  

Teachers willing to participate in this study may therefore not have accurately 

represented the views of all teachers in the field of discipline.   

Another limitation in the current study is that the statistical power may have been 

reduced somewhat due to effect size of limited numbers of participants.  A larger and 
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more diverse population of teacher participants may provide different results than those 

reported in this study.  In addition, the small number of volunteers participating in the 

pilot testing of the pre- and post-workshop surveys for this study may have also been a 

limitation of the study.   

Finally, teachers responses on the post-workshop survey regarding the 

effectiveness of the workshop in diminishing barriers and predictions for incorporating 

workshop content into future curricula may have been answered from a positive 

perspective since the facilitator of the workshop had established relationships with the 

participants during the course of the workshop.  In addition, the facilitator of the 

workshop also had the role of reviewing the survey responses, and although responses 

were anonymous, this may have had an influence on some participants when evaluating 

the course. 

10.2 Future Research  

 Additional research beyond the objectives of this study would provide valuable 

insights into the current results.  Taking the opposite approach to most studies which 

focus on components that act negatively towards teacher-initiated change, the objective 

of determining which components support teacher-initiated curricula change would 

provide equilibrium in effectively designing a workshop experience to illicit such 

changes.  This would provide invaluable information for school administrators who are 

accepting of changes to curricula, yet realize the importance of not jeopardizing state test 

scores. 
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Valuable information could also be derived from a research study designed to 

assess whether or not teachers who currently teach courses with non-mandated objectives 

respond differently with regards to their willingness to experiment with curricula change 

and to what barriers they encounter when attempting such change.  Additional qualitative 

research could also be performed in a study designed to determine if any components not 

taken into account in this or previous research studies are perceived as being influential 

barriers to curricula change by teachers attempting such changes.    

Since the levels of efficacy and knowledge of content in the field of discipline 

both seem to contribute to ability of a teacher to incorporate curricula change, it would be 

interesting to determine if additional underlying components may be contributing to the 

degree of ease by which a teacher incorporates curricula change.  For example, it would 

be valuable to know if the number of years a teacher has been teaching and the level of 

courses taught by a teacher correlate with levels of efficacy and therefore willingness to 

experiment with change.  Research designed to determine if the amount of time lapsed 

since a teacher received a degree in the field of discipline and whether or not this 

correlates to knowledge of current field of discipline and willingness to experiment with 

incorporating current resources into curricula would provide additional insights as well.  

Valuable information would also be obtained by studies determining whether teachers 

holding advanced degrees within the field of discipline have more efficacy and 

willingness to experiment with change than teachers holding advanced degrees in another 

discipline such as education.  In the same line of thought, determining whether teachers 

who are in their first careers as educators versus those who have worked outside of the 
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education field have differences in tendency to experiment with change may provide an 

important link to alternative avenues for increasing efficacy levels in new teachers.  

By taking into account results of the previous and current studies, varying levels 

of experience and expertise appear to be important contributors to allowing a teacher to 

experiment with curricula change.  Through peer support utilizing the varying levels of 

experiences and expertise within a group, an effective collaboration and support system 

could be implemented during the workshop experience.  Leading teachers with more 

experience in teaching and more expertise in the field could provide mentorship on how 

to successfully overcome barriers to curricula change, which in turn would likely lead to 

increased levels of efficacy for those lacking this essential component for change.  

Avenues already exist which allow teachers and faculty to contribute to changes 

in some states having mandated course objectives.  Reviews of state objectives take place 

periodically, often with participants of the review board being volunteers from within the 

education field.  Teachers and administrators exposed to a workshop similar to the 

experience for participants in the current study may be more confident in their own 

knowledge.  These teachers may therefore be more willing to participate in these review 

boards.  This may lend itself to incorporating invaluable information, such as the 

curricula presented in the current workshop, into the state mandated objectives.  It may 

also encourage updates to keep state objectives current with the rapidly advancing field 

of biological sciences.  

In summary, the current study identified barriers that could deter teacher-initiated 

curricula changes and mechanisms that could be used to diminish such barriers.  These 
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findings, although not unique to this study, are important aspects necessary for allowing 

teachers to successfully approach updating their course curricula to prepare students for 

modern society. 
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Appendix I. 
 

Determining the Causative Agent of an Outbreak using Phylogenetic Studies: 
Understanding Relatedness and Differences Using Molecular Techniques 

 
Author: Karen Dalfrey 
Biology Instructor 
George Mason University and Osbourn Park H.S. 
 
Overview:  
 
This lab focuses on utilizing BLAST results of a protein commonly used as a “genetic 
marker determinant” to distinguish amongst varying strains of Salmonella.  Phylogenetic 
results are obtained from BLAST algorithms designed to characterize the degree of 
similarity and differences amongst nucleic acid and/or protein sequences, and these 
results will be of determinative value for solving the case of “Who is responsible for our 
recent tomato-linked Salmonella outbreaks?”   
 
Objectives:   
 
Learn how to use BLAST algorithms as comparative tools for phylogenetic studies. 
 
Construct phylogenetic trees based on BLAST results. 
 
Apply phylogenetic data to solve realistic problems such as crime scene investigations. 
 
Background:  
 
Recent outbreaks of tomato-linked Salmonella infections have sickened many people 
across the United States.  Although some investigations have helped federal agents to 
narrow down who might be the supplier of the infected tomatoes, epidemiological 
investigations are still continuing since so far the evidence has been inconclusive.   

Salmonella species are members of the enteric bacteria because they share many of the 
same mechanisms to establish virulence and initiate disease in their animal hosts.  
Although the variety of species vary in their mechanisms of pathogenicity and virulence 
factors,  many species produce a mixture of toxins as well as invasion and adherence 
factors that allow them to infect our cells.  Salmonella species establish infections in their 
hosts through intracellular parasitism in our intestinal cells.  They invade and grow inside 
our macrophages by having the oxyR gene that codes for proteins to neutralize the toxic 
oxygen products produced by macrophages and the pho gene that neutralizes 
macrophage-produced defensin molecules.   
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Salmonellosis (sometimes called food poisoning) is a gastrointestinal disease due to food 
borne Salmonella infection, leading to symptoms once the bacteria colonize the intestinal 
epithelium.  These bacteria normally inhabit animal guts, so they are found in sewage.  
All Salmonella species seem to be pathogenic to humans, and one species named S. typhi 
causes typhoid fever which is a very serious human disease.  Over 2000 variants of 
Salmonella species are known pathogens for humans, although many are not commonly 
found in the United States.  Those species found in the United States usually cause milder 
gastrointestinal cases compared to typhi.  The most common agent causing salmonellosis 
is S. typhimurium. 

The prevalence of salmonellosis cases in the United States is around 40,000-45,000 cases 
annually.  The sources of most food borne cases are the intestinal tracts of animals and 
humans introducing these bacteria into the food supply.  This can occur through improper 
hand-washing techniques of food handlers, or from chicken and cattle products (such as 
meat and dairy) that are not properly cooked. 

Ingestion of food containing Salmonella often results in bacterial colonization of the 
small intestine.  Onset of symptoms usually occurs within 8 to 48 hours, generally 
consisting of headache, chills, vomiting and diarrhea, followed by fever.  The disease 
usually lasts a couple of days, and patient fecal matter is the method of transmitting the 
bacteria during this stage of the illness.  In some more rare cases, septicemia blood 
infection occurs and patients experience more pronounced symptoms for a longer period 
of time. 

Antibiotic treatment is usually necessary only for septicemic or typhoid fever cases, and 
the best mechanisms of prevention are to cook foods and practice proper hygiene 
techniques such as hand washing. 

Recent molecular advances have provided many powerful tools for determining 
relatedness amongst organisms, and bioinformatics have supported these advances by 
allowing scientists to store genetic sequence databases for public access and providing 
tools for comparative analysis of these sequences.  The National Center for 
Biotechnology Information, found at the following NCBI website: 
http://www.ncbi.nlm.nih.gov/, provides such tools for our use at no charge.  Protein, 
mRNA, rRNA, and genomic sequence databases are available as well as algorithm-based 
software, all of which allow us to perform molecular techniques commonly used in 
identifying and characterizing organisms.   

Comparative analysis of molecular sequence data can be used to create molecular-based 
phylogenous trees based on the rate of mutations in protein and nucleic acid sequences.   
A phylogenous tree is therefore similar to a “molecular clock” in that analysis of the 
number of differences in amino acid or nucleic acid sequences may be proportional to 
elapsed time as well as environmental selective pressure (or evolution). 
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Scenario:   
 
Students will play the part of a research group studying which strains of Salmonella best 
match the isolates from patients infected by ingesting tomatoes.  This activity will 
simulate a realistic situation in which isolates are collected from either patients or crime 
scenes, and then nucleic acid sequences and molecular technology are used to determine 
the best match for the source of the outbreak or crime.   
 
Hundreds of people have recently been sickened with intestinal illnesses, and specific 
types of tomatoes seem to be the culprit source of the Salmonella.  Nucleic acid 
sequences for a chemical signaling molecule (termed quorum sensing in prokaryotic 
language) is encoded for by the sdiA gene, and a group of researchers (Halatsi et al.) 
determined that the sdiA gene is a good diagnostic marker for Salmonella species, based 
on its specificity to Salmonella strains only.  
 
 
Timeframe:  This paper lab will take one 45-minute block, including explanation and 
students generating data and conclusions. 
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Phylogenetic Studies Lab: Student Manual 
 
You are part of a research group being asked to determine the source of recent 
Salmonella-infected tomatoes.  Hundreds of people in various regions of the United 
States have recently become ill with fever and diarrhea, and the only common link known 
between these outbreaks at this time is that all patients had eaten large raw tomatoes 
several days before becoming ill.  This is a huge public health concern as well as 
economic concern because grocers and restaurants have been told they can no longer sell 
or supply large tomatoes to consumers until the source of the infected tomatoes has been 
determined. 
 
In this activity you will be simulating an epidemiological investigation utilizing 
molecular techniques and bioinformatics to determine which strain of Salmonella is 
causing all of the recent illnesses.  By doing so, you will be helping to pin-point the 
specific geographical region responsible for distributing the infected tomatoes.  You will 
focus on one specific gene found in all Salmonella species, sdiA, which is a cell 
communication gene.  Each species of Salmonella has this gene, although the nucleic 
acid sequence for this gene varies amongst the species. 
 
You will be working with nucleic acid sequences housed in a public database by the 
National Center for Biotechnology Information at the following website, 
http://www.ncbi.nlm.nih.gov/.  This center also provides analysis software that is used 
daily by millions of scientists, and you will be doing the same analysis with the same 
software to solve this case. 
 
Procedure:   
 

1. Log into the NCBI website at http://www.ncbi.nlm.nih.gov/  
2. You should see the home screen shown in Figure 3 below.  Click on the BLAST 

tab at the top center of the screen. 
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    Figure 3: NCBI Homepage 

3. Click on the link for microbes under BLAST assembled genomes shown in Figure 
4. 

 
      

Figure 4: NBCI BLAST screen page 
 



 103

 
4. Enter the following query sequence (FASTA format) as shown in Figure 5: 
 

ATGCAGGAAAATGATTTCTTCACCTGGCGACGCGCAATGTTGTTACGCTTTCAGGAGATGGCG
GCAGCAG 
AGGATGTTTATACTGAATTGCAATATCAGACACAGCGGCTGGAATTTGATTATTATGCCCTGT
GTGTTCG 
TCATCCCGTTCCCTTTACCCGGCCTAAAATATCGCTTCGTACCACTTATCCTCAGGCGTGGGTA
ACGCAT 
TATCAGTCCGAAAACTATTTCGCGATTGATCCGGTATTAAAGCCGGAAAATTTCAGGCAGGGT
CATTTAC 
ATTGGGATGACGTGCTATTTCATGAAGCGCAGGCGATGTGGGATGCCGCCCAGCGTTTCGGAT
TACGCAG 
AGGCGTAACCCAGTGTGTGATGTTGCCGAACCGGGCGCTGGGCTTTTTATCTTTCTCCCGTAGC
AGTTTA 
CGCTGCTCCTCGTTTACCTACGATGAAGTGGAGCTGAGGTTGCAACTGCTGGCGCGGGAGAGT
CTTTCGG 
CGCTGACAAGACTTGAAGACGACATGGTGATGGCGCCTGAGATGCGTTTCAGTAAACGTGAG
AAAGAGAT 
TCTGAAGTGGACGGCGGAAGGGAAGACCTCATCGGAGATCGCCATTATTCTGTCGATTTCTGA
AAATACC 
GTTAACTTCCATCAGAAAAACATGCAGAAGAAATTCAATGCGCCAAATAAAACACAGATTGC
CTGCTACG 
CTGCGGCGACAGGTCTGATATGA 
 
This will represent the genomic sequence of the sdiA protein from isolates taken from 
patients sickened from the tomatoes.   
 

 
      

Figure 5: NCBI Microbial Genomic BLAST screen page 
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5. Scroll down to the “gamma subdivision: Enterobacteriales” section, and click on 

all possible Salmonella species (as shown in Figure 6) to compare to your 
sequence from the infected isolate. 

 

 
      

Figure 6: NCBI BLAST Enterobacteriales screen page 

 

6. Click BLAST, then VIEW REPORT on the next screen. 
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7. Your results screen will first include a Graphic Summary.  This alignment, shown 
in Figure 7,  is showing very close similarity in the nucleic acid sequences for 
sdiA for these species of Salmonella, but let’s analyze a bit more in depth. 

 

Figure 7: NCBI BLAST Alignment Graphic Summary screen page 
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8. Scroll down until your view is the same as Figure 8. 

 

Figure 8: NCBI BLAST Alignment Descriptions screen page 

The “E Values” here for each strain having significant alignments to your patient isolate 
are all 0.00.  This value is important because it tells you the probability that the 
significance of the sequence alignments are by chance only.  Having 0.00 or “negative” 
values here would be a good thing because if you determine a sequence to have 
significant alignment to your isolate, statistically you would want that alignment to not be 
due to chance. 

Now for more accurate determination of which strain might be the culprit for the tomato-
linked outbreaks…. 
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9. Scroll down until you see the screen shown in Figure 9 below.  This gives 
specifics about the alignment scores, including the number of identities, 
percentage of match in nucleotides, as well as specific alignment sequences. 

Our first alignment (Salmonella enterica subsp. enterica serovar Typhi str.CT18) 
shows 723 out of 723 nucleotides are in alignment, so 100%.  There were 0% 
gaps, or unknown areas.  This is really good evidence that our patient isolate 
might be of this strain. 

 

Figure 9: NCBI Salmonella BLAST Alignment screen page 

10. Continue to scroll down to the next strains, making note of the % Identities in 
sequence for each strain in comparison to your patient isolate. 
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Analysis Questions: 

1. Based on your results, can you determine which strain of Salmonella is causing 
the illness in the tomato-linked cases? 

 

 

2. If yes, which strain is the culprit?  Explain your reasoning. 

 

 

3. If no, why are you unable to make the determination? 
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Procedure B: Constructing Phylogenetic Trees based on Protein Alignments 
 

1. Return to the NCBI homepage at http://www.ncbi.nlm.nih.gov/. 
2. Click on the ALL DATABASES tab at the top of the screen 
3. This will take you to the Entrez Cross Database Search screen as shown below in 

Figure 10. 

 
      

Figure 10: NCBI Entrez Search Engine screen page 
 

4. Click on protein in the left column.  This will bring you to the screen shown in 
Figure 11. 
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Figure 11: NCBI Protein Search Engine screen page 
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5. Click on Search for Genes in the left column of your screen.  This will bring you 
to the Entrez Gene screen shown in Figure 12. 

 

 
     

Figure 12: NCBI Entrez Gene Database search page 
 
 

6. At the top of the screen you will see the pull-down tab for Gene already set as 
your default.  Enter “sdiA” in the “for” box as shown in Figure 12. 

7. Click “go” and you should see the screen shown in Figure 13. 
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Figure 13: NCBI Entrez Gene sidA screen page 
 

8. Scroll down to choice number 5: DNA-binding transcriptional activator 
[Salmonella enterica subsp. enterica serovar Typhi str. CT18] and click on the 
sdiA link. You should be viewing the screen shown in Figure 14. 

 

 
Figure 14: NCBI Entrez Gene sidA Report screen page 
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9. Under the “Genomic regions, transcripts and products portion of the screen you 

will see a burgundy coding region with a link highlighted in red next to it as 
shown below in figure 15.  

 
Figure 15 NCBI Entrez Gene sidA Coding Region screen page 

 
Click on the NP_456513.1 DNA-binding transcr link and choose FASTA from 
the pull down tab choices.  Results are shown in figure 16 below. 
 

 
     

Figure 16: NCBI FASTA NP Report for sidA Gene screen page 
 

10. Copy and paste this FASTA sequence into a separate Word document.  You can 
delete the first line of the sequence (from >gi to str.) from your document since 
this is the strain ID and not part of the sequence. 

11. Return to NCBI Homepage at http://www.ncbi.nlm.nih.gov/; Click on BLAST at 
the top of the screen bar. 

12. Choose protein BLAST in the left area of the screen. 
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13. Enter your FASTA sequence and organism name as shown in Figure 17 below, 

then click BLAST. 

 
      

Figure 17: NCBI BLAST Query screen page 
 
Your next screen should be BLASTP screen shown in Figure 18. 
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Figure 18: NCBI BLASTP screen page 

14. Scroll down to view the alignment results of your QUERY sequence as shown in 
Figures 19 and 20.   

 
Figure 19: NCBI BLASTP Results screen page 
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Figure 20: NCBI BLASTP Results screen page continued 
 
 
 
 
BLASTP Questions:   

1. What is the significance of the E values obtained during your inquiry? 
 
 

2. Which of these sequences show significant alignment to your QUERY strain? 
Explain how you determined this. 

 
 
Phylogenetic Tree Results of your QUERY: 
 
At the bottom of the screen shown in Figure 10 you will see a link for “Distance tree of 
results.”  This link will allow you to use software algorithms that will create distance 
maps for all selected organisms chosen by the user. 
 
Let’s choose “Select all” for this example, then click on the “Distance tree of results” 
link.   
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Now have some fun by choosing different tree types such as “rectangle” and “slanted” as 
well as changing between the “Fast Minimum Evolution” and “Neighbor” pull-down tabs 
to view a variety of tree options that can be created by your QUERY as shown in Figures 
21 through 23 below. 
 

 
  

Figure 21: NCBI Rectangle Mode View; Fast Minimum Evolution Tree Method screen 
page 
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Figure 22: NCBI Rectangle Mode View; Neighbor Joining Method screen 

page 
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Figure 23: NCBI Rectangle Neighbor Joining Tree Method screen page 
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Teacher Key 

 

Questions: 

1. Based on your results, can you determine which strain of Salmonella is causing 
the illness in the tomato-linked cases? 

It is not possible to pin point it to one strain only. 

2. If yes, which strain is the culprit?  Explain your reasoning.  If no, why are you 
unable to make the determination? 

It could be either serovar Typhi str. CT18 or serovar Typhi Ty2 since both of 
these had 100% identity match. 

 

 

BLASTP Questions:   
1. What is the significance of the E values obtained during your inquiry? 

A determinative as to whether or not the alignment in sequences to that of 
your QUERY sequence are due to chance.  A negative E value is desired 
since this means it is unlikely that the similarities are due to chance alone. 

 
2. Which of these sequences show significant alignment to your QUERY 

strain? Explain how you determined this. 
Any E value that is negative or 0.00 shows that the alignment similarities 
are not due to chance, so the first few are definitely significantly aligned to 
the QUERY sequence.  The next several E values are positive, yet the 
numbers are so insignificant that these also likely show alignment. 
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Appendix II. 
 

Pneumonic Illnesses: Using Bioinformatics to Differentiate between Causative Agents 
 
Author: Karen Dalfrey 
Biology Instructor 
George Mason University and Osbourn Park H.S. 
 
Background:   
 
This lab focuses on utilizing current bioinformatics and biomolecular technologies to 
design a microarray that would differentiate between pneumonic illnesses caused by one 
of several current biothreat agents.  This is important because exposure to agents such as 
Bacillis anthracis (pneumonic anthrax), Yersinia pestis (pneumonic plague), and 
Francicella tularensis (pneumonic form of tularemia) all cause similar symptoms in the 
case of respiratory tract portal of entry.   
 
The need for rapid diagnostics to treat fast progressing respiratory illnesses such as these 
has led to microarray production that would differentiate between the causative agents of 
a pneumonic illness in the event that an unexpected outbreak would occur.  Utilizing 
microarray tests, an efficient technique is available to elucidate the genetic differences 
between all CDC biothreat agents causing pneumonic forms of illness.   
 
Anthrax, plague, and tularemia are three agents on the CDC’s top priority list of 
biothreats due to their ease of dissemination and capability of infecting large populations 
in a very short period of time.  As seen in the 2001 Anthrax attacks, outbreaks such as 
these would cause massive public panic, social and economical disruption, and require 
very fast treatment for survival of those exposed. 
 
Lesson Overview:  
 
The purpose of this lab activity is to design a microarray that would differentiate between 
three CDC Biothreat agents with pneumonic forms of illness.  The lab is designed to 
provide a deeper understanding of how a microarray can be used to measure for genetic 
differences between biological agents.  This will be accomplished by finding genes that 
differentiate between the three agents and selecting probes that would hybridize to the 
DNA of these genes.   
 
Although this lab will accurately depict the processes utilized to design a microarray, 
much of the complexities involved will not be included in order for students to get a 
generalization of the process.  A true microarray would include not only hybridization 
probes for the genes in question, but positive and negative controls, as well as 
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background noise controls.  All of these components have been omitted from this lab for 
the sake of simplicity in design. 
 
Scenario:   
 
Several outbreaks of pneumonia have occurred in distant regions of the U.S. within days 
of each other.  Because of the nature of the outbreaks, terrorism may be involved.  You 
are being asked to design a microarray that can differentiate between pneumonic forms of 
anthrax, plague, and tularemia since all of these agents would cause the symptoms being 
experienced by the patients in outbreak areas.   
 
Objectives:   
 
Learn how to use the Taxplot to locate differences in genomes of different organisms. 
 
Learn how to use the NCBI website to find nucleotide sequences of genes. 
 
Learn how to use Mfold to assure that your probes will be available for hybridization at 
specific temperature ranges and will not be inclined to undergo internal folding. 
 
Create a microarray that would allow for differentiation between three select agents that 
could cause similar pneumonic symptoms to solve the problem presented in the scenario 
above. 
 
Present your microarray and persuade your peers of its validity in function. 
 
Timeline:  
 
The introduction and laboratory activities require one 90 minute block to complete.  
Presentation and reports of the array design would require an additional 45 to 90 minute 
time period, much of which could be assigned as homework. 
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Pneumonic Illnesses: Using Bioinformatics to Differentiate between Causative Agents 
 

Student Manual 
 

In this laboratory investigation you will be creating a microarray that will differentiate 
between several bacterial agents that might have caused recent pneumonia outbreaks in 
Florida, California, Boston, and Chicago.  Patients in each of these areas began to 
experience pneumonia symptoms yesterday, and the FBI suspects that terrorism may be 
involved.  You will be asked to find a gene that would be useful to distinguish between 
Bacillis anthracis (Ames strain), Yersinia pestis (KIM strain), and Francicella tularensis 
(holarctica strain) since each of these agents could potentially be the source of illness. 

 
Your procedures for creating this microarray are very similar to what would be done in a 
real bioinformatics laboratory.   
 
 
Introduction: 
 
DNA microarrays, also called chips, allow for screening of many genes simultaneously.  
This technology allows for expedited information about genes that once took weeks or 
months to obtain. 
 
A DNA microarray is a slide with a grid specifically ordered with different known DNA 
sequences (20-70 bases long).  These DNA sequences represent genes present in a 
particular organism, and each sequence used on the array is specific to a particular gene.  
A hybridization probe with complimentary (opposite) sequence to the original DNA is 
bound to a particular spot on the array slide.  DNA from the organism will therefore 
attach (hybridize) to the attached probe of complimentary match, allowing for the 
investigator to determine if a gene was present in a particular organism. 
 
This lab uses only one probe per organism, but in a realistic situation a scientist would 
use hundreds or even thousands of probes from one particular organism’s genome.  A 
true microarray would also include positive and negative controls, although our lab will 
not include these experimental factors for sake of simplicity. 
 
The probes contain fluorescent dyes, CY3(green)  and CY5 (red).  The chip is visualized 
using a laser to excite the dyes attached to the probes hybridized to the chip.  Light from 
the dyes is converted to a signal that gets interpreted and converted to numbers by 
computer software. 
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Procedure:  
 
I.  Using TaxPlot to identify a set of genes that would differentiate between these three 
agents. 
 
TaxPlot provides a three-way comparison of genomes on the basis of the proteins they 
encode.  Genes farthest from the x = y line are those that potentially differentiate between 
the three agents.   
  
Starting a Session:  

1. Go to the TaxPlot website (www.ncbi.nlm.nih.gov/sutils/taxik2.cgi) to begin  
a session 

2. Select for Microbial genomes:   Protein homolog in Complete Microbial / 
Eukaryotic genomes 

3. Select your three query genomes as follows: 
a. B. anthracis str. Ames 
b. Y. pestis KIM 
c. F. tularensis subsp. Holarctica 

4. Click on compare and your resulting screen should be the same as Figure 24. 
 

 
      

Figure 24: NCBI TaxPlot Query screen page 
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5. Click on the protein farthest from the x = y line, shown circled in Figure 24.  
You should see the following information from Figure 25 at the bottom of    
your screen.  This represents a protein that is likely different enough in all 
three agents that you could use the gene sequence coding for this protein to 
differentiate between them.   

 
 

Blast2Seq Accession Blink Definition 

 NP_846818 => aldehyde-alcohol dehydrogenase [Bacillus 
anthracis str. Ames] 

2105 NP_669338 => CoA-linked acetaldehyde dehydrogenase 
[Yersinia pestis KIM] 

181 YP_001428 => 
iron-containing alcohol dehydrogenase 
[Francisella tularensis subsp. holarctica 
FTNF002-00] 

      
Figure 25: NCBI TaxPlot Query Results screen page 

 
6. Next, you will need to get the sequence in FASTA format for each of the 

proteins above.  To do so, click on the Accession Number (ex. NP 846818).  
This will take you to the NCBI website and you will get an accession screen 
with a variety of information.  Scroll down until you see CDS “Gene ID” as 
shown in Figure 26.   
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Figure 26: NCBI Gene FASTA Query Results screen page 
 
 

7. Click on “Gene ID” and you will see the screen shown below in Figure 27: 
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Figure 27: NCBI Entrez Gene Results screen page 
 

8. Click on NC_003997.3 and choose FASTA format.  You will get the screen 
shown below in Figure 28. 

 
     

Figure 28: NCBI Nucleotide FASTA Results screen page 
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9. Save this FASTA sequence into a Word file.  Repeat this process for the Y. 
pestis and F. tularensis proteins as well, saving each sequence into your file.   

 
Note: Keep your FASTA sequence file open, you will need it for the 
next step of designing hybridization probes for your microarray. 

 
II:  Using Primer3 to pick hybridization probes from a DNA sequence 
 

1. Open Primer3 at the following link: http://frodo.wi.mit.edu/primer3/input.htm. 
You should see the screen shown below in Figure 29. 
 

 

 
     

Figure 29: Primer3 Homepage 
 
 
 

2. Locate the box in which you will paste your FASTA sequence, then copy and 
paste the B. anthracis sequence from your Word file (note: only copy the 
nucleotide sequence, not the strain label in the first line). 
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3. Since our goal is to design hybridization probes rather than primers, select the 
“Pick hybridization probe” box and deselect both the “Pick left primer” and 
“Pick right primer” boxes as shown in Figure 30. 

 
 

 
.     

Figure 30: Primer3 Input screen page 
 
 

4. Select “Pick Primers” and you will get the resulting 20-mer sequence that has 
been selected as the best hybridization probe for this protein.   

OLIGO            start  len      tm     gc%   any    3' seq  
INTERNAL_OLIGO    2311   20   59.99        50.00        3.00      2.00  
GAGCACTTTGTGGCTGATGA 

 
• Note the temperature of 59.99 for this hybridization probe.  It will 

be important that all of your probes on an array have a 
hybridization temperature within this range. 
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5. Repeat these Primer3 steps for your two additional proteins from Y. pestis and 
F. tularensis. 

 
Questions:  
1.  List the sequence chosen by Primer3 for the Y. pestis protein: 

 
 

2. What is the hybridization temperature (tm) for this probe?   
 
3. Is this temperature compatible with that of the other probes on this array?  

 
 
4. List the sequence chosen by Primer3 for the F. tularensis protein: 

 
 

5. What is the hybridization temperature (tm) for this probe?   
 
6. Is this temperature compatible with that of the other probes on this array?  

 
 
7. Why is it important for all temperatures of the various probes on an array to 

be within a close range to each other?  What might happen if you chose a 
probe that had a very different hybridization range from the others on the 
probe? 

 
III. Using BLAST to determine if your probe would cross-react 
 

Now that you have probes chosen for each gene of interest, it is important that 
the probe hybridizes only with the genomic material from the specific 
organism for which it is designed.  For example, it would not be a good probe 
if you were to get hybridization for both B. anthracis and Y. pestis since the 
purpose of your microarray is to differentiate between the two. 
 
To determine if your probe would cross-react with the other organisms that 
might cause similar pneumonic symptoms, a BLAST search would be your 
next step in deciding whether or not your probe is an acceptable one.   
 
 
 
 
 
 
 
 



 131

Procedure:  
 

1. Open the NCBI website at http://www.ncbi.nlm.nih.gov/ to view the screen shown in 
figure 31.  

 
    

Figure 31: NCBI Homepage 
 
2. Near the top of the screen in dark blue you will see a tab bar.  Click on BLAST. The 

following screen should appear as shown in Figure 32.   
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Figure 32: NCBI BLAST screen page 
 3.  Choose “Microbes” as your type of organisms under the BLAST Assembled 

     Genomes choices. The screen shown in Figure 33 should appear. 
 

 
     

Figure 33: NCBI BLAST Assembled Genomes screen page 
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4. Enter your query sequence, which is the sequence of your first probe 
generated by Primer3 for B. anthracis.  Leave other parameters set at the 
defaults as shown in Figure 34. 

 

 
      

Figure 34: NCBI Microbial Genomic BLAST screen page 
 

5. Scroll down this page shown in Figure 35 and click on your other two 
organisms that you wish for your probe to discriminate against, Y. pestis KIM 
and F. tularensis subsp. holarctica.  Once you have done this, click on BLAST 
at the bottom of the screen (you may have to scroll down). 
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Figure 35: NCBI Microbial Genomic BLAST screen page continued 
 

6. Click on View Report when you get to the Format Request screen shown in  
Figure 36 to view the results page shown in Figure 37. 

  
      

Figure 36: NCBI BLAST Format Request screen page 
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Figure 37: NCBI BLAST Formatting Results screen page 
 
 Great news!!!  In this particular BLAST search, no similarities were found in  
 either Y. pestis or  F. tularensis that would possibly hybridize to your probe.  This  
 is a keeper!! 
 

7. Repeat steps 1 – 6 above with the other two probes generated by Primer3 to 
 determine if those are acceptable as well. 
 

 BLAST Questions: 
 

1. Are your other two probes good candidates for use on this microarray?  
 
2.  Explain why or why not. 

 
 
IV. Using Mfold to determine folding energies and internally formed folding 
 
For more accurate determination of folding energies, use the Mfold server to determine if 
internally-formed secondary structures would inhibit your probe from hybridizing with 
the target cDNA.   
 
Mfold output parameters include ∆G, or the change in free energy.  We are using this 
change as a guideline to indicate stability of secondary structures.  The change in free 
energy, ∆G, can be calculated for any reaction with the following formula:  

∆G = ∆H - T∆S 
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∆H symbolizes the change in the system’s enthalpy (total energy for biological systems), 
and ∆S is the change in the system’s entropy (randomness or disorder).  T is the absolute 
temperature in Kelvin units (K = C + 273). 
 
Once we know the value of ∆G for a particular reaction (in this case secondary internal 
folding), we can use it to predict whether or not the reaction will occur spontaneously, 
without an external energy source.  A “negative” ∆G indicates in our reaction that the 
secondary internal folding will occur spontaneously, so the more negative the value the 
more likely you will get secondary internal folding of the probe.  This is obviously not 
good since you want the probe to remain linear so that it can hybridize to the desired 
nucleic acid.   
 

1. Open the Mfold server at http://dinamelt.bioinfo.rpi.edu/quikfold.php.   As 
shown in Figure 38 below, enter the probe selected for by Primer3 for B. 
anthracis; Y. pestis; and F. tularemia in this format (sequences separated by 
semicolon).  Remember to change the folding temperature to the range 
specified by Primer3, in this case 60.  Click submit, and your queue will be 
spooled with results will appear within a few seconds to minutes.   

 

 
      

Figure 38: DINAmelt Server Homepage 
 

2. Once you get the “Prediction of Melting Profiles for Nucleic Acids” screen as 
shown in Figure 39, you are ready to begin your final analysis to determine 
whether your probes will be optimal for the temperature conditions specified 
for your particular array.  For each of your probes, locate the temperature 
closest to that of your array, in this case 60.   
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Figure 39: DINAmelt Server Predictions screen page 
 

3. Record the parameters for each of your probes in Table 1 below:   
a. Sequence 1:  

ΔG = +0.29 ΔH = -21.10 ΔS = -64.21 Tm = 55.5   °C 

b. Sequence 2:  
ΔG =    ΔH =  ΔS =  Tm =     °C 

c. Sequence 3: 
ΔG =    ΔH =  ΔS =  Tm =     °C 

 
4. Click on the “png” link for the probe nearest to your desired temperature for 

each sequence.  Figure 40 shows the predicted secondary folding for the B. 
anthracis probe you’ve been working with. 

 
Although there is some secondary “internal” folding predicted for this probe, 
the region of internal hybridization is only between three base pairs.  A 
general rule of thumb is 4 base-pair regions of internal hybridization are okay, 
but more than 4 you might consider finding a more suitable probe. 
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Figure 40:  DINAMelt Predicted Secondary Folding Results screen page 
 

5. Now locate the predicted secondary structures for your Y. pestis (sequence 2) 
and F. tularensis (sequence 3) by clicking on the PNG link with the 
temperature range closest to your specified probe temperature, in this case 60. 

6. Draw the secondary structures predicted for each of these probes in the spaces 
below. 

 
Y. pestis (sequence 2)  F. tularensis (sequence 3) 

 
Mfold Questions:  
 

1. Based on thermodynamics of this reaction, would all 3 of these probes chosen 
by Primer3 be sufficient for the purposes of this microarray? 
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2. Explain why or why not. 
 

 
Lab Conclusion Questions:   

1. Now let’s factor in the “Scientific Method” to our microarray design.  Our 
current design is missing some key components that would cause the validity 
of our design to be doubted.  List several components that would be necessary 
to include in our design in order to make our results more valid.   

 
 
 
 

2. If you were to add controls into your experiment, you would need both 
positive and negative controls.   
a. What is the purpose of a positive control in this microarray experiment? 

 
 

b. What is the purpose of a negative control in this microarray experiment? 
 
 

c. What types of genes could you use for positive controls? 
 
 

d. What types of genes could you use for negative controls? 
 
 
 
 
 
Optional Advanced Practice Exercise: 

1. Choose a gene for your positive control and negative control for this 
microarray, and go through the entire steps in all processes of the lab to 
design the probes that would hybridize to those genes specifically.  Defend 
your choice of genes as well as choice of probes for each gene. 
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Teacher’s Key:  Answers to Primer3 Questions 
 

Questions:  
1.  List the sequence chosen by Primer3 for the Y. pestis protein: 

OLIGO            start  len      tm     gc%   any    3' seq  
INTERNAL_OLIGO    1049   20   60.00   40.00  4.00  0.00 
AAGAAGCGGTTGAAAAAGCA 

 
 

8. What is the hybridization temperature (tm) for this probe?  60.0 
9. Is this temperature compatible with that of the other probes on this array? Yes 
10. List the sequence chosen by Primer3 for the F. tularensis protein: 

OLIGO            start  len      tm     gc%   any    3' seq  
INTERNAL_OLIGO     763   20   59.98   50.00  6.00  4.00 
TCAGGAGTCGTGCAAGATTG 

11. What is the hybridization temperature (tm) for this probe?  60.0 
12. Is this temperature compatible with that of the other probes on this array? Yes 
13. Why is it important for all temperatures of the various probes on an array to 

be within a close range to each other?  What might happen if you chose a 
probe that had a very different hybridization range from the others on the 
probe? 

Since the entire array will be exposed to the same temperatures during the 
hybridization step of the protocol, it is important that each probe is 
expected to hybridize to target cDNA of complimentary sequence.  If a 
probe has a hybridization range outside of the hybridization temperature 
for the array, it is unlikely that the cDNA will bind to that specific probe. 

 
 
BLAST Questions: 
 

1. Are your other two probes good candidates for use on this microarray? Yes 
2. Explain why or why not.  BLAST results showed “no significant similarity 

found” for both probes. 
 

Sequence 2 ΔG = +1.85 ΔH = -32.10 ΔS = -101.91 Tm = 41.8°C 

Sequence 3 ΔG = +1.84 ΔH = -18.60 ΔS = -61.35 Tm = 30.0°C 

 
 
 
Mfold sequence 2 and 3 predicted secondary folding structures:  
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  Sequence 2   
 

 
  Sequence 3   
 
Mfold Questions:  

1. Based on thermodynamics of this reaction, would all 3 of these probes chosen 
by Primer3 be sufficient for the purposes of this microarray? Yes 

 
2. Explain why or why not.  All 3 probes have “+”ΔG values, indicating 

secondary folding will not occur spontaneously.  Also, if any folding were to 
occur at a temperature of 60, there are no areas with 4 or more base pairs 
involved in internal hybridization. 

 
 
Lab Conclusion Questions:   

3. Now let’s factor in the “Scientific Method” to our microarray design.  Our 
current design is missing some key components that would cause the validity 
of our design to be doubted.  List several components that would be necessary 
to include in our design in order to make our results more valid.   
Repeated trials, so three probes minimum per gene; positive and negative 
controls. 

 
4. If you were to add controls into your experiment, you would need both 

positive and negative controls.   
a. What is the purpose of a positive control in this microarray experiment? 

To compare the intensity of your fluorescence for each gene. 
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b. What is the purpose of a negative control in this microarray experiment? 
To give a basis for comparison of areas showing light fluorescing, as well 
as to determine how much “background noise” is being picked up by the 
scanner. 

 
 

c. What types of genes could you use for positive controls? 
Genes that would be present and expressed always in the organism you’re 
working with. 

 
d. What types of genes could you use for negative controls? 

Genes that would be completely absent in the organism you’re working 
with. 

 
 
 
Optional Advanced Practice Exercise: 

2. Choose a gene for your positive control and negative control for this 
microarray, and go through the entire steps in all processes of the lab to 
design the probes that would hybridize to those genes specifically.   
Defend your choice of genes as well as choice of probes for each gene. 
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Appendix III. 
 

Microarray Analysis: Studying Genes Expressed in Varying Situations 
 

Author: Karen Dalfrey 
Biology Instructor 
George Mason University and Osbourn Park H.S. 
 
Overview:  
 
This lab focuses on utilizing microarray results to determine which genes are expressed 
by M. tuberculosis upon exposure to an anti-tuberculosis drug isoniazid.  Obviously this 
is of concern today with healthcare providers struggling to treat TB cases that have 
become multi-drug resistant. 
 
Objectives:   
 
Learn how to analyze microarray data to determine which genes are expressed in varying 
environments. 
 
Calculate log ratios of microarray data to give more accurate computational measures of 
data. 
 
Determine which genes would be good candidates for “silencing,” and persuade your 
peers of your answer. 
 
Background:  
 
There are two basic types of microarrays:  

• one type used to hybridize DNA isolated from an organism to 
determine which genes are present in that organism 

• one type is used to hybridize cDNA (copy DNA) synthetically 
produced from mRNA of an organism to determine gene 
expression in a particular environment. 

We will be focusing on the second type of microarray (gene expression) in this particular 
activity.   
 
Scenario:  Students will play the part of a research group studying which genes might 
play some role in the bacteria Mycobacterium tuberculosis (causative agent of TB) to 
become resistant to antibiotics.  This is a very big public health concern since TB is 
easily transmitted between people through coughing, and often physicians have difficulty 
treating patients with TB because the bacteria become resistant to multiple antibiotics. 
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This activity will simulate a small section of actual microarray results which were 
reported by scientists (Li M. Fu, Tuberculosis, March 2006; 86(2): 134-143; Wilson, M. 
et al, PNAS, October 1999; 96(22): 12833-12838).  Students will be analyzing the 
microarray results of six different genes (fabD, fbpC2, kasA, accD6, fadE23, and fbpB) 
found in M. tuberculosis isolates to determine if those genes are expressed in the 
presence and absence of the anti-tuberculosis drug isoniazid. The results will be helpful 
for scientists to conclude which genes are involved in drug resistance, possibly allowing 
for researchers to “silence” these genes in the presence of isoniazid.  
 
Timeframe:  This paper lab will take one 90-minute block, including explanation and 
students generating data and conclusions. 
 
General Microarray Procedure (adapted from http://www.tigr.org): 
 

1. Create a microarray slide containing 25 to 70 bp oligonucleotide sequences 
representing each gene or cDNA in the genome of your organism being studied. 
Each slide contains thousands of microscopic spots.  Each spot has thousands of 
probes of a very specific sequence that would be complimentary to the DNA or 
mRNA of interest.  

 
2. Isolate DNA or extract mRNA from your experimental organism group and your 

control organism group for comparison. Each sample will contain thousands of 
different nucleic sequences representing all of the genes expressed in those cells. 

 
3. Prepare fluorescent labeled DNA or cDNA copies if you’re working with mRNA.  

The nucleic acid (DNA or cDNA) from your samples will be labeled with 
different fluorescent nucleotides (either green Cy3 dye; or red Cy5 dye).  Your 
nucleic acid will have to be denatured to produce single-stranded DNA prior to 
the next step. 

 
4. Hybridize the microarray slide with nucleic acid labeled with both Cy3 and Cy5.    

Your sample nucleic acid will bind to the spots that have complementary 
sequences.  Stringent conditions are used to ensure that the probe sequences are 
entirely complementary to the microarray spot sequences. 

 
5. Wash the slide to remove excess fluorescent nucleic acid not bound to spots. 
 
6. Read the microarray using an instrument that measures the fluorescence of each 

spot at two different wavelengths for green Cy3 or red Cy5.  The instrument is 
connected to a computer which integrates the data into a single image.  The color 
of the spots are as follows: 

red = bound to Cy5-labeled cDNA (what do these represent?) 
green = bound to Cy3-labeled cDNA (what do these represent?) 
yellow = bound to BOTH Cy3 and Cy5-labeled cDNA (housekeepers) 
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black = neither bound to Cy3-labeled or Cy-5 labeled cDNA 
 

7. Analyze the data to determine which genes (represented by spots on the slide) are 
expressed in each cell sample.   

 
8. The next step in functional genomics studies is study in more detail those genes 

that are differentially expressed in control vs. experimental conditions.  
 

 
Paper Microarray Lab: Student Manual 

 
You are part of a research group studying which genes might play some role in the 
bacteria Mycobacterium tuberculosis (causative agent of TB) to become resistant to 
antibiotics.  This is a very big public health concern since TB is easily transmitted 
between people through coughing, and often physicians have difficulty treating patients 
with TB because the bacteria become resistant to multiple antibiotics. 
 
In this activity you will be simulating a small section of actual microarray results that 
were reported by scientists (Li M. Fu, Tuberculosis, March 2006; 86(2): 134-143; 
Wilson, M. et al, PNAS, October 1999; 96(22): 12833-12838).  You will be analyzing the 
microarray results of six different genes (fabD, fbpC2, kasA, accD6, fadE23, and fbpB) 
found in M. tuberculosis isolates to determine if those genes are expressed in the 
presence and absence of the anti-tuberculosis drug isoniazid. Your results will be helpful 
for scientists to conclude which genes are involved in drug resistance, possibly allowing 
for researchers to “silence” these genes in the presence of isoniazid.  
 
Key:  
Green hybridizations (Cy3) represent control M. tuberculosis DNA isolates that have not 
been exposed to isoniazid.   
 
Red hybridizations (Cy5) represent M. tuberculosis DNA isolates that have been exposed 
to isoniazid. 
 
Procedure:   
 

1. Cut each of the sequences of M. tuberculosis cDNA and place them on the 
microarray probe that has a complimentary match in sequence. 

2. After matching all cDNA sequences to complimentary probes, count how many 
Cy3 (green) and how many Cy5 (red) sequences you have for each of the six 
genes.   

3. Record your results in the table below: 
 fabD fbpC2 kasA accD6 fadE23 fbpB 
Cy3 green       
Cy5 red       
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Your data above will be used to measure the relative levels of gene expression in both the 
control situation (no isoniazid) and experimental situation (with isoniazid).  By 
describing each spot on your microarray as different shades and intensities of green, red, 
and yellow, you have characterized the expression level of each gene in the control and 
experimental situations. 
 

4. Based on your values in the table above, characterize each spot on your array as 
being a specific “overall” color.  In the table below, enter your decision of dark 
green, light green, dark red, light red/pink, yellowish-green, or yellow (red + 
green = yellow). 

 fabD fbpC2 kasA accD6 fadE23 fbpB 
Color       

 
To more accurately determine your results, you need a more quantitative measure than 
phrases like “dark green.”  By determining the ratio of green (Cy3) to red (Cy5) 
fluorescence for each of the six genes, you will be able to much more accurately describe 
which genes are turned on or “upregulated” by the presence of isoniazid and which genes 
are turned off or “downregulated.”  Those genes that are “upregulated” in the presence of 
the drug are likely having some role in the development of resistance to the drug.  These 
would be good candidates for further experimentation with “gene silencing.” 

 
5. Calculate the expression ratios for each gene using the following equation:  

 
Ratio = # Red hybridizations per circle (experiment with isoniazid) 
  --------------------------------------------- 
 # Green hybridizations per circle (control without isoniazid) 

  
            Enter your expression ratios in the table below: 

 fabD fbpC2 kasA accD6 fadE23 fbpB 
Ratio       

 
6. Now calculate the natural base 2 logarithm [ln(2)] of each ratio.  To do this, enter 

the following in your calculator:  
a. # red / # green = score  
b. enter score from above (a), hit “LN” key followed by “2”, followed by 

“enter” 
 

7. Record your ln(2) values in the table below, and indicate if your gene was 
“upregulated” or “downregulated” (based on whether or not you saw an increase 
in Cy5 compared to Cy3 labeled specimens): 

 fabD fbpC2 kasA accD6 fadE23 fbpB 
Ln(2)        
Up or 
Down  
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   Analysis Questions:  
1. Which genes possibly have a role in M. tuberculosis resistance to isoniazid?   

 
 
 

2. Explain how you came to this conclusion. 
 
 
 

3. Now let’s consider the “Scientific Method” factoring into the validity of our 
results.  If you were to report these results solely with the data above, would 
other scientists find your conclusion valid?  Why or why not? 

 
 
 

4. If you were to change your microarray design to better comply with the 
“Scientific Method” standards, what components would you add? 
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   Cy3 labeled DNA sequences (COLOR THESE GREEN) 
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  Cy5 labeled DNA sequences (COLOR THESE RED) 
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Paper Microarray Lab: Teacher Key 
 
You are part of a research group studying which genes might play some role in the 
bacteria Mycobacterium tuberculosis (causative agent of TB) to become resistant to 
antibiotics.  This is a very big public health concern since TB is easily transmitted 
between people through coughing, and often physicians have difficulty treating patients 
with TB because the bacteria become resistant to multiple antibiotics. 
 
In this activity you will be simulating a small section of actual microarray results that 
were reported by scientists (Li M. Fu, Tuberculosis, March 2006; 86(2): 134-143; 
Wilson, M. et al, PNAS, October 1999; 96(22): 12833-12838).  You will be analyzing the 
microarray results of six different genes (fabD, fbpC2, kasA, accD6, fadE23, and fbpB) 
found in M. tuberculosis isolates to determine if those genes are expressed in the 
presence and absence of the anti-tuberculosis drug isoniazid. Your results will be helpful 
for scientists to conclude which genes are involved in drug resistance, possibly allowing 
for researchers to “silence” these genes in the presence of isoniazid.  
 
Key:  
Green hybridizations (Cy3) represent control M. tuberculosis DNA isolates that have not 
been exposed to isoniazid.   
 
Red hybridizations (Cy5) represent M. tuberculosis DNA isolates that have been exposed 
to isoniazid. 
 
Procedure:   
 

1. Cut each of the sequences of M. tuberculosis cDNA and place them on the 
microarray probe that has a complimentary match in sequence. 

2. After matching all cDNA sequences to complimentary probes, count how many 
Cy3 (green) and how many Cy5 (red) sequences you have for each of the six 
genes.   

3. Record your results in the table below: 
 fabD fbpC2 kasA accD6 fadE23 fbpB 
Cy3 
green 

2 2 2 3 3 7 

Cy5 red 6 6 6 5 5 1 
 

 
Your data above will be used to measure the relative levels of gene expression in both 
the control situation (no isoniazid) and experimental situation (with isoniazid).  By 
describing each spot on your microarray as different shades and intensities of green, 
red, and yellow, you have characterized the expression level of each gene in the 
control and experimental situations. 
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4. Based on your values in the table above, characterize each spot on your array as 
being a specific “overall” color.  In the table below, enter your decision of dark 
green, light green, dark red, light red/pink, yellowish-green, or yellow (red + 
green = yellow). 

 fabD fbpC2 kasA accD6 fadE23 fbpB 
Color Red Red Red light 

red 
Light 
red 

Dark 
green 

 
 
To more accurately determine your results, you need a more quantitative measure 
than phrases like “dark green.”  By determining the ratio of green (Cy3) to red (Cy5) 
fluorescence for each of the six genes, you will be able to much more accurately 
describe which genes are turned on or “upregulated” by the presence of isoniazid and 
which genes are turned off or “downregulated.”  Those genes that are “upregulated” 
in the presence of the drug are likely having some role in the development of 
resistance to the drug.  These would be good candidates for further experimentation 
with “gene silencing.” 
 
5. Calculate the expression ratios for each gene using the following equation:  

 
Ratio = # Red hybridizations per circle (experimental with isoniazid) 
  --------------------------------------------- 
 # Green hybridizations per circle (control without isoniazid) 

   
            Enter your expression ratios in the table below: 

 fabD fbpC2 kasA accD6 fadE23 fbpB 
Ratio 3 3 3 1.7 1.7 0.143 

 
Now calculate the natural base 2 logarithm [ln(2)] of each ratio.  To do this, enter 
the following in your calculator:  

c. # red / # green = score  
d. enter score from above (a), hit “LN” key followed by “2”, followed by 

“enter” 
 

Record your ln(2) values in the table below, and indicate if your gene was 
“upregulated” or “downregulated” (based on whether or not you saw an increase 
in Cy5 compared to Cy3 labeled specimens): 

 fabD fbpC2 kasA accD6 fadE23 fbpB 
Ln(2)  2.08 2.08 2.08 1.18 1.18 0.099 
Up or 
Down  

Up Up Up Up Up down 
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Analysis Questions:  
5. Which genes possibly have a role in M. tuberculosis resistance to isoniazid?   

fabD, fbpC2, kasA, accD6, fadE23 possibly play a role in resistance. 
 
 

6. Explain how you came to this conclusion. 
Each of these was upregulated upon exposure to the isoniazid. 
 

7. Now let’s consider the “Scientific Method” factoring into the validity of our 
results.  If you were to report these results solely with the data above, would 
other scientists find your conclusion valid?  Why or why not? 
No, scientists would want more probes per gene to assure that the data is 
valid.   

 
8. If you were to change your microarray design to better comply with the 

“Scientific Method” standards, what components would you add? 
At least 3 probes per gene, a positive control, a negative control, 
“mismatches” to determine background “noise” picked up by the scanner 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 154

Appendix IV. 
 
TEACHER PRE-WORKSHOP SURVEY  ID CODE:  ____________________ 

Purpose: To assess teacher willingness to incorporate change into current curricula.  This 
inventory is designed to explore methods that academics go about designing and teaching 
particular content in a specific subject or course. 

Administered To: Secondary education biology teachers who are participating in the 
professional development workshop 

Topics Covered: Background Characteristics & Activities (Teacher/Faculty): education, 
experience, certification, current practice, expertise, extracurricular involvement, 
professional development activities, class demographics, purpose for participation 

• Attitudes, Beliefs, and Perceptions (Teacher/Faculty):student capabilities, student 
performance, student understanding, teacher collaboration, individual current 
pedagogy/methods, teacher role in community 

• Instructional Practices: pedagogy  
• Lesson/Curriculum Plan: methods, objectives, integration 
• Impact on Outcome (Teacher/Faculty): instructional practices, skills,  content 

knowledge, interest and motivation, awareness 
• Instructional Preferences: mentoring/support, learning style 
• Self-Assessment (Teacher/Faculty): application of instructional methods, content 

knowledge, professional performance, understanding of instructional methods, 
interest 

• Plans & Expectations (Teacher/Faculty): workshop impact, workshop 
implementation 

Anonymity: Each survey respondent will be anonymous with regards to data reporting. 

Note- Some questions were adapted from the following sources:  

Alonzo, J., Tindal G., McCoy, J. (2005). Technical Report: Measuring Teachers’ 
Efficacy Working with Diverse Student Needs: Testing a Measurement Model (Tech. 
Rep. No. 38). Eugene, Oregon: University of Oregon, College of Education, Behavioral 
Research and Teaching, available at 
http://www.brtprojects.org/techreports/brt_techrpt038_TchrEfficacy.pdf 

OERL's instrument collection for projects funded by National Science Foundation and 
U.S. Department of Education.  Available at 
http://oerl.sri.com/instruments/instruments.html 
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Trigwell, K. & Prosser, M. (1994).  Development and Use of Approaches to Teaching 
Inventory.  Educational Psychology Development Review, 16(4), 409-424. 
 
Woolfolk, A. & Hoy, W. (1990). Prospective teachers’ sense of efficacy and beliefs about 
control. Journal of Educational Psychology, 82(1), 81-91.   
 
Demographics: education, experience, prior practice, purpose for participating 
Indicate the degrees you hold, along with the major area of study for each degree.  (Circle all that apply)  

Degree     Major Area  
Associate (A.A., A.S.) 1 __________________ 
Bachelor’s (B.A., B.S.) 2 __________________ 
2ND Bachelor’s  3 __________________ 
Master’s (M.A., M.S.) 4 __________________ 
2nd Master’s   5 __________________ 
Doctorate (Ph.D., M.D.) 6 __________________ 
Other (please specify) 7 __________________ 

 
How many years have you been teaching at the secondary level? (Circle the number of your answer) 
 1 to 5 years  1 
 6 to 10 years  2 
 11 to 15 years  3 
 16 to 20 years  4 
 21 to 25 years  5 
 26 to 30 years  6 
 31 or more years  7 
 
List courses and grade levels that you currently teach:   _____________________ 
        _____________________ 
        _____________________ 
        _____________________ 
 
What types of teaching certification do you hold? (Circle the number of your answer) 
 No certification  1 
 Provisional  2 
 Full   3 
 
Indicate your sex: (Circle the number of your answer) 
 Male   1 
 Female   2 
 
What is your age?  _______ years 
 
Which of these best describes your ethnic status? 
 White   1 
 Black   2 
 Hispanic   3 
 American Indian  4  
 Asian   5 
 
In a typical class at your school, the average size class is: ________ 
 
In a typical class at your school, the average time scheduled per week for a hands-on work is: _________ 
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Please list which professional organizations of which are you currently a member?  
  
 
During the past 12 months, what is the total amount of time you have spent on professional development 
activities? (Include workshop attendance, professional meetings, and conferences) (Circle the number of 
your answer) 
 None    1 
 Less than 6 hours   2 
 6-15 hours   3 
 16-35 hours   4 
 More than 35 hours  5 
 
During the past 12 months, were you involved in developing curriculum, syllabi, or standardized testing 
materials at any of the following levels? (Circle the number of all that apply) 
 No    1 

School or department  2 
 School district   3 
 State    4 
 National (AP)   5  
 
Generally speaking, teachers are respected in my community. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
Generally speaking, teachers’ input is seen as valuable within my school. (Circle the number of your 
answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
Generally speaking, teachers’ input is taken into consideration for development of state and school division 
content-specific standards. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I stress terminology rather than problem-solving approaches when teaching new content. (Circle the 
number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
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My current methods for teaching will adequately prepare students for more advanced level coursework. 
(Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
By teaching the current curriculum standards set by my state and county, I am adequately preparing my 
students for modern-day careers. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I provide students with opportunities to explore broader goals within my curriculum: 
 Less than 25% of the time 1 
 26% - 50% of the time 2 
 51% - 75% of the time 3 
 75%-99% of the time 4 
 100% of the time  5 
 
I provide students with multiple opportunities to practice using the main ideas of curriculum in my content 
area: 
 Less than 25% of the time 1 
 26% - 50% of the time 2 
 51% - 75% of the time 3 
 75%-99% of the time 4 
 100% of the time  5 
 
I wish my students could spend more time with hands-on practicum. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
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To what extent does each of the following interfere with your ability to incorporate new concepts and 
techniques into your classroom? 
 

 Not 
At 
All 

Very 
Little 

Some 
what 

A Good 
Amount 

Very 
Much 

Lack of department collaboration and support      
Insufficient lab preparation time      
Insufficient planning time      
Insufficient equipment and supply budget      
Insufficient time scheduled for laboratories      
Insufficient time to cover beyond state standards      
Limited self-knowledge related to curriculum      
Limited self-ability to design curriculum      
Limited student interest or ability      
Fear of losing control over class      
Fear of not having successful results      
Satisfied with current curriculum and techniques      
Limited funding      
Lack of administrative approval or support      
Other --lease list:       
Other --please list:      

 
 
To what extent do you believe each of the following has potential to improve student achievement in your 
classes? 
 

 Not 
At 
All 

Very 
Little 

Some
what 

A Good 
Amount 

Very 
Much 

Teacher professional development opportunities      
Better curriculum planning      
Improved materials selection      
Include teachers in decisions      
Mandate standardized curriculum      
Let teachers control curriculum and assessment      
More frequent hands-on laboratory investigations      
Different types of instructional practices      
Different types of assessments      
Smaller class sizes      
Better and more accessible technology      
Other-- please list:       
Other-- please list:      

 
I am typically able to answer student questions related to course content: (Circle the number of your 
answer) 
 Less than 25% of the time 1 
 26% - 50% of the time 2 
 51% - 75% of the time 3 
 75%-99% of the time 4 
 100% of the time  5 
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I generally welcome student questions. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
Overall, I am comfortable teaching the curriculum in my assigned classes. (Circle the number of your 
answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I sometimes feel that I am out of touch with what is current in my field. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
  
I use the students’ textbook as my guide when planning curricula. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 

I visit the Internet for additional information about related topics or concepts currently being taught or 
discussed in my classes: (Circle the number of your answer) 

Never   1 
Quarterly  2 
Monthly   3 
Weekly   4 
Daily   5 
 

The teachers in my department use collaborative planning for concepts being taught in similar subject 
courses:  
 Less than 25% of the time 1 
 26% - 50% of the time 2 
 51% - 75% of the time 3 
 75%-99% of the time 4 
 100% of the time  5 
 
I prefer learning about new technologies and concepts related to my field: (Arrange in order of preference: 
1 = least preferred; 5 = most preferred) 

Written materials available by mail  _____  
Web sites or web quests   _____ 
In-service programs at my school  _____  
Conference, Seminar/Workshop   _____  
College course    _____ 
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Rate how often you utilize each of the following as information sources to incorporate new content into 
your curriculum? 
 

 Not At 
All 

Very 
Little 

Some
what 

A Good 
Amount 

Very 
Much 

Television      
Daily newspaper(s)      
Weekly news magazine(s) (Newsweek, etc.)      
Popular magazine(s) (Popular Science, etc.)      
Teaching Journal(s) (Science Teacher, etc.)      
Weekly Newspaper(s) (Science News, etc.)      
Published Journal(s) (Science, Nature, etc.)      
Published Research Articles      

 
I am continuously searching for better ways to teach within my content area. (Circle the number of your 
answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
  
When a student’s grades improve in a specific subject area, it is often due to their teacher having found a 
more effective approach to teaching. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
I generally teach concepts within my content area effectively. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I am able to effectively incorporate concepts from other content areas into my curriculum. (Circle the 
number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I am generally effective in motivating students to enjoy learning: (Circle the number of your answer) 
 Less than 25% of the time 1 
 26% - 50% of the time 2 
 51% - 75% of the time 3 
 75%-99% of the time 4 
 100% of the time  5 
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The amount a student can learn is primarily related to family background. (Circle the number of your 
answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I structure my teaching to help students pass the mandated standardized tests. (Circle the number of your 
answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
 
I generally concentrate on providing students only with the information they will need to pass the formal 
assessments. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
 
I primarily use the state standards to identify what is important to teach in my classes. (Circle the number 
of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
  
My curriculum, instruction, and assessments are aligned to the national standards in my content area: 
(Circle the number of your answer) 
 Less than 25% of the time 1 
 26% - 50% of the time 2 
 51% - 75% of the time 3 
 75%-99% of the time 4 
 100% of the time  5 
 
The state standards are abreast with modern knowledge. (Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
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I consider my teaching style to be student-center as opposed to teacher-centered. (Circle the number of your 
answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I would welcome my Principal to observe my teaching style any time without advance notice. (Circle the 
number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
 
I feel it is important for me to integrate content from other areas besides my specialty into my curricula. 
(Circle the number of your answer) 
 Strongly disagree  1 
 Disagree somewhat 2 
 No opinion  3 
 Agree somewhat  4 
 Strongly Agree  5 
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Appendix V: 
Teacher Post Workshop Survey ID Code_____________________ 
 
How has participation in this workshop affected you in each of the following areas: 
 Not At 

All 
Very 
Little 

Some 
what 

A Good 
Amount 

Very 
Much 

Increased your depth of understanding about 
modern biology  

     

Increased your awareness of current research in 
biology 

     

Increased your understanding of new fields of 
study incorporated into modern biology 

     

Increased your awareness of current threat 
levels with regards to biological agents 

     

Increased your ability to understand popular and 
journal articles about modern molecular biology 

     

Increased your ability to locate sources related 
to modern molecular biology for curriculum 
design 

     

Increased your confidence to teach and discuss 
modern molecular biology topics in your classes 

     

Increased your understanding of current 
research techniques and applications in modern 
molecular biology 

     

Increase your ability to envision futuristic goals 
of current science education 

     

Increased your ability to address the main ideas 
of curriculum content across units in your 
course 

     

Enhanced your perception of the impact you 
have on the future generation of scientists 

     

Allowed for a positive change in your attitude 
towards  the impact of mandated state standards 
and assessments 

     

Increased your awareness of the necessity to 
integrate more current biotechnology 
background and skills into curriculum 

     

Increased your ability to assess whether students 
are able to find relation between units (the “big 
picture”) taught in your course 

     

Excited you about teaching new aspects of 
biology 

     

Made you more aware of science career options 
for your students 

     

Increased your ability to design curriculum 
using a variety of instructional strategies 

     

Increased your ability to design curriculum      



 164

targeting various learning levels and styles of 
students 
Increased your comfort with answering student 
questions related to modern molecular biology 

     

Other: please specify 
 

     

 
How likely are you to use what you have learned from this workshop for the following 
aspects of your teaching? 
 
 Not At 

All 
Very 
Little 

Some 
what 

A Good 
Amount 

Very 
Much 

Incorporate more Biodefense concepts in 
current biology classes 

     

Incorporate more Bioinformatics tools in 
current biology classes 

     

Present new examples drawn from this 
workshop for topics already included in 
your syllabus 

     

Present entirely new topics drawn from this 
workshop that are not yet included in your 
syllabus 

     

Modify the module course to fit your own 
teaching style and students’ needs 

     

Have students perform portions of the 
module course 

     

Have students perform the entire module 
course 

     

Increase focus on scientific skills as useful 
processes rather than definitions 

     

Allow more opportunity for students to 
explore relationships among units taught 
within course curriculum 

     

Use content standards mandated by county 
and state as more of a baseline rather than 
all inclusive outline  

     

Provide information about future career 
possibilities related to Biodefense and/or 
Bioinformatics to your students 

     

Present information about your workshop 
experience to local teachers, school 
administrators, or school board 

     

Increase collaboration with peers with 
regards to curriculum development  
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Increase participation in future professional 
development opportunities 

     

Increase utilization of constructivist 
methodology when planning and teaching 
course curriculum 

     

Allow more opportunity for students to 
experience realistic  problem solving skills 
within course curriculum  

     

Other: please specify 
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