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Belize, a sparsely populated, English-speaking nation with a high school system 

modeled after strict Caribbean standards presents a unique opportunity to investigate 

the current state of evolution instruction in the region.  Worldwide studies have shown 

that teachers’ personal views and understandings can shape their instructional 

approaches and influence the content taught in science classrooms regardless of 

predisposing science standards.  This study investigates the current level of acceptance 

and understanding of evolution as given by 97% of all high school biology teachers in 

the country using a well-supported survey instrument and a collection of local and 

regional science documents.  Overall, biology teachers had a poor understanding of 

evolution with teachers scoring between 9.5% and 80.9% (!X = 47.9%) on the 

knowledge test.  The disconcerting results span the entire teacher population 

irrespective of differences in sex, academic qualification and school location.  This study 

also looked at some of the factors associated with teachers’ acceptance of evolutionary 

theory.  A positive correlation was found between teacher acceptance and 

understanding of evolution.  In addition, both acceptance and understanding were 
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positively correlated with increasing years of teaching experience in biology.  The 

analysis of course outlines and regional examinations suggests that evolution plays a 

minimal role in science standards and standardized tests in the Caribbean.  Although 

non-significant, teacher acceptance and understanding of evolution increased with 

increasing use of the CSEC biology standards.  The overall results suggest that 

although poor science standards and inadequate levels of acceptance and 

understanding afflict Belize, there is room for improvement since a majority of the 

teacher population is conflicted about evolutionary concepts and 57% self-proclaim to 

be unprepared to teach evolution. 
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CHAPTER 1 
GENERAL INTRODUCTION 

Importance of Evolution 

Evolution is the major unifying theory in the biological sciences (American 

Association for the Advancement of Science, 2002; National Academy of Science 

1998,1999; National Association of Biology Teachers, 2000; National Science Teachers 

Association, 1997).  As one of the most significant scientific contributions of the last two 

centuries (Bybee, 2002), evolution has helped to explain fundamental features of the 

natural world, such as: “similarities among living things, diversity of life and various 

features of the physical world we inhabit” (National Academy of Sciences 1998, p.3).  

As the most contemporary problem-solving tool available to biologists (Scharmann, 

2005), the theory of evolution has the potential to explain both the unity and diversity of 

life (Kampourakis & Zogza, 2008).  In addition to explaining the natural world, evolution 

contributes to a more holistic understanding of the nature of science and the dynamic 

state of scientific knowledge (Anderson, 2007; National Academy of Sciences, 1998).  

Furthermore, this well supported theory provides the major conceptual and 

organizational idea behind diverse components in the life sciences (Bybee, 2002).  The 

famous geneticist Dobzhansky said it eloquently when he stated that “nothing in biology 

makes sense except in the light of evolution” (p. 125) - a claim widely accepted by most 

scientists today (National Academy Sciences 2008a). 

Despite being a controversial topic, the theory of evolution has survived a century 

and a half of scrutiny, ridicule and experimentation due to the incontrovertible evidence 

supporting it in nearly all aspects of life on this planet (Rutledge & Warden, 2000).  A 

deeper understanding of the theory of evolution and its relationship to our planet will be 
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indispensable as human societies strive for sustainable ways of living and interacting 

with the natural environment (National Academy of Sciences, 1998).  Facing the 

contemporary challenges that afflict our planet will require proper standards of evolution 

instruction that will provide teachers, students, and the public with the necessary tools 

to take a proactive stance.  The underlying principles of evolution provide an essential 

framework to understanding the role of human societies as individual yet cohesive units 

within a complex and ever-changing world (Brem et al., 2003).  

Although the theory of evolution is well supported and mostly non-controversial 

within the scientific community, its ideas like many others in science have yet to make 

the transition into mainstream thought (Allmon, 2006; Rutledge & Warden, 2000).  This 

disparity is largely the result of decades of ineffective communication on the part of 

researchers, educators, and the general public (Rutledge & Warden, 2000). The overlap 

between science and society further complicates the dissemination of evolution into the 

classroom, leading to less competence in discussing controversial issues (Cobern, 

1994; Hermann, 2008) since teachers are influenced by their cultures and societies 

(Hokayem and BouJaoude, 2008).  Although the theory of evolution is applicable in all 

areas of the life sciences, for example, agriculture, health care, and conservation, the 

communication of unbiased accounts of the theory at all levels of the education system 

remains a daunting task (Crawford, 2005). 

Fostering an understanding of evolution is central to improving scientific literacy 

(Cummins et al., 1994; Prinou et al., 2005).  But it is only through the integration of 

evolutionary theory into mainstream thought that we can lead to more scientifically 

literate and environmentally conscientious societies.  Scientific literacy, itself, can only 



 

14 

be enhanced if we address the most important mediators in the education system: 

teachers - the primary mediators of scientific knowledge between the scientific 

community and the general public in most developing countries.  Teachers have the 

authority to choose what is placed in the curriculum and taught in the classroom, thus 

determining the quality of science education presented to students (Abell, 2007).  Since 

teachers could very well impact the quality and nature of evolutionary content in the 

syllabus, or distort it with other theories, the possibility of teachers cheating our future 

scientists of scientifically accurate content is all too great.  For this reason, research on 

teachers' attitudes, content and pedagogical knowledge is salient in the quest towards 

curriculum reform as it pertains to evolution instruction. 

The variations among teachers' personal epistemologies and understandings of 

evolution, particularly how the theory pertains to everyday life, can have serious 

repercussions for evolution instruction (Anderson, 2007).  As evidenced by survey data 

in the United States, teachers’ views on the topic are as skeptical as those of the 

general population (Anderson, 2007; Osif, 1997; Rutledge & Warden, 2000).  

Skepticism about pivotal topics like evolution, and failure to provide a sound and holistic 

understanding of science, presents a roadblock in stimulating the intellectual growth and 

development of students.  In contrast, teachers are encouraged to familiarize 

themselves with research in the field in an effort to deepen and remain current on the 

science content so they provide students with accurate information.  As continuous 

learners, it is important that teachers build on their knowledge of factual information 

pertaining to evolution so they provide unbiased accounts of the topic.  Failure to do so 

results in limited conceptions of what it means to be a teacher (Anderson, 2007).  
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Because students’ views about the theory of evolution are so varied, the role of 

teachers in guiding their learning is challenging but necessary in order to encourage 

alternative ways of thinking about the world (Anderson, 2007; Crawford, 2005; Tobin et 

al., 1990).  The role of the teacher of evolution is therefore to provide students with 

appropriate experiences to develop conceptual maps and internalize where and how 

they personally fit into it. 

The teaching of evolution requires that its content be understood from a biological, 

intellectual, environmental, pedagogical and social context (Anderson, 2007).  From a 

biological standpoint, it has profound implications for understanding: a) the need for 

genetic variability and high biodiversity, b) the mechanisms underlying genetic 

heritability, c) the consequences of exploiting natural resources, d) the transmission and 

virility of pathogens, and e) our connection to and interdependence on all ecosystems.  

Thus, content communicated to students has profound philosophical and intellectual 

implications (Anderson, 2007), particularly when it comes to integrating the 

understanding of different fields into a common understanding of science and its 

importance to everyday life.  The benefits of teaching biological evolution could have 

profound positive effects on the understanding of social and health related problems 

such as obesity, disease, and undesirable personality traits afflicting a region (D’Adamo 

& Whitney, 1997; Hamer & Copeland, 1998).  Despite these benefits, low levels of 

evolutionary knowledge as well as inadequate pedagogical skills continue to prevent the 

topic from being further disseminated into classroom. 

Literature Review 

By revisiting the considerable amount of work focused on evolution education, this 

literature review seeks to set the stage for exploring teacher acceptance and 
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understanding of evolution.  It will first focus on the problems associated with evolution 

instruction, and later move on to address research on acceptance and understanding of 

evolutionary theory, the role of science standards and standardized tests in evolution 

instruction, common misconceptions about evolution, and evolution in the science 

curriculum.  

Limitations to Evolution Instruction 

Both scientists and major science education policy documents (American 

Association for the Advancement of Science, 1993; National Research Council, 1996) 

have endorsed evolution as a unifying theme in biology (Deniz et al., 2008).  Over the 

past three decades, the treatment of evolution in state standard documents in the 

United States has varied in quality and quantity (Lerner, 2000; Donnelly & Boone, 

2007).  Since initial reforms in the 1980s, multiple organizations [National Science 

Teachers Association (NSTA), National Research Council (NRC) and the American 

Association for the Advancement of Science (AAAS)] have developed national science 

standards that have been incorporated into state standards (Raizen, 1998).  These 

suggestions, however, oftentimes fail to make it into the classroom because of teachers’ 

personal attitudes, beliefs, and discretion (Aguillard, 1999; Shankar & Skoog, 1993). 

The limitations to teaching evolution go beyond the obvious issues with this 

controversial topic, and manifest themselves in all levels of the education process as 

either limited or inaccurate content knowledge.  Many studies have shown that 

instruction in this area has been desultory and limited by poor science standards, 

teachers’ personal religious beliefs and insufficient content knowledge (Rutledge & 

Warden, 2000; Shankar, 1990).  Teaching the subject is difficult because its 

understanding is based on concepts from various disciplines and because acceptance 
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can be influenced by personal epistemologies (Kampourakis and Zogza, 2008).  A 

serious problem arises when teachers take a one-dimensional approach to teaching 

evolution (Anderson, 2007).  When evolution is presented to students as a complex 

entity independent of other biological concepts, it prevents the intellectual 

understanding of the topic.  Furthermore, studies have shown that evolution is 

presented as a recitation of historical Darwinian facts, with little meaning or application 

to daily activities and life processes (Catley, 2006).  This highly skewed form of 

evolution education fails to acknowledge the totality of evolutionary theory (Anderson, 

2007).  

In particular, macroevolutionary concepts have typically represented a “black hole” 

in evolution instruction (Catley, 2006).  Evolution at the macro-level is poorly presented 

in many high school textbooks, (Catley & Novick, 2009). Major topics that remain largely 

unaddressed are: species, phylogenetics, and deep time (Catley, 2006).  Of these, the 

understanding of deep time (Dodick & Orion, 2003; Trend, 2001) and the interpretation 

of species have resulted in a small body of literature.  Research has been focused on 

the more popular, population-level processes like natural selection, as models to 

understand how people think about evolution (Catley, 2006).  Because evolution 

instruction is heavily weighed in favor of microevolution, teachers have a poor 

understanding of the processes that operate at the macro-level (Catley, 2006). It is 

therefore important to focus on teachers’ understanding of many challenging 

macroevolutionary concepts, including deep time, natural hierarchy, character evolution, 

extinction, and synapomorphies (Catley, 2006).  Within the classroom, the overarching 

goal should be to teach evolutionary theory using examples from both micro- and 
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macro- standpoints under the collective theme of molecular, individual, population, and 

ecological modifications (Catley & Novick, 2009). 

Acceptance and Understanding of Evolution 

While acceptance and belief are used interchangeably in the literature, belief 

implies lack of evidence in developing conclusions while acceptance of a concept 

implies that evidence has been weighed to assess its validity (Hermann, 2008). Many 

science education researchers (see Demastes et al., 1995, Lawson & Worsnop, 1992) 

use the term belief for consistency with the literature.  For the purpose of this study, I 

focus on teacher acceptance of the theory of evolution. Because some aspects of the 

theory of evolution are more accepted than others, it is important to note that non-

acceptance does not imply total rejection of evolution (Donnelly et al., 2008; Hermann, 

2005).  However, non-acceptance of the theory of evolution can seriously hinder 

classroom experiences during evolution instruction.  The acceptance of evolutionary 

theory is related to an array of complex factors.  Demastes and others (1995) posit that 

a lack of acceptance may result from: a) prior conceptions related to evolution, b) 

degree of scientific literacy and understanding, c) view of nature, d) view of the 

biological world, and e) religious orientation.  In addition, other factors are potentially 

correlated with the acceptance of evolutionary theory, including: i) reasoning level 

(Lawson & Thompson, 1988; Lawson & Weser, 1990; Lawson & Worsnop, 1992), ii) 

perceptions of the impact of evolutionary theory (Brem et al., 2003), iii) epistemological 

beliefs (Sinatra et al., 2003) and iv) thinking dispositions (Sinatra et al., 2003).  In turn, 

the quantity and quality of evolution instruction is related to the acceptance of 

evolutionary theory.  
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Teachers’ acceptance and knowledge of evolutionary theory are important 

predictors for instructional approaches to evolution (Aguillard, 1999, Rutledge and 

Mitchell, 2002; Shankar and Skoog,1993). Teachers who do not accept or understand 

evolutionary theory may actively choose not to teach its concepts, regardless of whether 

it is prescribed in the syllabus or not.  Many teachers fail to teach the theory of evolution 

because they do not accept it (Aguillard, 1999; Eve & Dunn, 1990; Shankar & Skoog, 

1993), do not thoroughly understand it (Aleixandre, 1994; Rutledge & Warden, 2000) or 

feel ill prepared to teach it (Aguillard, 1999; Griffith & Brem, 2004).  Other studies have 

ascribed a limited understanding of the nature of science (Rutledge & Warden, 2000), 

and a failure to understand the laws and protections related to the teaching of evolution 

to poor evolution instruction (Moore, 2004).  Some teachers find evolution instruction to 

be stressful and conflicting with student and community beliefs (Chuang, 2003; Griffith & 

Brem, 2004; Scharmann & Harris, 1992; Tatina, 1989; VanKoevering & Stiehl, 1989), or 

too advanced for students (Aguillard, 1999).  This list is by no means exhaustive since 

there are many interrelated factors at work when it comes to evolution instruction.  

Research on the relationship between knowledge and acceptance of evolutionary 

theory is a growing trend among science education researchers. Studies have found 

that increases in knowledge of evolution can lead to positive changes in the acceptance 

of evolution (e.g. Lawson & Wesner, 1990), including increased instruction time. 

Because concepts contained in the theory can be difficult to grasp for students of all 

levels (Brumby, 1984; Greene, 1990; Johnson & Peebles, 1987; Lawson & Thompson, 

1988; Moore et al., 2002; Woods & Scharmann, 2001), teachers’ knowledge of the 

theory of evolution can either have positive or negative impacts on student learning.  
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Thus, if our aim is to improve evolution education in schools, research on the 

importance of teacher education as well as on the interrelated factors, acceptance and 

understanding, cannot be overstated.  Such studies, however, require ethical 

considerations and must be approached with caution (Meadows et al., 2000). 

Science Standards and Standardized Tests 

Science standards can play both positive and negative roles in the classroom 

(Moore, 2002).  However, even excellent national or regional standards are not always 

reflected in the curriculum (Korte, 2003; Moore, 2002).  There are various reasons for 

the disconnect between state standards and the teaching of evolution: 1) many high 

school teachers do not accept evolution, and 2) some high school teachers who accept 

evolution are reluctant to teach a theory that may upset or clash with the views of 

students and/or their parents.  Many teachers view the theory’s potential for controversy 

as too costly in terms of classroom time, and therefore opt to leave evolution out of the 

curriculum (Dean, 2005).  Furthermore, those topics not included in standardized tests 

are given least priority in the classroom, defeating the purpose of having national or 

regional science standards. 

The use of standardized tests can have several negative impacts on science 

education.  Some teachers view standards as creating overcrowded and disconnected 

curricula that cannot be successfully covered in detail (Settlage & Meadows, 2002; 

Wood, 1988).  Most standardized tests are designed to test what students know rather 

than how and why they construct such knowledge.  One of the major drawbacks to 

these tests for both teachers and students is the lack of theoretical perspectives on how 

scientific knowledge is developed, tested, and applied for purposes beyond the 

standardized test.  But, although there are numerous negative attributes associated with 
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science standards, there is evidence that good science standards can foster reform in 

the teaching of evolution (Donnelly & Boone, 2007; Skoog & Bilica, 2002).  Thus, 

teachers need to do more than develop curriculum materials and instructional 

approaches whose goal is to inform.  Teachers must bridge the gap between 

evolutionary content, the nature of science and the natural world in a way that is 

intellectually stimulating.  

Misconceptions 

Studies have shown that even though a majority of teachers show significant 

decreases in misconceptions about evolution and natural selection after being properly 

educated on the subject, there is still little improvement with respect to their internal 

epistemologies about science and evolutionary concepts (Nehm & Schonfeld, 2007).  

Teachers come to class bearing similar misconceptions as those held by the general 

public.  This inherently contributes to the low levels of evolutionary knowledge and the 

high levels of evolutionary misconceptions held by high school biology students 

(Demastes et al., 1995).  This alarming trend supports the need to address the 

loopholes associated with teacher content knowledge about evolutionary theory and 

their understanding of the development of theories and the nature of science.  One of 

the most common misconceptions in evolution is the Lamarckian concept of heredity 

(Demastes et al., 1995; Jensen & Finley, 1996; Smith et al. 1995; Zuzovsky, 1994).  To 

make matters worse, there is confusion over the definition of a “theory”.  While in 

vernacular English a theory refers to a “mere guess or opinion”, in science it is 

understood as a scientifically valid explanation based on rigorous experimentation yet 

open for changes in light of new evidence. It is of interest to evaluate whether these 
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misconceptions and others hold true in regions outside the United States, with varying 

cultures and education systems. 

Evolution in the Science Curriculum 

The controversy surrounding evolution instruction is viewed as predominantly an 

American phenomenon (Downie & Barron, 2000) mainly due to pervasive fundamental 

religious beliefs, the politicization of science and poor understanding of genetics, among 

other factors (Miller et al., 2006).  A significant percentage of high school biology 

teachers in the United States are skeptical that evolution is central to the understanding 

of biology (Osif, 1997; Rutledge & Warden, 2000; Tatina,1989; Weld & McNew,1999; 

Zimmerman, 1987).  Studies have shown that most American high school biology 

teachers either allocate very little time to evolution or omit evolution from the curriculum 

(Moore, 2002; Rutledge & Warden, 2000; Weld & McNew, 1999).  In Louisiana and 

Texas, 60% and 55% of biology teachers, respectively, spend less than five 

instructional days on evolution (Aguillard, 1999; Shankar & Skoog, 1993).  South 

Dakota teachers spend an average of 5.3 days on evolution (Tatina, 1989).  During 

these times, evolution is only “briefly mentioned” or even avoided when possible.  After 

countless courses in biological science, some teachers still disagree that evolution is 

central to biology (Osif, 1997), indicating that teachers are not treating evolution as an 

organizing principle in their classes (Donnelly & Boone, 2006). 

 In the United States, the treatment of evolution varies from state to state, with 

close to 40% of them being identified as having unsatisfactory science standards 

(Lerner, 2000).  Lerner (2000) found that Ohio’s state standards were “useless or 

absent” and thus assigned them a grade of F.  On the other hand, Indiana’s standards 

pertaining to the theory of evolution were “exemplary, and straightforward” (p. 14) and 
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therefore were assigned a grade of A.  Interestingly, however, a survey of high school 

students by Bandoli (2008) found that the coverage of evolution in public high schools in 

Indiana and Ohio was not influenced by state standards.  In both states it appears that 

the modal time devoted to evolution was less than a week.  In addition, 30% of the 

students suggested that evolution was not mentioned or was mentioned but not covered 

in their biology class.  These results are consistent with the results of a 1995 survey of 

552 Indiana high school biology teachers that found that 33% spent fewer than three 

days on evolution and 43% avoided or only briefly mentioned the topic (Rutledge & 

Mitchell, 2002).  Alarmingly, since Lerner’s (2000) study, the number of states receiving 

A's or B's has declined over the years. Gross (2005), identified only 20 states as A's or 

B's pertaining to the treatment of evolution in their standards; 23 received either a D or 

an F.  This de-emphasis on evolutionary instruction in state mandated curriculum shows 

that there is a great need for reform in state standards regarding science education.  

Unlike the United States, most countries do not experience a public backlash 

regarding the teaching of evolution (Hermann, 2008).  However, the few studies that 

have addressed the theory of evolution in countries other than the United States have 

traditionally been limited to pubic opinion and are only now beginning to investigate 

teachers' epistemological beliefs on the topic and factors that contribute to both 

acceptance and understanding (See Deniz et al., 2008; Hammeed, 2008; Lee & Yeoh, 

1998).  Miller and others (2006) found that European countries including Iceland, 

Denmark, Sweden, France as well as Asian countries like Japan, have much higher 

acceptance of the theory of evolution than do countries like Cyprus, United States and 

Turkey.  Specifically, Deniz and others (2008) explored factors related to the 
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acceptance of evolutionary theory among Turkish pre-service teachers and found that 

teachers’ thinking dispositions (degree of open-mindedness and reflective thinking), 

understanding of evolutionary theory, and their parents’ educational level are all 

positively correlated to their acceptance of evolutionary theory.  However, these three 

factors account for only 10.5% of the variance in acceptance of evolutionary theory, 

leaving a majority of the variance unexplained.  In addition, a substantial number of the 

participants did not endorse evolution as a scientifically valid theory.  Although there 

was a positive correlation between intelligibility (understanding of evolution) and 

plausibility (acceptance of evolution) (r=0.20, p <0.05), the intelligibility alone only 

explained 3.3% of the variance in plausibility.  In a similar study, Lee and Yeoh (1998) 

assessed senior and junior high school teachers’ knowledge about the theory of 

evolution in Singapore and found that both groups of teachers had inadequate 

knowledge levels, with senior high teachers having a significantly better grasp of the 

content.  

Although research pertaining to evolution acceptance and evolution instruction has 

been conducted in several countries, the scarcity of published work indicates that there 

is need for more research that looks specifically into teachers’ acceptance and 

understanding of the theory of evolution. 

Rationale for Study 

Why High School Teachers? 

Research that focuses on teachers’ acceptance of evolution and their state of 

knowledge is of relevance because teachers have a profound influence on the 

educational setting and on the quality of knowledge transmitted to students and diffused 

into communities.  Prior to making recommendations on how to address the theory of 
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evolution, it is important to evaluate teacher views on the topic, as well as their teaching 

confidence.  The personal ambiguities of teacher understanding are valuable starting 

points for implementing professional development programs to minimize significant 

roadblocks in the advancement of student learning (Anderson, 2007).  

As mediators of canonical knowledge, teachers have the authority over what and 

how topics are presented in the classroom.  It is therefore expected that teachers have 

a sound grasp of the nature of science and that they are capable of making 

professionally responsible instructional and curricular decisions (Carlesen, 1991; 

Rutledge & Warden, 2000).  After all, the teaching of evolution depends on the 

individual classroom biology teacher and the attitudes that guide personal decision 

making (Goldston & Kyzer, 2009).  Teachers’ personal and professional attitudes 

toward selected topics can be transferred to students who will someday be teachers as 

well.  According to Bransford and others (2000), students learn best when presented 

with factual knowledge and a conceptual framework that guides their organization of 

knowledge.  Fostering such learning process is extremely important, particularly in 

regions where 1) teachers serve as the primary mediators of scientific knowledge, and 

2) students are drafted in or out of science during early high school years.  Failure to 

introduce students to the theory during those critical high school years can present 

serious problems because not all students go to college or take introductory biology 

courses.  And even if they do take these classes, not all introductory courses teach 

evolution. 

Setting the Stage for New Research 

Research indicates that evolution instruction has been popularized and limited to 

the United States (Downie and Barron, 2000) and as such, little is known about its 



 

26 

status around the world.  From previous studies spanning decades, it is clear that even 

with the level of attention placed on evolution standards in the United States, the 

country is still plagued by low levels of acceptance and understanding (Lerner, 2000; 

Miller et al., 2006).  Researchers, however, are now turning their attention to Africa, 

Asia, Central America and the Caribbean in an effort to contribute to the worldwide 

discussion on evolution education.  Specifically, the current literature presents a paucity 

of research on teachers' acceptance and understanding of evolution in the regions of 

Central America and the Caribbean.  This study marks the beginning of research 

pertaining to evolution education in the region.  I, as a Caribbean national with extensive 

teaching experience and interest in science education, am suited to investigate the state 

of evolution instruction in the region.  Studies like this are crucial in the quest to improve 

science standards and could eventually serve to expand scientific literacy, leading to a 

more knowledgeable citizenry capable of making educated decisions regarding the 

environment, health care, sustainability, and conservation.  

Contextual Background on Study 

Belize-a link between Central America and the Caribbean 

A nation yet to be targeted by studies assessing teachers' acceptance and 

understanding of evolutionary theory is Belize, a sparsely populated Central American 

country located south of Mexico and east of Guatemala (See Fig. 1-1).  Belize is a small 

democratic country nestled in the heart of Central America.  With a population of about 

270,000 people spread over 8,867 sq miles (22,960 sq km), Belize has the lowest 

population density in Central America and possibly one of the lowest in the world 

(www.pact.org).  It is also one of the most ethnically diverse nations on the planet, with 

a colorful mix of cultures that include the Garifuna (descendants of African slaves), the 
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Mestizo (mixtures of Mayans and Europeans), the Creole (mixtures of African slaves 

and Europeans), and the Maya (Ketchi, Yucatec and Mopan) as well as the Mennonite, 

Hindi, Taiwanese, Chinese and Caucasians.  Though Belize is the only country in 

Central America whose official language is English, its large Spanish and Mayan 

populations facilitate interactions with Central and Latin America.  On the other hand, its 

citizens of African decent help the country to maintain strong ties with the Caribbean.  

 Belize boasts an impressive array of faunal species for a country of its size, 

including over 500 species of birds and 124 species of mammals Ninety-three percent 

of Belize’s land is under forest cover with 42% of that land (2.6 million acres) being 

under some form of legal protected status (wwww.pact.org).  These 2.6 million acres 

are subdivided into 92 protected areas, including the only jaguar preserve on the planet 

and the world renowned Belize Barrier-Reef System, a UNESCO World Heritage Site 

that serves as an important habitat for a host of threatened species.  In spite of this 

progress, deforestation, pollution, and development continue to threaten the livelihood 

of these fragile ecosystems.   

Education System in Belize 

In Belize, the 4 years of high school is guided by Caribbean science standards 

designed by the Caribbean Examination Council (CXC).  Every five years, the Ministry 

of Education receives a revised syllabus from the CXC that prescribes the content for all 

subjects, including biology.  Although all public schools ascribe to the syllabus, private 

schools can opt not to.  Eight years of education is compulsory for all Belizean citizens. 

However, only 84.7% of students make the transition from elementary school to high 

school (Yvonne Flowers, Statistician, Policy and Planning Unit, Ministry of Education, 

Belize, Personal Communication, November 03, 2009).  There are no records of what 
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proportion of these students enroll into college.  Higher education in Belize was unified 

under the University of Belize in 2000. Today, there are four community colleges and a 

single university in the country.  

In Belize, the dichotomy between business studies and the academic sciences in 

the education system places pressure on students to choose between them as early as 

the 11th grade.  In addition, students typically declare a college major prior to exiting the 

12th grade.  As a result, students’ views of science are fixed early in high school 

because most students do not take science classes past 12th grade nor pursue careers 

in science.  Such education systems can present serious drawbacks to scientific 

literacy.  

Educating teachers is a step towards presenting reliable accounts of evolution in 

the classroom and establishing the theory into mainstream thought.  Studies focusing 

on educators are feasible in Belize partly due to its manageable number of high schools 

and biology teachers.  Of the 48 high schools in Belize, only 43 teach biology at the 

11th and 12th grade levels, and of these, 37 teach biology based on the standardized 

syllabus issued by the CXC. Of these, 13 are public schools, 24 are public schools with 

religious affiliations and 6 are private schools (Figure 1-2; High School Principals, 

Personal Communication, February 2008, 2009).  Sixteen Caribbean nations, including 

Belize, administer the Caribbean Secondary Examination Certificate (CSEC) in Biology, 

a standardized test used to compare their performance throughout the Caribbean.  

Although teachers prepare students in 11th and 12th grade, students do not sit for the 

exam until the end of 12th grade.  According to the only CSEC biology resource official 

in Belize, CXC has not made radical changes to their biology content in decades.  The 
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2004 revised syllabus, which has served as the 2004-2009 teaching guide for all 

participating high schools in Belize, is comprised almost entirely of outdated content.  

The most recent CXC biology syllabus (2004) is divided into five sections lettered A 

through E: A) Living organisms and the environment; B) Life processes; C) Continuity 

and variation; D) Disease and its impact on humans; and E) Environment and human 

activities.  Of the five sections, only section C briefly introduces the theory of evolution.  

Although one of the main objectives of this section is to have students “demonstrate an 

understanding of the importance of genetic variation in species and how these traits can 

be altered”, there is little mention of natural selection, mutation, migration or 

conservation in the section. 

Biology Education Program 

In Belize, the biology education program is a 4-year college degree that prepares 

future biology teachers for the classroom.  The curriculum focuses on both content and 

pedagogy with lectures being coupled with traditional laboratory classes and a field 

component at the end of the program.  Teachers take General Biology, Human 

Anatomy and Physiology (I & II), General Chemistry (I & II), Algebra, Teaching Methods, 

Class Assessment, and Intro to Special Ed, in addition to other prerequisites during the 

first two years of the program (4 semesters).  Biochemistry, Invertebrate History, 

Microbiology, Lower Plants, Teaching Strategies for Special Needs, Introduction to 

Curriculum, Philosophy of Education, Instructional Technology, Guidance Counseling, 

Instructional Techniques and Adolescent Psychology are courses offered in the V and 

VI semesters.  The final two semesters include Higher Plants, Molecular Biology, 

Science Methods, Measurement and Evaluation, Professionalism in Education, Content 

Area Reading, Field Experience, Ecology and Evolution and possible elective courses.  
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As stated in the University of Belize catalog, the course entitled “Ecology and Evolution” 

is described as:  

An introduction to evolutionary biological analysis. Topics include: 
ecosystems; introduction to evolution; adaptation; spatial and temporal 
distribution; life histories; sex and evolution; population dynamics; inter-
specific associations; community ecology; speciation, adaptive radiation; 
co-evolution. A two-to-three day field trip to one of the national protected 
areas is included for studying conservation. 

Even though a bachelor’s degree in Biology Education is likely to guarantee a job 

as a high school biology teacher in Belize, an associate’s or bachelor’s degree in 

Biology or related science is often acceptable for the teaching position (personal 

observation).  This is particularly true in the rural areas of the country.  As a result, 

biology teachers in Belize may be underprepared to teach complicated units such as the 

theory of evolution. 

Research Questions and Hypotheses 

Research Questions 

This study seeks to investigate the current state of evolution instruction in the 

Caribbean with Belize as the study site.  Specifically, it includes an evaluation of  

biology teachers’ acceptance and understanding of evolution, the position of evolution in 

the local, and regional science standards and to a lesser extent, seeks to uncover 

possible misconceptions and limitations to the teaching of evolution in the region. This 

research is guided by the following four questions: 

1. What is the current state of acceptance of evolutionary theory among high school 
biology teachers in Belize? 

2. What is the current understanding of evolutionary theory among high school biology 
teachers in Belize? 

3. What factors contribute to the overall acceptance and understanding of evolutionary 
theory among high school biology teachers in Belize? 
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4. How much emphasis is placed on evolutionary content at the local, and regional 
science levels, as evidenced in the science standards? 

Hypotheses 

1. High school biology teachers in Belize have low levels of acceptance and 
understanding of evolution.  

2. Teachers with higher levels of teacher academic preparation are more accepting 
and have a better understanding of the theory of evolution compared to teachers 
with low levels of academic preparation. Teachers from large, urban, public schools 
have higher levels of acceptance than teachers from small, rural, private schools.  

3. Teacher acceptance of evolution is correlated with teacher understanding of 
evolution, education level and increase in teaching experience. 

4. Evolution plays a minor role in the regional science standards and standardized 
tests in the Caribbean. 
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Figure 1-1. Map of Belize depicting its location in Central America and the Caribbean. 
The number of teachers from rural and urban high schools in each of the six 
districts in Belize is indicated. 



 

33 

 

Figure 1-2.  Demographics of the 43 high schools Belize that teach 11th and 12th grade 
Biology. 
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CHAPTER 2 
RESEARCH METHODS 

Data Collection 

To answer the research questions delineated in this study, a survey employing 

both supplied-response and open-ended questions was modified from existing 

instruments used to assess acceptance and knowledge of evolutionary theory.  The 

survey instrument was subdivided into four distinct sections.  Section I, comprised of 

four questions that seek to elicit teacher biographical information such as type of degree 

and years of teaching experience.  Section II was comprised of the Measure of 

Acceptance of the Theory of Evolution (MATE) instrument, a 20-item Likert scale 

developed by Rutledge & Warden, (1999).  They reported that the content-validity of the 

instrument was established by a committee of five university professors who have 

expertise in the fields of evolutionary biology, science education, and the philosophy of 

science who were asked to rate each item on a scale of 1 to 5, and consequently, no 

item with a rating of less than 3.5 was included in the scale.  In addition, Chronbach’s 

alpha was 0.98 indicating high reliability.  Although the instrument was designed to 

assess the degree to which American biology high school teachers accept evolution, the 

questions are of general nature and can be used in other countries provided that 

experts in those countries assess face and content validity.  The 20 items addressed 

concepts such as scientific validity of evolutionary theory, creationism, the evolution of 

man, the acceptance of evolutionary theory among the scientific community, and the 

age of the Earth.  For this section, the answers ranged from A-E, with A indicating 

'strongly disagree' and E indicating 'strongly agree'.  To assess teacher understanding 

of evolutionary content, an existing 21-item scale from Rutledge & Warden (2000) was 
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used in Section III. The original scale was developed by Johnson (1985). These items 

addressed concepts of natural selection, extinction processes, intermediate forms, 

genetic variability, environmental change, and the fossil record. Scores were 

determined based on the number of correct responses. Section IV included 6 supplied-

response and open-ended questions regarding biology textbooks, and teacher 

confidence levels for teaching evolution. This scale was modified from Moore & 

Kraemer, (2005), Tatina, (1989), and Zimmerman (1987). 

The instruments used to assess acceptance and understanding of evolution in 

Sections II and III were selected because they had established content and construct 

validity as well as reliability. The instruments have also been used in similar studies 

worldwide (see Deniz et al, 2008, Hokayem & BouJaoude 2008; Korte, 2003).  In 

addition to the pre-approved validity tests, Dr. Colette St. Mary, an evolution expert at 

the University of Florida assessed each item for both content and face validity purposes.  

Because sections of the instrument were originally designed to assess acceptance and 

understanding of evolutionary content by American high school teachers, the instrument 

was submitted to a science educator at the University of Belize to ensure the items were 

written and structured in a way that was suitable for the local population of teachers.  

Prior to implementing the surveys, a pilot study involving high school science teachers 

in Belize was conducted to assess the clarity of each item as well as the international 

reliability of the instrument.   

 In addition to implementing the surveys, 11th and 12th grade biology course 

outlines (syllabi) were collected from participating schools (only 31% of participating 

schools provided these documents) to quantify the amount of evolutionary content 
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present in each.  Past CSEC biology syllabi (science standards) and examinations from 

2000-2007 were also collected from the Ministry of Education to investigate the quantity 

and quality of evolutionary content tested over the last decade.  The 2008 report on 

student performance in the 2008 Biology CSEC examination was also scrutinized.  

The Sample and Survey Protocol 

This study targeted 11th and 12th grade biology teachers from public and private 

schools across Belize. A total of 61 high school biology teachers have been reported in 

the country (personal observation). Due to this small population, all teachers were 

asked to participate in the study.  

Official letters announcing the study were sent by both email and regular mail to 

each of the participating high schools in Belize.  Included in this letter were both 

principal and biology teacher consent forms indicating the study's objectives, 

procedures, potential risks and anticipated benefits, in addition to a statement providing 

the opportunity to withdraw from the study at any time (See Appendix C & D).  All official 

documents, including consent forms and survey instruments were written in English, 

given its status as the official language and the only language used for instruction in 

high schools.  Once all institutions received this notification, principals were contacted 

via phone to confirm their willingness to participate in the study.  Meetings with 

principals and teachers as well as the implementation of surveys were done in person 

by the author.  Only schools whose principals agreed to participate in the study were 

visited. Upon arrival at the school, but prior to interacting with teachers, the researcher 

met with the respective principal to obtain a copy of the signed “Principal Consent 

Form”.  Once this was successfully accomplished, biology teachers of participating high 

schools were briefed on the project and asked to read and sign the “Teacher Consent 
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Form” if they agreed to participate in the study.  Surveys were conducted at the 

teacher’s discretion, either during free class periods or at the end of the school day so 

as not to disrupt regular class time.  Teacher(s) were directed to unoccupied 

classrooms and asked to complete the survey as honestly as possible.  Teachers were 

then provided with a copy of the survey, and a “privacy envelope” to place their 

completed surveys (these were not opened until the data compilation phase).  Teachers 

were given specific instructions on how to complete the surveys in addition to being 

briefed on the anonymity of the study, the importance of an honest response, and their 

ability to withdraw from the study at any particular time as indicated by UF IRB 

regulations (Appendix B).  The researcher then left the room but remained nearby to 

answer structural questions.  Following the completion of the surveys, teachers were 

asked to submit their sealed envelopes.  Once the survey(s) was submitted, the 

researcher was available for questions and feedback on the study.  

Delimitations 

1. The population chosen for the study was current 11th and 12th grade biology 
teachers. Thus, additional teachers who had training in biology but were not 
teaching the course during the academic year of 2008-2009 were not included in this 
study. 

2. This study focused on teachers in Belize and may not be comparable to situations 
outside the Caribbean. However, because the survey instrument has not been 
modified from its original version, the results can be compared to studies similar 
studies in the United States, and elsewhere. 

3. Only schools that teach biology were targeted for this study. Schools with 11th and 
12th grade science teachers but no 11th and 12th grade biology courses/teachers 
were removed from the sampling group since the comparative science standards for 
this study came from the CSEC biology syllabus. 

Limitations  

1. A response effect is the predisposition of a respondent to provide responses that are 
socially or professionally acceptable rather than expressing his/her true feelings on a 
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topic. In order to minimize the response effect in this study, the interviewer was 
careful not to talk down to the respondent or imply that there are preferable 
responses. In addition, surveys were short and easy to read, to prevent respondents 
from becoming bored or fatigued. Moreover, subjects were briefed on the 
importance of an honest response. Most of what we know about what is taught in 
high school biology classes comes from teachers’ self reports (e.g. Moore 2005; 
Trani, 2004). 

2. Because the sample size for this study was small and the fit statistics for the Rasch 
Analysis are sensitive to small sample sizes (i.e., n < 200 for our instrument), there 
is potential for misrepresentation of the MNSQ values.  

Data Analysis 

Analysis of MATE Likert Scale 

The Likert scale from the MATE component of the survey (Section II) was scored 1 

through 5, with 5 points indicating strongly agree, 4 agree, 3 undecided, 2 disagree, and 

1 strongly disagree.  Answers with the highest level of acceptance for the theory of 

evolution received a score of 5 on the scale. Because item numbers 2, 4, 6, 7, 9, 10, 14, 

15, 17 and 19 were stated negatively, the scores for these questions were converted. 

For example a score of 5, which indicated a response of strongly agree for a negatively 

stated item was given a score of 1, which correctly identified a low level of acceptance.  

Thus the sum of the 20 items on the MATE for each respondent was restricted to the 

range of 20 to100 points.  Based on these scores, respondents were split into two 

categories: an acceptance and a rejection group.  Respondents with sums that were 

greater than 70 were placed in the acceptance group, while respondents with sums less 

than 70 were placed in the rejection group (Korte, 2003).  Scores that were close to the 

cutoff mark were scrutinized.  The scores for the MATE portion of the instrument were 

used to find the mean acceptance levels of each group.  The scaled responses were 

also ranked per group to determine which items scored the highest for each group and 

which scored the lowest.  To determine if the differences in average scores between the 
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groups was significant, median ranks were tested using a nonparametric Mann-Whitney 

Test. A Kruskall Wallis Test was used to compare differences among the acceptance, 

rejection and the entire group of respondents.  Differences in MATE scores among 

sexes, levels of academic preparation and variations in teaching experience were 

analyzed using the appropriate parametric and non-parametric tests (t-tests, one-way 

ANOVAs, Mann-Whitney, and Kruskall Wallis; data were Bonferroni-adjusted for 

multiple comparisons). 

Rasch Analysis of MATE Likert scale 

MINSTEPS version 3.68.2 was used to apply the Rasch Model to analyze the 

Likert scale data from the MATE instrument in Section II.  This model is suitable for 

analyzing Likert scales and performance tests because it does not require assumptions 

about the sampling or normal distributions.  The model creates measures that can be 

utilized in parametric tests by turning nonlinear, ordinal rating scales (Likert data) into 

linear intervals where the difference between two values is actually meaningful (Wright 

& Masters, 1982; Donnelly & Boone, 2007).  By using mathematical formulas, the model 

calculates the probability that a person will get an item correct, as well as the probability 

that a question will be answered correctly.  The resulting interval scores for both the 

difficulty of items and the ability of the respondents are presented in logit units typically 

reported on vertical rulers.  The “ability” score is a perceived ability that is rescaled by 

the Rasch model to indicate teacher acceptance of evolutionary theory.  The higher he 

ability score, the higher the teacher acceptance of evolution.  Similarly, the higher the 

logit score for the item, the more difficult the item was for the respondents.  Thus 

“difficult items” indicate items teachers disagree with while “easy items” indicate items 

that teachers are more accepting of.  Fit statistics can be used to determine if the 
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probabilities of the data fit the expectations of the mathematic model.  Typically, if the 

mean square (MNSQ) fit statistics exceed 1.5 the data is viewed as being questionable.  

The Rasch model also provides many tools to assess validity and reliability 

(Donnelly & Boone, 2007).  For the purpose of this study the Rasch model, or one-

parameter item-response theory (IRT) model, was used to verify that the items of the 

MATE contributed to a single factor and are sufficiently spread along this factor to 

determine recognizable acceptance levels of evolution.  It can also help to evaluate 

whether the MATE instrument separates teachers into acceptance and rejection groups.  

Also, it has the ability to contrast item difficulties to see topics in evolutionary biology 

that are more widely accepted as well as those that are not.  This has the potential to 

help create a “misconception profile” comprised of poorly understood or unaccepted 

items that can be tackled in future teacher professional development workshops. 

Analysis of Knowledge/Understanding Scale 

 Each respondent was also given a score for Section III comprised of 21 multiple-

choice questions used to assess understanding of the theory of evolution.  Since there 

were 21 questions in this section, scores were calculated by computing the percentage 

of items that were answered correctly for each respondent.  For this section, the sample 

size of the population was decreased from 59 to 55 because one teacher refused to 

answer the section while three other teachers only completed the first few questions in 

the section. 

Document Analysis 

In addition to implementing the surveys, official document records were collected 

and analyzed to quantify the presence or absence of evolution.  The 2004 CSEC 

biology syllabus was analyzed for objectives, and units pertaining to the theory of 
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evolution.  In addition, 11th and 12th grade biology course outlines were collected from 

participating schools (only 31% were submitted) to quantify the amount of evolutionary 

content present in each.  Past CSEC biology syllabi (science standards) and 

examinations from 2000-2007 were also collected from the Ministry of Education to 

investigate the quantity and quality of evolutionary content tested over the last decade.  

Both the local course outlines and regional syllabus were analyzed for objectives and 

units pertaining to the theory of evolution.  The CXC report on student performance in 

the 2008 Biology CSEC examination was used to investigate which test questions and 

corresponding content areas prove difficult for students.  Lastly, teacher responses to 

section IV of the survey instrument, which comprised of open-ended questions were 

coded and analyzed.  The comments and concerns expressed by teachers upon 

completion of the survey were also used to interpret the state of evolution instruction in 

Belize.  
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CHAPTER 3 
RESULTS AND DISCUSSION 

Final Sample Size 

All 43 high schools in Belize that teach 11th and 12th grade biology participated in 

the study.  However, due to conflicting schedules, only 59 of the 61 biology teachers 

from these schools were able to complete the survey.  This represents a success rate of 

97%.  All 59-study participants completed Section II (MATE) of the survey.  However, 

only 55 completed section III used to assess knowledge of the theory of evolution.  Only 

data from the 55 completed surveys were used in the analysis of interrelated factors 

between sections II and III.  Because this study reflects almost a 100% of the biology 

teachers in the country, the results should generalize to the target region.  By 

implementing the instrument in person, I was able to obtain a qualitative look at the 

state of evolution instruction in Belize. 

The results indicate that 55.9% of the respondents were females, 78% of 

respondents were between the ages of 21-39, while 71.9% were from urban schools 

compared to rural schools. 79.7% of the respondents had at least a bachelor’s degree, 

while 5% of the respondents only had a high school diploma.  Teachers’ areas of 

specialization included biology, biology education, pre-med, chemistry, aquaculture 

engineering, zoology and natural resource management.  There seems to be a high 

turnover rate at the high school level in Belize because over 70% of the respondents 

have ten years or less of teaching experience and 66.1% of the respondents have 

taught biology for less than five years.  See Table 3-1. for more detailed demographic 

data on the respondents. 
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Biology Teachers’ Acceptance of the Theory of Evolution 

Classical Analysis of MATE Instrument 

The first research question investigated the current level of acceptance of 

evolutionary theory among high school biology teachers in Belize.  Of the fifty-nine 

teachers, thirty scored less than 70 points on the acceptance scale.  The results 

indicate that for the MATE portion of survey, the averaged total score of the 

respondents was 64.4 out of 100 points (N = 59, SD = ± 18.3).  This is an average of 

3.2 for each individual item on the MATE, which falls between undecided and agree on 

the Likert scale (See Table 2-2 for group means and item means).  The results indicate 

that the average total for the acceptance group was 80.2 (N = 29, SD ± 7.9), which 

corresponds to an average score of 4.0.  This group’s average was representative of 

“Agree” on the Likert scale. The rejection group scored an average of 51.0 (N = 30, SD 

± 11.8), which corresponds to an average score of 2.6 per item.  This item falls between 

disagree and undecided but leans more towards undecided.  The data indicate 

significant differences between the average of scores of the entire group of 

respondents, the Acceptance Group, and the Rejection group (K= 40.85, p < 0.001; See 

Figure 3-1).  In general, a majority of the teachers have low levels of acceptance.  

These results are disheartening because non-acceptance has been linked to poor 

quality of instruction or even omission of topics from the curriculum. 

The questions that received the lowest levels of acceptance from the respondent 

population as a whole were question 6 (M = 2.9, SD ± 1.6) that dealt with the ambiguity 

of the data supporting evolution, question 15 (M = 2.9, SD ± 1.5) that dealt with human 

evolution, question 3 (M = 2.9, SD ± 1.5) which also dealt with human evolution, and 

question 2 (M = 3.0, SD ± 1.3) that dealt with whether evolution was testable (See Table 
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3-2).  The lowest scores for the acceptance group were received by question 6 (M = 3.5, 

SD ± 1.0), question 11 (M = 3.6, SD ± 1.0) that dealt with the age of the earth, and 

question 2 (M = 3.6, SD ± 1.2).  The lowest scores for the rejection group were question 

3 (M = 1.8, SD ± 1.5), and question 15 (M =1.9, SD ± 1.2).  These values all fall 

between disagree and strongly disagree.  Also, question 10 (M = 2.1, SD ± 0.9) that 

dealt with the scientific validity of evolution and question 14 (M = 2.1, SD ± 1.3) that 

dealt with evolution and the biblical account of creation scored values that indicate 

disagreement.  The results suggest that teachers are not convinced about the testability 

of the theory, and are unfamiliar with the vast amounts of data from all fields of science 

that are in support of the theory.  Teachers are also in disagreement with human 

evolution and are undecided about the age of the earth.  According to self-reports, the 

primary cause of rejection is that evolution goes against the story of creation.  

There are no significant differences between the acceptance levels of rural and 

urban schoolteachers, males and females, or among groups with differing levels of 

academic preparation (e.g., A.A. B.A, M.S). This signifies that non-acceptance was 

spread throughout the country regardless of location or level of education.  There is, 

however, a significant difference in acceptance levels with increasing years of teaching 

experience in biology (K = 13.4, p < 0.01).  Teachers who have taught biology for over 

ten years have significantly higher levels of acceptance of the theory of evolution than 

those who are new in the field.  Of the fifty-nine teachers in this study, 68% report that 

they do teach the theory of evolution, although there is much variation in the quality and 

quantity of instruction.  Some teachers only introduce the topic in one class, while 

others teach it as a unit and still a few others claim to teach evolution as an overarching 
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theme in biology.  Contrary to expectation, there is no significant difference between the 

acceptance levels of those that do claim to teach the theory of evolution and those that 

omit the theory from their curriculum.  This is a troublesome finding because when 

teachers that do teach the concept have similar acceptance levels as those that reject 

the topic, the quality of evolution instruction is questionable, desultory and oftentimes 

presented to students as a controversial viewpoint that lacks scientific rigor.  On a more 

positive note, there is a significant difference between the acceptance scores of those 

that feel prepared to teach the theory of evolution and those that feel unprepared (t = 

2.25, p = 0.03).  Thus, teacher confidence in teaching evolution can serve as an 

important predictor of acceptance of the theory of evolution.  In this regard, teachers’ 

confidence levels can be targeted there is hope of increasing teachers’ affinity towards 

evolution. 

Rasch Analysis of MATE Instrument 

The range of logits for the high school biology teachers was from 4.98 to -2.05. 

Item logits ranged from 0.39 to -0.54.  The little variation in the item measures indicates 

that the instrument was reliable and accurately measured the level of acceptance of the 

theory of evolution.  The items were well targeted to measure average level of 

acceptance by the population.  However, some ceiling effects were present (e.g. 

teacher no. 33 who had almost a perfect acceptance score).  The variable map in 

Figure 3-2. shows that teachers’ ability levels were higher than the difficulty of many of 

the items and thus the results can be interpreted with reliability.  Teacher nos. 08, 17, 

32, 46 and 33 had the highest levels of acceptance of evolutionary theory, while teacher 

nos. 13, 29, and 42 had the lowest levels of acceptance.  The teachers with the highest 

levels of acceptance were mainly males with training in Biology and Biology Education.  
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The teachers with the lowest level of acceptance were mainly females with undefined 

areas of specialization.  

Based on the item logits, the most difficult items were questions 2, 3, 6, and 15, 

which pertained to the scientific testability of the theory, modern humans as products of 

evolutionary processes, the ambiguity of data supporting evolution, and human 

evolution.  These results of the Rasch Model are in accordance with the results from 

Likert Scale Analysis, which suggest that teachers reject statements pertaining to 

human evolution and the scientific validity of the theory of evolution.  The easiest 

questions were questions 17 and 18 pertaining to the scientific community’s acceptance 

of evolution, and evolution as an explanation for the biodiversity of life.  Based on 

teachers’ low acceptance levels and their belief that most scientists accept the theory of 

evolution, there is a clear disconnect between how scientists think and how teachers 

view science and its impact on the world.  This brings to question the credibility teachers 

place on scientists and whether teachers are using well supported information in the 

classroom. 

There were seven major misfitting cases in the Rasch model according to the 

calculated INFIT MNSQ (teachers nos. 5, 13, 23, 35, 41, and 44 and item nos. 19).  

Teacher nos. 13, 35, 41, and 44 as well as item 19 exceeded the recommended 1.6 

MNSQ value, while teacher nos. 5 and 23 had extremely low MNSQ values of 0.18 and 

0.26 (See Table 3-3).  Because fit statistics are sensitive to a small sample sizes there 

is potential for misrepresentation of the MNSQ values in our study. For this reason, no 

teacher or item was removed during additional data analysis.  
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Although teachers from urban high schools have higher ability levels than those 

from rural high schools, there is no significant difference between the two groups (See 

Table 3-4).  Similarly, males have higher logit scores than females. In addition, teachers 

over the age of fifty have higher logit scores than those between the ages of 20 to 49.  

In this case, “higher ability levels” could be the result of more years of experience or 

research on the part of older teachers compared to novice teachers.  Interestingly, 

teachers of indigenous backgrounds like Maya, Creole, Garifuna and Mestizo have high 

logit scores compared to teachers of Caucasian background who have the lowest ability 

levels and acceptance levels of evolution.  It is important to note that the Caucasian 

teachers are from Mennonite communities and have affiliations with the United States.  

If the indigenous teachers are more accepting of the theory of evolution, there is hope 

that in the rural areas of the country, students are being given unbiased accounts of 

evolutionary theory.  An unexpected finding was that teachers with greater years of 

general and biology teaching experience have lower ability levels than novice teachers 

(See Table 3-4).  Although the differences are non significant, the disparity could be the 

result of higher quality of biology education in more recent years.  

Biology Teachers’ Understanding of the Theory of Evolution 

High school biology teachers in Belize scored an average of 47.9 out of a 100% on 

the 21- multiple-choice questions that tested teacher understanding of evolution.  The 

scores for the entire population of respondents ranged from a 9.5% to 81.0%.  Almost 

15% of the teachers have extremely low levels of understanding of evolution, with some 

only answering two of the twenty-one questions correctly.  These very same teachers 

are responsible for providing accurate scientific information.  By group, with an average 

of 52.4%, the acceptance group scored 10.3% higher than the rejection group.  The 
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rejection group only answered 42.1% right.  There is a significant difference between 

the knowledge levels of the Acceptance Group and the Rejection group using both 

parametric and non-parametric statistics (t= -2.52, df=53, p = 0.015; U=244.5, p<0.05).  

Of interest is that although there is a significant difference among the groups, both the 

rejection and the acceptance groups have low levels of understanding of evolution.  

These results were expected based on variations in training, teaching experience and 

limited resources. 

  As a group, teacher knowledge levels are negatively skewed, with most teachers 

having knowledge levels below 70% (See Figure 3-3).  The majority of the teachers 

have knowledge levels between 30-50%, which I classified as having “Low” knowledge 

levels.  No teachers were classified as being extremely knowledgeable about the theory 

or evolution, while only 9% were classified as having “High” knowledge levels.  

The questions that were answered most poorly across the entire group of 

respondents as well as within the acceptance and rejection groups were nos., 23, 24, 

31, 32, 36, 37, 38, and 40 (See Table 3-5).  These questions pertained to the 

understanding of “deep time”, mainly radioactive dating, age of the earth, theory of 

evolution, extinction, macroevolution, intermediate fossils, and natural selection.  The 

most disconcerting find was that of all the topics addressed in the knowledge tests, the 

two topics that teachers knew the least about were: 1) the theory of evolution (See Q.24 

in Table 3-6), and 2) the theory of natural selection (See Q. 40 in Table 3-6).  These 

results are in accordance with previous studies, which found teachers to have 

inadequate understanding of the theory of evolution (Rutledge & Warden, 2000), and 

natural selection (Demastes et al., 1992; Moore, 2000).  Over 85% of the teachers 
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incorrectly responded to questions pertaining directly to these two topics.  The 

distribution of responses for these two questions is provided in Table 3-6.  Only 13.6% 

of the respondents correctly described the process of evolution as “the change of 

populations through time”.  A majority of the respondents described evolution as either 

the development of characteristics in response to need, the change of simple to 

complex organisms or the change of populations solely in response to natural selection.  

With respect to natural selection, the respondents were asked which description did not 

form part of Darwin’s theory of natural selection.  The overwhelming majority of the 

population (55.9%) chose organisms tend to over-reproduce themselves.  Only 13.6% 

of the respondents chose the right response, “modifications an organism acquires 

during its lifetime can be passed to its offspring”.  This is the Lamarckian concept of 

evolution and clearly continues to be a major misconception held by many educators 

even today (Demastes et al., 1995; Jensen & Finley, 1996; Smith et al., 1995; Zuzovsky, 

1994). 

Relationship between Acceptance and Other factors 

The data indicate that the percentage of correct responses on the multiple-choice 

portion of the survey was positively correlated with the score on the MATE portion of the 

instrument (rs = 0.153, p <0.05; Figure 3-4).  Although only to a minor extent, teacher 

knowledge/understanding of evolution is correlated to teacher acceptance of the theory.  

There was no association between teachers’ age and acceptance of evolution or 

between the percentage of CXC standards adopted by teachers and their acceptance of 

evolution. 

There was a significant difference in acceptance and understanding of evolution 

between public and private schools.  Teachers from public schools scored 14 points 
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higher on the acceptance scale and 10 points higher on the knowledge scale than did 

teachers from private schools.  Teachers from public schools with religious affiliations 

scored poorer than public schools without religious affiliations, but higher than teachers 

from private institutions (See Figure 3-5).  

Although there was no significant correlation between % of CSEC Biology 

Syllabus incorporated by teachers and their acceptance of evolution, there is an 

increase in the acceptance and undertanding of evolution with increasing use of the 

CSEC Biology Syllabus (See Figure 3-6).  This suggests that adhering to the CSEC 

Biology Syllabus is better than not adhering to it at all.   

A majority of the high school biology teachers (i.e. 58%) feel unprepared to teach 

the theory of evolution. In general, teachers who feel prepared to teach evolution have 

higher acceptance and knowledge levels than those that feel ill prepared to teach its 

concepts (Figure 3-7).  Although teachers who claim to be adequately prepared to teach 

evolution scored 10 points higher than those who feel unprepared in terms of both 

acceptance and knowledge levels, the differences between the groups are insignificant.  

Outdated Standards and Standardized Tests 

The current CXC biology syllabus (2004) is divided into five sections lettered A 

through E: A) Living organisms and the environment; B) Life processes; C) Continuity 

and variation*; D) Disease and its impact on humans; and E) Environment and human 

activities. Of the five sections, only section C briefly introduces the theory of evolution 

(See Table 3-7).  Although one of the main objectives of this section is to have students 

“demonstrate an understanding of the importance of genetic variation in species and 

how these traits can be altered,” there is little mention of natural selection, mutation, 

migration or conservation.  Having state standards that include evolution but omit 
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questions related to the topic in local and regional examinations presents a hurdle for 

evolution education.  In Belize, poor science standards pertaining to the theory of 

evolution are accompanied by a poor representation of evolution in the annual Biology 

CSEC examination.  As seen in Table 3-8, only two questions on average (7% of the 

entire assessment) pertain to the theory of evolution.  Although other test questions may 

indirectly pertain to the theory of evolution, students’ poor performance on the 

standardized test indicate that they have yet to make the necessary transition from 

viewing evolution as an independent theme to viewing it is the underlying theme behind 

all life processes (CXC Report 2008). 

The 2008 report from CXC found that 47% students have limited knowledge about 

fundamental concepts and principles about biological phenomena.  The mean student 

performance on the exam was 53%.  Topics that were most problematic for students 

included: natural and artificial selection, biological control and disease, and evolution.  

For example, students failed to associate the term “organism” with both plants and 

animals. Students also failed to understand that genetic engineering occurs at the sub-

cellular level and that genes of all living organisms have a universal structure.  Students 

are unclear about how organisms develop “immunity” and how this relates to 

evolutionary processes.  Another common misconception among students is that 

antibiotics are used to treat any or every type of disease, even those causes by viruses.  

The presence of these misconceptions indicates that evolution is poorly addressed in 

high school biology courses.  

Voices of Teachers 

This section of the results is based on 1) discussions with teachers held after the 

completion of the survey and 2) responses on the open-ended questions in section IV of 
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the survey instrument.  Numerous teachers felt the need to express their personal 

concerns about the teaching of evolution post-survey completion.  One teacher claimed 

that the theory “is just a theory”, and that “there is no scientific evidence to support its 

concepts”.  Such viewpoints speak the low level of understanding shared by the teacher 

population.  Three teachers admitted that their religious beliefs and devotions prevent 

them from addressing evolution in the classroom.  Because less than 15% of the target 

population provided personal opinions post-survey completion, these three teachers 

represent an underestimate of the actual number of teachers who experience personal 

conflicts between religious beliefs and the teaching of evolution.  In cases where 

conflicted teachers do present evolution, it is presented as one viewpoint in addition to 

the story of creation.  

 Although only four teachers attest that the content dictated by the CXC biology 

syllabus is the most important determinant for what they teach in the classroom, at least 

81% of teachers align their instruction with this syllabus in hopes of adequately 

preparing their students for the CSEC biology exam (See Q.42 from survey instrument, 

Appendix E).  Specifically, 70% biology teachers adopt at least 90% of these standards 

as their biology curriculum.  Thus, if a topic is not included in the syllabus, there is a 

high probability that it will not make it into the classroom.  Similar to the situation in the 

United States, teachers in Belize state that their primary goal is for students to do well 

on the externally mandated tests.  Students’ performance on these tests is often viewed 

as a measure of teacher competency and can play a major role in the re-hiring process.  

As a result, curricular decisions are guided by teachers’ sense of accountability for 

preparing students to do well on those exams (Goldston & Kyzer, 2009).  
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Although most teachers adhere to the CXC syllabus, they confess that there is 

insufficient time to cover all its prescribed units.  Of importance to this study is that the 

theory of evolution is only briefly covered in the CSEC biology examinations as 

indicated by its negligible presence in the syllabus and the vignettes offered by 

teachers.  As a result, teachers limit evolution instruction to only what is required by the 

regional standards.  Oftentimes, a brief introduction to the topic or a couple definitions 

seemed to suffice because of the test requirement.  And even when evolution is 

required by the regional standards, there is the additional obstacle of teacher 

preference and conflicting beliefs.  Topics that are not accepted by some teachers fail to 

make it into the classroom even if they are mandated by the regional standards.  Still, 

one benefit of having great science standards pertaining to evolution is that they provide 

those teachers who do want to teach evolution with the guidance and justification to do 

so (Donnelly & Boone, 2007; Moore, 2002). 

 When asked, “To what extent should we care about evolution?” 51 % of teachers 

responded favorably, while 29% were totally against it and 20% were undecided.  The 

variation and contradiction in teachers’ responses speaks to their personal conflicts, 

confusion, and lack of understanding of the topic.  While the majority claim that we 

should care to a great extent, many suggest that the topic is unimportant and irrelevant 

to everyday life and as such deserves less class time.  Advocates for the theory of 

evolution claim it allows us to: 1) “be more aware of our surroundings”, 2) “appreciate 

nature and changing environments”, 3) “better understand ecology, anatomy and 

physiology” and 4) “allows us to obtain a deeper understanding of biology as a whole”.  

Those against the theory of evolution state that: 1) “evolution is not true” 2) “nothing 
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good has come out of the theory of evolution”, 3) “we should not care unless it starts to 

affect our daily lives, 4) “we shouldn’t care much if we believe in Creation”, and 5) “It is 

treated as factual in books but it is just an opinion”.  The statement “ We shouldn’t care 

about evolution none whatsoever because there is a Creator.  However, I do believe in 

adaptations to changing environments”, provides a perfect example of teachers’ 

convoluted ideas on the topic. 

As evidenced by their responses in Section IV of the survey, teachers’ views on 

the importance of evolution vary markedly from teacher to teacher.  This overall sense 

of uncertainty is an indication that teacher education and reeducation pertaining to the 

topic of evolution is necessary to achieve a comprehensive understanding of the topic. 
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Table 3-1. Demographic data including distribution by sex, age, school location, 
ethnicity/race, academic preparation and teaching experience for the fifty-nine 
teachers that participated in the study. 

 N % 
 
Location of School 
        Rural 
        Urban 

 
 
17 
42 

 
 
28.1 
71.9 

Sex 
         M 
         F 

 
26 
33 

 
44.1 
55.9 

Age 
         21-29 
         30-39 
         40-49 
         >50 
        N/A 

 
25 
21 
6 
5 
2 

 
42.4 
35.6 
10.2 
  8.5 
  3.4 

Ethnicity/Race 
        African 
       Caucasian 
       Creole 
       East Indian 
       Garifuna 
       Maya 
       Mestizo 
       Other/Mixed 

 
2 
2 
14 
1 
3 
2 
30 
5 

 
  3.4 
  3.4 
23.7 
  1.7 
  5.1 
  3.4 
50.8 
  8.5 

Academic Preparation 
        High School 
        Associates  
        Bachelors 
        Masters 
        N/A 

 
3 
8 
40 
7 
1 

 
  5.1 
13.5 
67.8 
11.9 
  1.7 

Years of Teaching Experience 
        0-2 
        3-5 
        6-10 
       11-20 
       >20 

 
12 
15 
15 
11 
6 

 
20.3 
25.4 
25.4 
18.6 
10.2 

Years of Teaching Biology 
        0-2 
        3-5 
        6-10 
       11-20 
       >20 

 
22 
17 
9 
8 
3 

 
37.3 
28.8 
15.3 
13.6 
  5.1 
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Table 3-2. The mean score and standard deviation per question of the MATE responses 
for the entire group of respondents, the Acceptance Group and the Rejection 
Group. Asterisks (*) denote items that were more widely accepted. Triangles 
(!) represent least accepted items. 

 Entire group of 
Respondents (n=59) 

Acceptance Group 
(n=29) 

Rejection Group 
(n=30) 

Item # Mean SD Mean SD Mean SD 
1 3.44* 1.61 4.72* 0.45 2.20 1.32 
2 3.00! 1.31 3.62! 1.24 2.40 1.10 
3 2.92! 1.56 4.03 1.05 1.83! 1.50 
4 3.17 1.32 4.07 0.80 2.30 1.12 
5 3.83* 0.79 4.17 0.60 3.50* 0.82 
6 2.90! 1.14 3.45! 0.99 3.37* 1.03 
7 3.46 1.33 4.03 1.05 2.90 1.35 
8 3.36 1.21 4.10 0.62 2.63 1.22 
9 3.59* 1.23 4.24 0.87 2.97 1.22 
10 3.08 1.32 4.07 0.92 2.13! 0.86 
11 3.05 1.09 3.55! 0.95 2.57 1.01 
12 3.32 1.14 3.86 0.88 2.80 1.13 
13 3.29 1.08 3.72 0.70 2.87 1.22 
14 3.10 1.43 4.10 0.77 2.13! 1.25 
15 2.90! 1.51 3.93 1.00 1.90! 1.21 
16 3.27 1.32 4.07 0.65 2.50 1.36 
17 3.64* 0.85 4.07 0.70 2.23 0.77 
18 3.61* 1.25 4.48* 0.51 2.77 1.17 
19 3.20 1.26 3.66 1.04 2.77 1.30 
20 3.22 1.35 4.24* 0.64 2.23 1.10 
Average 3.27 1.25 4.01 0.82 2.55 1.14 
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Table 3-3. Logit and INFIT MNSQ values for items and teachers obtained from the 
Rasch Model. Items or persons with INFIT MNSQ values outside the range of 
0.6 to 1.4 are questionable. (**) indicate items or persons with misfitting 
MNSQ values that are too high. (*) indicate values that are too low.  

Item Teacher 
No. Logits INFIT 

MNSQ 
No. Logits INFIT 

MNSQ 
No. Logits INFIT 

MNSQ 
No. Logits INFIT 

MNS
1 -0.16 0.39 1  0.91 0.22 21  0.06 0.78 41  1.86 3.06**
2  0.35 1.37 2 -1.18 

10 55
1.57 22 -1.18 0.48 42 -1.93 1.38 

3  0.35 0.65 3  0.55 0.28 23  0.99 0.18* 43 -0.94 0.65 
4  0.16 1.05 4  0.99 1.16 24  0.32 0.56 44  0.91 2.45**
5 -0.32 1.17 5 -0.04 0.26* 25  1.27 1.12 45  0.32 0.47 
6  0.34 1.32 6 -1.05 1.26 26 -0.54 1.49 46  2.9 1.63 
7 -0.33 1.16 7  0.16 0.55 27 -0.54 0.89 47 -0.68 1.06 
8  0.02 0.86 8  2.68 1.77 28  0.16 1.16 48 -0.68 0.91 
9  0.46 1.06 9  0.55 0.85 29 -2.05 0.49 49 -0.58 1.25 
10  0.17 0.69 10 -0.63 0.72 30  0.26 0.34 50 -1.24 1.22 
11  0.19 1.22 11  0.01 0.93 31  1.08 1.21 51 0.83 0.48 
12  0.01 1.09 12 -0.04 0.89 32  2.9 1.56 52 -0.13 1.32 
13  0.09 1.21 13 -1.38 2.21** 33  4.98 1.00 53  0.55 0.75 
14  0.20 0.80 14  0.06 1.15 34  0.55 0.50 54  0.55 1.98 
15  0.39 0.74 15  0.43 1.25 35 -1.24 2.02** 55 -0.68 0.37 
16  0.03 0.91 16  0.83 1.39 36  0.76 0.64 56  0.83 0.42 
17 -0.54 1.22 17  2.9 1.17 37 -0.17 0.69 57  0.06 0.71 
18 -0.51 0.55 18  0.68 0.44 38 -0.94 0.32 58  1.08 0.36 
19 -0.07 1.65** 19 -0.94 1.86 39  0.91 0.36 59 1.08 1.00 
20  0.09 0.66 20  0.43 1.18 40 -1.24 1.11    
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Table 3-4. Logit scores for teacher abilities according to location, sex, age, ethnicity, 
and area of specialization. None of the differences among the groups are 
significant at an alpha level of 0.05. 

 Mean Logit Score S.D. 
Location 
      Rural 
      Urban 

 
-0.03 
 0.40 

 
1.32 
1.26 

Sex 
         M 
         F 

 
0.35 
0.20 

 
0.95 
1.66 

Age 
         21-29 
         30-39 
         40-49 
         >50 

 
 0.00 
 0.41 
-0.58 
 1.06 

 
0.94 
1.17 
0.58 
2.32 

Ethnicity 
       Caucasian 
       Creole 
       Garifuna 
       Maya 
       Mestizo 
       Other/Mixed 
           East Indian 
           African/Jamaican 

 
-1.31 
 0.49 
 0.48 
 0.69 
 0.48 
-0.61 

 
0.88 
1.22 
0.69 
0.19 
1.36 
0.96 

Academic Qualification 
        High School 
        Associates  
        Bachelors 
        Masters 

 
 1.39 
-0.46 
 0.43 
-0.36 

 
1.33 
0.99 
1.32 
0.78 

Years of Teaching Experience 
        0-2 
        3-5 
        6-10 
       11-20 
       >20 

 
 0.05 
 0.61 
 0.83 
-0.31 
-0.41 

 
1.17 
1.35 
1.44 
0.91 
0.83 

Years of Teaching Biology 
        0-2 
        3-5 
        6-10 
       11-20 
       >20 

 
0.23 
0.86 
0.12 

-0.21 
-0.93 

 
1.39 
1.40 
0.80 
0.89 
0.25 
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Table 3-5. The ranks of the multiple-choice questions testing evolutionary knowledge for 
the entire group, the Acceptance Group, and the Rejection Group. 

Entire Group of Respondents Acceptance Group Rejection Group 
Rank Item % Correct Rank Item % Correct Rank Item % Correct 

1 35 81.4 1 35 96.6 1 26 73.3 
2 26 79.7 2 26 86.2 2 35 66.7 
3 25 64.4 3 28 82.8 3 29 63.3 
4 29 62.7 4 25 72.4 4 25 56.7 
5 28 59.3 5 27 65.5 5 27 46.7 
6 27 55.9 6 21 62.1 6 41 43.3 
7 21 50.8 6 29 62.1 7 21 40.0 
8 30 49.2 8 22 58.6 7 30 40.0 
8 34 49.2 8 30 58.6 7 33 40.0 

10 22 47.5 8 34 58.6 7 34 40.0 
10 41 47.5 11 31 55.2 11 22 36.7 
12 31 44.1 12 32 51.7 11 28 36.7 
13 32 40.7 12 39 51.7 13 31 33.3 
13 39 40.7 12 41 51.7 14 32 30.0 
15 33 39.0 15 37 44.8 14 37 30.0 
16 37 37.3 16 33 37.9 14 39 30.0 
16 38 37.3 17 23 34.5 17 23 20.0 
18 23 27.1 18 36 24.1 18 36 16.7 
19 36 20.3 19 24 20.7 19 38 10.0 
20 24 13.6 20 40 17.2 19 40 10.0 
20 40 13.6 21 38 10.3 21 24 6.7 
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Table 3-6. Teacher responses to the multiple-choice items pertaining to the knowledge 
of evolutionary theory. (*Denotes correct response). 

Question % 
23. Using radioactive dating techniques, the first life seems to have appeared on 
the earth about:  
a. 10 thousand years ago 
b. 270 million years ago 
c. 3.3 billion years ago 
d. 4.5 million years ago 
e. 10 billion years ago 
No Answer 
 

 
   
  5.1 
  1.7 
  6.8* 
20.3 
13.6 
32.2 
 

24. Which of the following phrases best describes the process of evolution? 
a. The development of man from monkey-life ancestors 
b. The change of simple to complex organisms 
c. The development of characteristics in response to need 
d. The change of populations through time 
e. The change of populations solely in response to natural selection 
No Answer 
 

 
  1.7 
23.7 
32.2 
13.6* 
23.7 
  5.1 

36. The extinct species Archaeopteryx has characteristics of both birds and reptiles.  
This is an example of a(n): 
a. Convergent species 
b. Trace fossil 
c. Archetype 
d. Intermediate form 
e. Polymorphic species 
No Answer 
 

 
 
18.6 
  5.1 
  8.5 
20.3* 
25.4 
22.0 
 

38. Radiometric dating techniques rely on the fact that: 
a. The bony portions of organisms decompose at known rate 
b. Organisms which lived earlier in time will tend to be found in sediments below 
organisms which lived more recently 
c. The magnetic field of the earth has reversed its polarity at the known time 
intervals in geologic time 
d. The earth contains elements which change into other elements at a constant rate 
e. During the decomposition process organic matter is converted into radioactive 
elements at a known rate 
No Answer 
 

 
  8.5 
11.9 
  
  5.1 
 
10.2 
37.3* 
 
27.1 

40. Which of the following is not a part of Darwin’s theory of natural selection? 
a. Individuals of a population vary 
b. Organisms tend to over-reproduce themselves 
c. There are limited resources for which individuals compete 
d. Modifications an organism acquires during its lifetime can be passed to its 
offspring 
e. Variations possessed by individuals of a population are heritable 
No Answer 

 
  5.1 
55.9 
  8.5 
13.6* 
   
  5.1 
11.9 
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Table 3-7. Description of the five sections that comprise the 2004 CXC biology syllabus.  
Numbers in brackets indicate the suggested number of weeks needed to 
teach each section.  Note that the content in the CXC syllabus is to be 
covered over two academic years (11th and 12th grade). Numbers in brackets 
next to each section indicate the number of weeks teachers should expect to 
spend on each section. 

Section A (5) Section B (40) Section C (10) Section D (3) Section E (7) 

Living Organisms 
and the 
Environment 

Life Processes Continuity and 
Variation 

Disease and its 
Impact on Humans 

Environment and 
Human Activities 

- food chain 
- food webs 
- symbiotic     
relationships 
- energy flow 

- cell structure (plant 
and animal) 
- nutrition 
- photosynthesis 
- systems 
(respiratory, skeletal, 
nervous, circulatory, 
excretory, digestive) 
- sexual and asexual 
reproduction 
- pollination, 
germination 

- mitosis 
- meiosis  
- chromosome, 
DNA, gene, allele, 
inheritance, genetic 
engineering 

- disease types,  
- treatment, control 
- vectors, pathogens 
- sexually 
transmitted diseases 
- immune system  
- social and 
economic 
implications 

- environment  
- population  
- limiting 
resources 
- recycling 
- pollution 
- human impact  
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Table 3-8. Test questions pertaining to the theory of evolution included in CSEC biology 
examinations for the years 2000-2007. Both mandatory and optional 
questions are presented in this table. Test questions for the year 2006 were 
unavailable. Test questions for the year 2008 were transcribed from the CXC 
2008 report.   

Year Biology CSEC questions pertaining to the theory of evolution  

2000 none 

2001 1. What is meant by the term homologous? 
2. Sometimes in nature there is an unexpected change in the genes or in a chromosome. What is this 

change called? 
3. Genes on a chromosome can also be changed by genetic engineering.  Suggest TWO differences 

between this process and natural selection.  
4. People now eat food crops grown from seeds, which had their genes changed by genetic engineering. 

Suggest TWO unintentional outcomes of using this process in food crops. 

2002 1. State TWO possible effects on the rest of the ecosystem if the birds were removed from the forest. 
2. What are the causes of variation within a population? (optional) 
3. Many organisms, such as snails and insects have colors, which are similar to the colors of their 

regular habitats.  Explain how mutations and natural selection could have contributed to this fact. 
(optional) 

4. Man seems to be losing the war against pests as new pesticides remain effective only for a short time. 
(i) Explain why this may be so.  (ii) How has man used his knowledge of natural selection to deal 
with this problem? Explain your answer fully.  (optional) 

2003 1. What is the long-term effect of asexual reproduction for a species? 
2. In developed countries like the United States, genetic engineering methods are being used to fight 

plant diseases and improve agricultural products.  (i) Use your knowledge of Biology to explain 
TWO reasons why there is a growing emphasis on manipulating genes.  (ii) Suggest TWO possible 
disadvantages for regions like the Caribbean, if this trend continues. (optional) 

2004 1. In many societies, men are disappointed when they have too many female offspring and they tend to 
blame their partners. Use your biological knowledge to explain why this is an unreasonable position 
to take. (optional) 

2. It may one day be possible to use genetic engineering methods to remove a defective gene (for 
example, the sickle cell gene) from a zygote or gamete and replace it with a normal gene. What 
might be the advantages of developing this technique instead of trying to develop better treatments 
for genetic diseases? (Optional) 

3. In the future, parents may be able to select certain characteristics that they want their offspring to 
have and have the appropriate genes inserted into the chromosomes of the embryo.  Suggest ONE 
advantage and ONE disadvantage of this possibility? (optional) 

2006 1. Why is genetic variation important?  
2. 'Monocropping'- planting of the same type of plants over an extensive area- is sometimes considered 

risky because of the lack of genetic variation. Explain why this practice may be considered risky.  
3. Besides introducing new species, human activities also affect the natural environment in other ways. 

For example, many Caribbean coral reefs have been damaged by human activities.  (i) Describe 
TWO ways in which human activity destroys coral reefs.  (ii) Suggest the implications of the coral 
reef destruction described above. (Optional) 

2007 1. Suggest TWO reasons why sugarcane farmers tend to choose a single variety for their crops. 
(Optional) 

2008 1. Label the process of meiosis. 
2. Define the term ‘genetic engineering’ and provide an advantages and a disadvantage of GMOs. 
3. Explain how the body defends itself against disease. State two biological and two social implications   
or the misuse of antibiotics.  
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Figure 3-1. Mean acceptance scores for the Acceptance, Rejection and Entire group of 
respondents based on the sum of scores on the MATE instrument. 
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Figure 3-2. Person/Item Case Map for the Rasch Analysis of MATE Scores. 
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Figure 3-3. Teacher knowledge on evolution based on scores on the 21-multiple choice 
items in Section III of the survey instrument. Total N=55. Scores range 
between 0 and 100 percent. Extremely Low (<30%); Low (30-49%); Moderate 
knowledge (50-69%); High (70-84%), Extremely High (>85%). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4. A comparison of biology teachers’ scores Knowledge Scores plotted against 
MATE/Acceptance Scores.  
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Figure 3-5. A comparison of biology teachers’ Acceptance and Knowledge Scores for 
Public and Private high schools. 

 

 
 
 

 

 

 

 

 

 

 

 

Figure 3-6. A comparison of biology teachers’ Acceptance and Knowledge Scores 
plotted against the % of CSEC Biology Syllabus used by teachers. 
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Figure 3-7. Mean Acceptance/MATE Score and Knowledge Score for teachers who feel 

prepared to teach evolution (N=23) and teachers who do not feel prepared 
(N=32).  
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CHAPTER 4 
SUMMARY AND CONCLUSIONS 

This study investigated the current level of acceptance and understanding of the 

theory of evolution among high school biology teachers in Belize. It was hypothesized 

that the majority of respondents would have extremely low levels of both acceptance 

and understanding.  Based on the literature and similar studies in the United States 

(See Troost, 1966; Shankar & Skoog, 1993; Aguillard, 1999), it was predicted that 

teachers with higher levels of education, particularly in larger urban, public schools, 

would exhibit greater levels of acceptance and knowledge of evolutionary theory.  

The results indicate that even though less than 49% of teachers in Belize accept 

the theory of evolution, the entire population exhibits a poor understanding of the theory 

and its related concepts.  Teachers mean acceptance level was 64.4 out of 100 points.  

Because a majority of the teachers either reject or are undecided about evolution there 

is room for improvement.  Tackling teachers’ misconceptions is imperative, especially 

when most teachers admit to teaching for content purposes, and have little time to instill 

deeper understandings and connections between the subject matter and everyday life.  

There is a complex relationship between acceptance and understanding of 

evolution.  While some studies have suggested a positive correlation between the two 

(Fahrenwald, 1999; Rutledge & Warden, 2000; Deniz et al., 2008), others have found 

no relationship (e.g. Brem et al., 2003).  In this study, there was a significant correlation 

between the acceptance and understanding of evolutionary theory held by high school 

biology teachers in Belize.  The correlation test, however, accounts for only 15% of the 

association suggesting that the factors that contribute to the acceptance of evolutionary 

theory are complex and cannot be attributed to a single factor such as knowledge of 
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evolutionary theory. The generalized assumption that an increase in understanding of 

evolution leads to an increase in acceptance of the theory is a gross oversimplification.  

Although this relationship has been supported in some studies, there are numerous 

extraneous variables that can influence acceptance of the theory of evolution and these 

may vary across countries, and cultures. 

It was expected that because developing countries have different content 

requirements than the United States, teachers with only high school or associate level 

degrees would have extremely high levels of non-acceptance. Previous studies have 

shown that teachers who take more courses on evolution (i.e. higher academic 

preparation) spend more time teaching the subject and doing a better job at teaching 

(Aguillar, 1999; Rutledge & Mitchell, 2002).  Contrary to expectations, the variations in 

teacher preparation and qualifications in Belize did not influence the acceptance of 

evolution, i.e. teachers with Masters degrees do not accept the theory of evolution any 

more than teachers who have only a high school diploma or an associate’s degree.  I 

speculate that in addition to teacher preparation, culture, religious beliefs, and/or 

parents’ educational background contribute to teachers’ acceptance of the theory of 

evolution.  Future studies should investigate whether these socio-cultural factors 

influence teacher acceptance and understanding of the theory of evolution across 

social, political and cultural barriers. 

Interestingly, teachers of indigenous backgrounds like Maya had higher 

acceptance towards evolution than the remaining ethnic groups particularly Caucasians 

and East Indians.  Among the entire group of respondents, the most controversial and 

rejected items were: 1) the ambiguity of the data supporting the theory of evolution, 2) 
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the testable nature of evolution, and 3) human evolution. Providing evidence to support 

the testable nature of evolution will be much easier than addressing the issues of 

human evolution.  Although some studies advocate the use of human evolution as the 

central theme behind the teaching evolution (Besterman & Baggott la Velle, 2007), the 

results of this study suggest that most biology teachers have strong issues against 

human evolution.  Although evolution could be addressed using human evolution as the 

primary evidence, there is a huge risk of offending and alienating various teachers 

before we get our message across. 

Because teachers had higher ability levels compared to item difficulties it was 

expected that they perform well on the acceptance test.  This was not the case as 

teachers’ acceptance level of evolution was weak across the entire population 

regardless of sex, academic preparation or whether or not evolution was taught.  In 

addition, teachers who claim to teach evolution did not have higher levels of acceptance 

compared to those teachers who do not accept the theory.  This unsettling result 

suggests that claiming to teach evolution is not enough.  It is the concepts that are 

taught and how they are taught in relationship to other areas in biology that is important. 

Previous studies have found that the teaching of evolution is influenced by a complex 

set of factors including: textbooks, tests, curricula, religious beliefs, and acceptance or 

rejection of evolution (Lerner, 2000; Moore, 2002).  In this study, school affiliations 

played a role in teacher acceptance with teachers from public schools have higher 

acceptance than those from public schools with religious affiliations and private schools.  

One of the two factors that contributed to an increase in acceptance among high 

school teachers in Belize was teaching experience in biology.  Teachers with ten years 
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of more of teaching experience in biology have significantly higher levels of acceptance 

than those who recently entered the classroom.  Such correlation has huge implications 

for the future of evolution instruction in Belize and in other countries where teachers are 

hired on a year-by-year basis and whose job depends on student performance on 

standardized tests.  If our goal is to prepare students for life, then we need to allow 

teachers the time and flexibility to engage in research and other experiences that 

promote a deeper understanding of the content they are responsible for teaching.  In 

addition, teachers should be encouraged to familiarize themselves with the nature of 

science if they are to fully comprehend the complexity of scientific processes.  Future 

research on teachers’ epistemological views of science may help clarify if teachers 

genuinely have low acceptance levels of evolution or simply have an inadequate 

understanding of the nature of science, as has been suggested in other studies (See 

Abd-El Kahlick & Lederman, 2000a). 

This study concludes that, in general, teachers have inadequate levels of 

knowledge about the theory of evolution.  Specifically, teachers have a poor grasp of 

“deep time”.  By failing to appreciate the importance of geological processes, the fossil 

record and macroevolution, teachers limit their understanding of historical biology and 

its relevance to the modern world (Catley & Novick, 2009).  With teachers scoring as 

low as 9% on the knowledge test, there is room for much improvement. Most 

surprisingly, teachers were unable to correctly define the theory of evolution and to 

distinguish among the processes that contribute to natural selection.  There results are 

noteworthy because teachers cannot teach the theory of evolution effectively if they lack 

a basic understanding of its concepts including natural selection, the driving force 
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behind evolution.  Along with mutation, gene flow, genetic drift, and macroevolution, 

natural selection is one of the most important concepts required for a comprehensive 

understanding of the theory of evolution.  The results of this study reveal the many 

hurdles in evolution education in Belize.  As such, they provide significant support for 

the proper education of pre-service teachers and the reeducation of in-service teachers.  

As predicted, evolution plays only a minor role in the regional science standards 

and standardized tests in the Caribbean.  Compared to the United States, where 

nationwide, state standards for teaching evolution average a grade of C, or satisfactory, 

(Lerner, 2000), Belize’s science standards as it pertains to evolution average a D at 

best.  Because most teachers in Belize subscribe to the mandated biology curriculum by 

CXC, evolution instruction is often limited to a brief introduction of the topic.  Teachers’ 

personal views and preconceptions as well as their low levels of acceptance and 

understanding of the concepts they are responsible for teaching further diminish the role 

of evolution as a unifying theme in the classroom.  Although non-significant, there is an 

increase in the acceptance and undertanding of the theory of evolution with increasing 

use of the CSEC Biology syllabus (See Figure 3-6).  This is even more reason for 

science educators and officials in the region to re-evaluate the goals of the CSEC 

biology standards so they pertain to evolutionary concepts as they relate to the many 

fields of science.  If we are to improve the status of evolution education, we need to 

continue to emphasize to teachers that biology cannot be taught effectively without the 

inclusion of its unifying theme: the theory of evolution. 
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CHAPTER 5 
IMPLICATIONS AND RECOMMENDATIONS 

The findings of this study have implications for policy, practice and research. The 

results of this study suggest that there is an urgent need for the re-education of in-

service teachers in Belize as it pertains to the theory of evolution.  From a regional 

standpoint, these findings can help officials determine what resources teachers in the 

region, particularly those who subscribe to CXC standards, need in order to effectively 

teach the theory of evolution at the high school level.  It is recommended that regional 

examination boards and science departments set adequate standards for the teaching 

of evolution in the classroom.  By including evolution as an integral part of the regional 

examinations, they ensure that a majority of the teachers will cover the content matter 

even though they may reject the theory.  Instead of revising the CSEC standards every 

five years, the Caribbean Examination Council should consider integrating evolution in 

all areas of the CSEC Biology Syllabus.  This would be more effective than modifying 

the standards or the format of the exam more frequently.  The goals, content, and test 

material should be modified to incorporate evolution in a form that is relevant to both 

teachers and students so they are able to make connections among topics.  Currently, 

the sections in the CSEC biology syllabus are disjointed and need to be taught from an 

interrelated standpoint. Evolution is more than a micro-level process.  Although 

evolution is key for the explanation of DNA, cell division, and genetic engineering, it also 

has a place in the explanation of food webs, energy flow, cell structure, photosynthesis, 

reproduction, pollination, disease transmission, and the impact of humans on the 

environment (Sections A-E in the CSEC Syllabus).  Thus, evolution indirectly forms part 

of all five sections of the CSEC biology syllabus, and should not be restricted to only 
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Section C: Continuity and Variation (See Table 3-7).  The isolation of the topic fosters 

more misconceptions by failing to make connections to the rest of the topics in biology.  

Because evolution is central to the understanding of biology, I advocate that its concepts 

be embedded within other topics such as ecology, genetics and conservation.  Without 

an appreciation of evolution as an overarching theme in biology, lessons are limited to 

content with little relevance to everyday life.  We need to bridge that gap between 

scientists, and the teaching community. 

 Although 68% of the teachers feel satisfied with the treatment of evolution in their 

biology textbooks, 58% of high school biology teachers in Belize feel unprepared to 

teach the theory of evolution.  This presents a meaningful opportunity for professional 

development programs and workshops that will address teachers’ misconceptions about 

the topic.  Understanding what teachers need to be more comfortable and confident 

about teaching its concepts can have positive implications for future effective teachers.  

These professional development programs should include a “misconception profile” that 

includes all the poorly answered questions from the survey instrument used in this 

study.  These topics can be used to develop effective teaching strategies that will foster 

a deeper understanding of the topic among teachers.  These professional development 

programs should seek to include multiple teaching strategies, including discussion, 

historical underpinnings (Clark & Brown, 1996) and problem solving in addition to 

content presentation to target teachers’ low acceptance and understanding of 

evolutionary content.  The goal of these workshops should be to 1) clarify 

misconceptions, particularly those pertaining to macroevolutionary processes and 2) 

help teachers master how to think critically and scientifically about the nature of science.  
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To fully comprehend the centrality of evolution teachers need to understand numerous 

fields including paleontology, biogeography, molecular biology, genetics, and 

developmental biology (Mayr 2002, pp 12-39). 

Given that acceptance and understanding increase as the teachers’ years of 

experience in the biology classroom increase, it is recommended that teachers make 

use of reliable outside resources such as books, journals, and websites intended to 

increase their knowledge of the theory of evolution.  Griffith & Brem, (2004) showed that 

the teachers who taught the theory of evolution more effectively were the ones who 

possessed the most up to date information.  However, this endeavor is difficult to ask of 

teachers who are already swamped with so many job responsibilities.  In addition, 

leaving the research and self-training up to teachers may prove problematic if their 

preconceptions or beliefs are strongly against the teaching of evolution.  Regional 

officials and science department heads should spearhead and encourage research and 

the use of reliable support documents.  As continuous learners, it is important that 

teachers build on their knowledge of factual information pertaining to evolution so they 

provide unbiased accounts of the topic.  Failure to do so results in limited conceptions of 

what it means to be a teacher (Anderson, 2007).  
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APPENDIX A 
DEFINITION OF TERMS 

" CARIBBEAN EXAMINATION COUNCIL (CXC). An educational governing body 
that was established in 1972 by several participating governments across the 
Caribbean to conduct examinations and set regional standards, with the purpose 
of making curriculum more relevant to the needs of the Caribbean rather than 
those imposed by the British Education, GCE.  The standardized tests from CXC 
are designed to test students’ knowledge in specific subject areas at the 
secondary and tertiary levels of education (www.cxc.org). 
 

" CARIBBEAN SECONDARY EXAMINATION CERTIFICATE (CSEC). An 
examination offered by CXC, which recognizes a level of proficiency in various 
subjects historically bench-marked with secondary level education. The 
examination is taken at the end of 12th grade and is used to evaluate student 
knowledge against peers across the region (www.cxc.org). 
 

" CSEC BIOLOGY EXAMINATION. Although not mandatory, this 12th grade 
examination is very popular among high school students planning to pursue higher 
education in Belize and/or the Caribbean. The exam is spilt into four sections. 
Paper 01 is a multiple-choice, Paper 02 is comprised of structured questions, and 
Paper 03 contains essay questions. A laboratory component known as the 
standard based assessment (SBA) also contributes to the overall score on the 
examination. As of 2008, the format of the exam was changed resulting in the 
merging of Paper 02 and Paper 03. Unlike previous years, all questions in the 
exam are now mandatory (www.cxc.org).  

 
" THEORY OF EVOLUTION. This term refers to biological evolution. Biological 

evolution is defined as the change of alleles or trait frequency in a population due 
to natural selection, mutation, gene flow, or genetic drift (Futuyama, 1998). The 
National Academy of Sciences [NAS] defines evolution as “Change in the 
hereditary characteristics of groups of organisms. (Darwin referred to it as ‘descent 
with modification’)” (p.13). 

 
" NATURAL SELECTION. A key process of the theory of evolution, along with 

mutation, gene flow and genetic drift in which organisms with heritable traits that 
are better suited to their environments have greater reproductive success, 
therefore increasing the frequency of favorable traits in a population (Futuyama, 
1998; WGBH Educational Foundation, 2001). 

 
" SCIENCE. “A way of knowing about the natural world based on observations and 

experiments that can be confirmed or disproved by other scientists using 
scientifically accepted techniques” (WGBH Educational Foundation, 2001). 

 
" THEORY- In vernacular English, the definition of a theory is often something that 

is unproven or assumed. However, in science, a theory is defined as “a well 

http://www.cxc.org/
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sustained explanation of some aspect of the natural world that can incorporate 
facts, laws, inferences, and tested hypotheses” (NAS, 198, p.5). 

 
" HIGH SCHOOL. Grades 9-12. In Belize these are referred to as Form I-IV.
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APPENDIX B 
UF-IRB SUBMISSION 

UFIRB 02 – Social & Behavioral Research 
Protocol Submission 

Title of Protocol: Small Country, Big Implications: The Role of Teacher 
Acceptance and Understanding in Shaping Evolution Instruction in Belize. 

 
UFIRB #2009-U-0097 

 

Principal Investigator:  Elvis Nunez UFID #: 7531 6400 

Degree / Title: Masters in Zoology with a 
minor in Education 

 
Department:Zoology/Vertebrate    
Paleontology 
 

Mailing Address:    
218 Dickinson Hall, Museum Road & Newell 
Drive, Gainesville, FL 32611  
Email Address & Telephone Number:    
enunezbz@ufl.edu, 808 854 5436 

Co-Investigator(s): None 
 

UFID #:   

Supervisor: Dr. Bruce MacFadden 
 

UFID #: 1730-0400 
 

Degree / Title: Ph.D./Curator of FLMNH 
 
Department: Professor of Zoology and 
Geological Sciences 
 

Mailing Address: 218 DICKINSON HALL 
GAINESVILLE FL US 32611-7800 
 
Email Address & Telephone Number: 
bmacfadd@flmnh.ufl.edu, 352 273 1937 
 

Date of Proposed Research: March, 2009 
 
Source of Funding (A copy of the grant proposal must be submitted with this protocol if 
funding is involved):  
 
Personal Funding 
 
Scientific Purpose of the Study: 
 
1) To investigate the current level of acceptance and understanding of evolutionary theory 
among high school biology teachers in Belize? 
 
2) To investigate the level of evolutionary content depicted in the local (classroom) and 
regional (Caribbean) high school science standards? 
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Describe the Research Methodology in Non-Technical Language:  (Explain what will be 
done with or to the research participant.) 
             
         Official letters announcing the study will be sent by both email and regular mail to all 
high school principals in Belize.  Please note that all official documents, including consent 
forms and survey instruments will be written in English, the official language of Belize.  This is 
appropriate since English is the only language used for instruction at the high school level.  
Once all institutions have received this notification, principals will be contacted via phone to 
verify their willingness to participate in the study.  Instead of mailing consent forms and survey 
instruments,  
 
I will personally fly to Belize and drive to all participating high schools to provide both 
principals and biology teachers with consent forms (transportation has been arranged).   
Both consent forms will indicate the study's objectives, procedures, potential risks and 
anticipated benefits in addition to a statement providing the opportunity to withdraw from the 
study at any time.  Because complete disclosure of the research content may allow teachers 
to prepare for the surveys in advance (i.e. reading text books or even altering course 
outlines), I ask that IRB grant me permission to disclose only a limited degree of information 
about the research topic to each subject.  I will however, debrief subjects once course 
outlines have been collected and surveys have been completed and sealed in privacy 
envelopes.  During this time, teachers will be given the opportunity to both ask questions and 
make comments.   
 Only schools whose principals have agreed to participate in the study will be visited.  
Upon arrival at the school but prior to interacting with teachers, the researcher will first meet 
with the respective principal and have him/her sign the “Principal Consent Form”.  Once this 
has been successfully accomplished, teachers of participating high schools will be briefed on 
the project and asked to read and sign the “ Teacher Consent Form” if they wish to participate 
in the study.   
             Surveys will be conducted at the teacher’s discretion, either during free class periods 
or at the end of the school day so as not to disrupt regular class time.  Teacher(s) will be 
directed to an unoccupied classroom/laboratory and asked to complete the survey to the best 
of their abilities.  For schools that have more than 1 biology teacher, teachers will be asked to 
complete the surveys in separate rooms.  If this is not possible, teachers will be asked to sit 
far away from each other and to refrain from communicating with one another.  Teachers will 
then be provided with a copy of the survey (identifiable only by a survey number), and a 
“privacy envelope” to place their completed surveys (these will not be opened until the data 
compilation phase).  All teachers will be given specific instructions on how to complete the 
surveys in addition to being briefed on the anonymity of the study, the importance of an 
honest response, and their ability to withdraw from the study at any particular time.   
           The researcher will then leave the room but remain close by in case there are any 
questions as the teachers complete the surveys.  Following the completion of the surveys, 
teachers will be asked to drop their sealed envelopes in an box.  Once all surveys have been 
submitted, the researcher will be open for questions and feedback on the study.  
  In addition to implementing the surveys, 11th and 12th grade biology course outlines 
(syllabi) will be collected from each of the participating schools (this will be done prior to 
implementing the surveys).  
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Describe Potential Benefits and Anticipated Risks: (If risk of physical, psychological or 
economic harm may be involved, describe the steps taken to protect participant.) 

Potential Benefits. 

1) Participants will be challenged to think critically during the survey.  They will be exposed to 
a topic, which remains controversial in most regions of the world.   

2) Findings from this research will contribute to the strengthening of the biology curriculum in 
Belize and possibly the rest of the Caribbean. 

Anticipated Risks 
This study presents no more than minimal risks to the subjects.  No physical, economic, or 
psychological harm is anticipated.  Due to the nature of the evolutionary content in the study, 
some participants may be uncomfortable responding to some of the survey questions.  To 
ensure that there is as little discomfort as possible, participants will be briefed on 
confidentiality, anonymity of responses, and on their ability to withdraw from the study at any 
time.  In addition, all surveys will be completed in the absence of the researcher and will be 
submitted in sealed envelopes. 

 

 
Describe How Participant(s) Will Be Recruited, the Number and AGE of the 
Participants, and Proposed Compensation: 
My initial research indicates that there are a total of 71 high school biology teachers in Belize.  
These teachers are distributed among the 47 high schools in the country.  Because this 
sample pool is so small, all 71 teachers will be asked to participate in the study.  Prior to 
implementing the surveys, all 47 high school principals in Belize will be contacted and asked 
to participate in the study.  Once the respective principal has agreed and signed the consent 
form, I will request the participation of their biology teachers. 

There will be no compensation for participating in the study. 

Describe the Informed Consent Process.  Include a Copy of the Informed Consent 
Document: 
Each participating high school principal and biology teacher will be provided with informed 
consent documents. The survey will not be implemented unless both principals and teacher(s) 
along with a witness have signed the consent forms. 

Informed Consent Documents are attached: YES 

Principal Investigator(s) Signature 
Elvis E. Nunez 

Supervisor Signature: 

Department Chair/Center Director  
Signature: 
 

Date: 
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APPENDIX C 
PRINCIPAL CONSENT LETTER 

High School Principal Consent Letter 

Dear Sir or Madam: 

My name is Elvis Nunez.  I am a graduate student from Belize enrolled in the Department of 
Zoology at the University of Florida.  Under the supervision of Dr. Bruce MacFadden, I am 
currently conducting research pertaining to biology content and curricula in Belize. 

The results of the study may help administrators and education officials better understand the 
importance of teaching concepts like evolutionary biology, genetics, and conservation as an 
integral part of the high school biology curricula, leading to improved curricula and instructional 
practices.  These results may not directly help your institution today, but may benefit future 
students seeking a more comprehensive science education.  Today, I would like to ask that you 
give permission for your school to participate in the study.  Specifically, the study will require 
that your biology teachers complete a survey regarding biology curriculum and their 
perspectives on various topics units taught in the discipline.  Even after you agree to participate 
in the study, each individual teacher’s consent will be sought.  I assure you that your institution’s 
participation will be greatly appreciated and will be the first step towards enhancing science 
education in Belize, and possibly the rest of the Caribbean. 

Due to the small number of high schools and biology teachers in the Belize, all high schools in 
the country will be asked to form part of this study.  Specifically, all 11th and 12th grade (3rd and 
4th Form) biology teachers around the country will be asked to complete the questionnaire.  
Please be advised that teachers will not have to answer any question they do not wish to 
answer.  In addition, they will not be asked to write their names on the questionnaires so that 
their responses are anonymous. Their identity will be kept confidential to the extent provided by 
law.  Results will only be reported in the form of collective data.  And, schools will not be 
penalized for not participating in the research study.  

Even after signing this form, your school will have the right to withdraw from the study at any 
time without any consequence. This study presents no known risks or immediate benefits to the 
participants.  Group results of this study will be available late in the fall 2009 semester. If you 
have any questions about this research protocol, please contact me at 1-808-854-5436 or my 
faculty supervisor, Dr. Bruce MacFadden, at 1-352-273-1937.  Questions or concerns regarding 
your participation in this research project may be directed to the IRB02 office, University of 
Florida, Box 112250, Gainesville, FL 32611, (352) 392-0433. 

Sincerely, Elvis Nunez 

I have read the procedure described above.  I ______________________ voluntarily give 
consent for my institution, _______________________, to participate in Elvis Nunez's study 
regarding high school teachers’ perceptions about biology content.  I have received a copy of 
this project's description.  
____________________________ ___________ Principal’s Signature, Date 
____________________________ ___________ Witness, Date 
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APPENDIX D 
BIOLOGY TEACHER CONSENT LETTER 

Dear Sir or Madam: 

My name is Elvis Nunez.  I am a graduate student from Belize enrolled in the Department of 
Zoology at the University of Florida.  Under the supervision of Dr. Bruce MacFadden, I am 
currently conducting research pertaining to biology content and curricula in Belize. 

The results of the study may help administrators and education officials better understand the 
importance of teaching concepts like evolutionary biology, genetics, and conservation as an 
integral part of the high school biology curricula, leading to improved curricula and instructional 
practices.  These results may not directly help your institution today, but may benefit future 
students seeking a more comprehensive science education. Today, I would like to ask that you 
participate in this research by completing a survey regarding your biology curriculum and your 
perspectives on various units taught in your discipline. Your participation will be greatly 
appreciated and will be the first step towards enhancing science education in Belize and 
possibly the rest of the Caribbean. 

Due to the small number of biology teachers in Belize, all 11th and 12th grade (3rd and 4th form) 
biology teachers around the country will be asked to complete this questionnaire.  Please be 
advised that you will not have to answer any question you do not wish to answer. In addition, 
you will not be asked to write your name on the questionnaire so that your responses are 
anonymous. Moreover, your completed survey will be placed inside a “Privacy Envelope” and 
not opened until the data compilation phase.  I assure you that your identity will be kept 
confidential to the extent provided by law.  Results will only be reported in the form of collective 
data. Schools will not be penalized for not participating in the research study.  

Even after signing this form, you will have the right to withdraw from the study at any time 
without any consequence. This study presents no known risks or immediate benefits to its 
participants.  Group results of this study will be available late in the fall 2009 semester. If you 
have any questions about this research protocol, please contact me at 1-808-854-5436 or my 
faculty supervisor, Dr. Bruce MacFadden, at 1-352-273-1937.  Questions or concerns regarding 
your participation in this research project may be directed to the IRB02 office, University of 
Florida, Box 112250, Gainesville, FL 32611, (352) 392-0433. 

Sincerely, 

Elvis Nunez 

I have read the procedure described above.  I ______________________ voluntarily give my 
consent to participate in Elvis Nunez's study regarding high school teachers’ perceptions about 
biology content.  I have received a copy of this project's description.  
 
____________________________ ___________ Biology Teacher’s Signature, Date 
____________________________ ___________ Witness, Date 
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APPENDIX E 
SURVEY INSTRUMENT 

 
Biology Teacher Survey  

 
          
Date: ___________________________ 
Time: ___________________________ 
Age:   ___________________________ 
Sex:    (M) (F) 
Ethnicity: (A) Mestizo   (B) Creole   (C) Maya   (D) Garifuna   (E) Taiwanese   (F) Caucasian   (G) Mixed   
(G) Other: ___________ 
Area of Specialization: 
___________________________________________________________________________________________ 

 
 
Section I: Please respond to the following questions as honestly as possible. 

 
1. What is your level of academic teacher 

preparation? 
1) High School 
2) A.S. / A.A. 
3) B.S. / B.A. 
4) M.S./ M.A. 

 
2. Number of years teaching? 

1) 0-2 
2) 3-5 
3) 6-10 
4) 11-20 
5) >20 

 
3. Number of years teaching Biology? 

6. 0-2 
7. 3-5 
8. 6-10 
9. 11-20 
10. >20 

 
4. What Form level do you teach? 

A. 3rd Form (11th Grade) 
B. 4th Form (12th Grade) 
C. Both 3rd and 4th Form
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Section II: For the following items, please indicate your agreement/disagreement with the 
given statements using the scale below.   
 
____________________________________________________________________________________ 
A                            B                C             D                                  E 
_____________________________________________________________________________________________ 
Strongly Agree           Agree        Undecided                   Disagree         Strongly Disagree 
_____________________________________________________________________________________________ 
 
 
____1.  Organisms existing today are the result of evolutionary processes that have occurred over 

millions of years.  
 
____2.  The theory of evolution is incapable of being scientifically tested.  
 
____3.  Modern humans are the product of evolutionary processes, which have occurred over millions of 

years.  
 
____4.  The theory of evolution is based on speculation and not valid scientific observation and testing.  
 
____5.  Most scientists accept evolutionary theory to be a scientifically valid theory.  
 
____6.  The available data is ambiguous as to whether evolution actually occurs.  
 
____7.  The age of the Earth is less than 20,000 years.  
 
____8.  There is a significant body of data that supports evolutionary theory.  
 
____9.  Organisms exist today in essentially the same form in which they always have.  
 
____10.  Evolution is not a scientifically valid theory.  
 
____11.  The age of the Earth is at least 4 billion years.  
 
____12.  Current evolutionary theory is the result of sound scientific research and methodology.  
 
____13.  Evolutionary theory generates testable predictions with respect to the characteristics of life.  
 
____14.  The theory of evolution cannot be correct, since it disagrees with the Biblical account of 

creation.  
 
____15.  Humans exist today in essentially the same form they always have.  
 
____16.  Evolutionary theory is supported by factual, historical, and laboratory data.  
 
____17.  Much of the scientific community doubts if evolution occurs.  
 
____18.  The theory of evolution brings meaning to the diverse characteristics and behaviors observed in 

living forms.  
 
____19.  With few exceptions, organisms on Earth came into existence at about the same time.  
 
____20.  Evolution is a scientifically valid theory.  
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Section III: For the following items, please circle the letter that corresponds to the BEST 
answer. 
 

21. The evolutionary theory proposed by Charles Darwin was: 
a. Change in populations through time as a result of mutations 
b. The spontaneous generation of new organisms 
c. The passing on of genes form one generation to the next 
d. Change in populations through time as a response to environmental change 
e. The development of characteristics by organisms in response to need 
 

22. The wing of a bat and the fore-limb of a dog are said to be homologous structures.  This indicates 
that:  

a. They have the same function 
b. Bats evolved from a lineage of dogs 
c. They are structures which are similar due to common ancestry 
d. The limb bones of each are anatomically identical 
e. They have a different ancestry but a common function 
 

23. Using radioactive dating techniques, the first life seems to have appeared on the earth about:  
a. 10 thousand years ago 
b. 270 million years ago 
c. 3.3 billion years ago 
d. 4.5 million years ago 
e. 10 billion years ago 
 

24. Which of the following phrases best describes the process of evolution? 
a. The development of man from monkey-life ancestors 
b. The change of simple to complex organisms 
c. The development of characteristics in response to need 
d. The change of populations through time 
e. The change of populations solely in response to natural selection 

 
25. Marine mammals have many structural characteristics in common with fishes.  The explanation 

that evolutionary theory would give for this similarity is: 
a. Fish and mammals are closely related 
b. Fish evolved structures similar to those already existing in mammals 
c. Marine mammals evolved directly from the fishes 
d. Marine mammals never developed use of limbs 
e. Marine mammals adapted to an environment similar to that of the fishes 

 
26. An alternation in the arrangement of nucleotides in a chromosome, possibly resulting in either a 

structural or physiological change in the organism, is called: 
a. Genetic drift 
b. Gene flow 
c. A mutation 
d. Natural selection 
e. A recessive gene 
 

27. It is thought that there was a rapid evolutionary rate once animal life invaded land from the 
oceans.  The explanation given for this rapid evolution is: 

a. There were many potential habitats for new forms to fill 
b. The land was a perfect haven for life 
c. There were many climatic changes occurring at the time 
d. Radiation from the sun caused mutations 
e. The ocean was too stable and limited to allow for evolution to occur 
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28. The first animals to settle on land probably had which one of the following characteristics? 
a. They were quite mobile to escape from predators 
b. They were partially dependent upon water for survival 
c. They were capable of completely adapting to the terrestrial environment in their life span 
d. They had wings for flight from one habitat to another 
e. They were quite adept at feeding on specific terrestrial plants 

 
29. Two islands are found in the middle of the Pacific Ocean, isolated from any other land mass.  

These two islands were at one time connected by a land bridge and are of recent origin.  They 
have identical plant and animal life and are separated by 50 miles of ocean.  Assuming different 
selection pressures, which of these island populations would be most likely to be reproductively 
isolated, possibly allowing for species divergence? 

a. Dandelions, with airborne seeds 
b. Coconuts with floating seeds 
c. Birds 
d. Butterflies 
e. Mice 
 

30. The population of Florida panthers has been drastically reduced by the actions of man.  Which of 
the following most likely threatens their ability to continue to evolve in response to the pressures 
of their environment: 

a. There is no longer the prospect of over-reproduction 
b. There is no longer the prospect of a struggle for limited resources 
c. There is a lack of genetic variation for selection to act upon 
d. There is no longer the prospect of a trait conferring a reproductive advantage 
e. There is no longer the prospect of genetic drift occurring 
 

31. A sudden major climatic change would most likely result in: 
a. A rapid increase in adaptive radiation 
b. A rapid increase in extinction rates 
c. A sharp increase in numbers of species 
d. An increase in mutation rates 
e. Plants and animals developing new characteristics in order to cope with environmental 

changes 
 

32. The most compelling evidence for large-scale evolutionary change or macroevolution is: 
a. Kettlewell’s release-recapture experiment with peppered moths 
b. The fossil record 
c. The occurrence of mass extinctions 
d. Domestication of plants and animals 
e. The observed increase of mutation rates across all species 

 
33. When first proposed, Darwin’s theory of natural selection did not fully explain how evolution could 

occur.  This was due to: 
a. Darwin’s failure to recognize the tendency of organisms to over-reproduce 
b. Darwin’s initial overemphasis of the significance of genetic drift 
c. The fact that accurate mechanisms explaining genetic inheritance were not widely known 
d. The absence of accurate description of the embryological development of most plants 

and animals 
e. The absence of biochemical techniques to determine the genetic similarities between 

species 
 

34. The presence of tropical rainforest fossil forms in Canada can best be explained by: 
a. A shifting of environmental requirements by these types of species 
b. A major climatic shift of the Earth 
c. A drifting of continents in a northward direction 
d. An uplifting of lowland areas 
e. A long-term constance of climate 
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35. Individuals within a species tend to be genetically different. The primary mechanism generating 

this individual variability is:  
a. Meiosis 
b. Mitosis 
c. Polyploidy 
d. Duplications 
e. Asexual reproduction 
 

36. The extinct species Archaeopteryx has characteristics of both birds and reptiles.  This is an 
example of a(n): 

a. Convergent species 
b. Trace fossil 
c. Archetype 
d. Intermediate form 
e. Polymorphic species 

 
37. The earliest fossils found in the geologic record are: 

a. Fungi 
b. Bacteria 
c. Small photosynthesizing plants 
d. Seed plants 
e. Protozoa 
 

38. Radiometric dating techniques rely on the fact that: 
a. The bony portions of organisms decompose at known rate 
b. Organisms which lived earlier in time will tend to be found in sediments below organisms 

which lived more recently 
c. The magnetic field of the earth has reversed its polarity at the known time intervals in 

geologic time 
d. The earth contains elements which change into other elements at a constant rate 
e. During the decomposition process organic matter is converted into radioactive elements 

at a known rate 
 

 
39. Which of the following best represents Lamarck’s ideas of evolutionary process? 

a. Survival of the fittest 
b. Inheritance of acquired characteristics 
c. Neutral drift 
d. Punctuated equilibrium 
e. Assortive mating 
 

40. Which of the following is not a part of Darwin’s theory of natural selection? 
a. Individuals of a population vary 
b. Organisms tend to over-reproduce themselves 
c. There are limited resources for which individuals compete 
d. Modifications an organism acquires during its lifetime can be passed to its offspring 
e. Variations possessed by individuals of a population are heritable 

 
41. The life histories of five birds of the same species are listed below.  The most evolutionally 

successful bird is the one that: 
a. Lives 5 years, lays 12 eggs in a lifetime, 4 hatch 
b. Lives 2 years, lays 8 eggs in a lifetime, 5 hatch 
c. Lives 6 years, lays 2 eggs in a lifetime, 2 hatch 
d. Lives 4 years, lays 7 eggs in a lifetime, 6 hatch 
e. Lives 5 years, lays 4 eggs in a lifetime, 3 hatch 
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Section IV:  Please respond to the following questions as honestly as possible. 

 
5. What percentage of the content in your biology syllabus is taken from the CSEC biology syllabus?  

 
_____________________________________________________________________________ 
 

6. Do you currently teach evolution in your biology classroom?               Yes  No 
If so, do you teach it as a unit or overarching theme? 
 
_____________________________________________________________________________ 
 

7. What biology textbook do you use? 
 
_____________________________________________________________________________ 
 

8. Are you satisfied with the treatment of evolution in your course textbook?    Yes               No 
If No, why not? 
                
____________________________________________________________________________ 
 
 

9. Do you feel well prepared to teach concepts in evolution?      Yes  No 
If No, what would help you be better prepared?  
 
_____________________________________________________________________________ 

 
 
10. To what extent should we care about the theory of evolution?  

 
_____________________________________________________________________________ 
 

 
 

THANK YOU FOR YOUR TIME AND SUPPORT 
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