
Ontological knowledge structure of intuitive biology

Item Type text; Dissertation-Reproduction (electronic)

Authors Martin, Suzanne Michele

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:49:58

Link to Item http://hdl.handle.net/10150/290010

http://hdl.handle.net/10150/290010


ONTOLOGICAX KNOWLEDGE STRUCTURE 

OF INTUITIVE BIOLOGY 

by 

Suzanne Michele Martin 

Copyright © Suzanne Michele Martin 2003 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF EDUCATIONAL PSYCHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

2 0 0 3  



UMI Number: 3119965 

Copyright 2003 by 

Martin, Suzanne Michele 

All rights reserved. 

INFORMATION TO USERS 

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

UMI 
UMI Microform 3119965 

Copyright 2004 by ProQuest Information and Learning Company. 

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code. 

ProQuest Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



THE UinVERSITT OF AB.IZONA ® 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by Suzanne liichele ?lartiii 

entitled Ontological Knowledge Structure of Intuitive Biology 

and reconnnend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

Janice Streitmatter Dace 
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ABSTRACT 

It has become increasingly important for individuals to understand infections 

disease, as there has been a tremendous rise in viral and bacterial disease. This research 

examines systematic misconceptions regarding tiie characteristics of viruses and bacteria 

present in individuais previously educated in bioiogical sciences at a college level. 90 

pre-nursing students were administered the Knowledge Acquisition Device (KAD) which 

consists of 100 Trae/False items that included statements about the possible attributes of 

four entities: bacteria, virus, amoeba, and protein. Thirty pre-nursing students, who 

incorrectly stated that viruses were alive, were randomly assigned to three conditions; (1) 

exposed to information about the ontologicai nature of viruses, (2) Information about 

viruses, (3) control. In the condition that addressed the ontologicai nature of a virus, all of 

those participants were able to classify viruses correctly as not alive; however any items 

that required inferences, such as viruses come in male and female forms or viruses breed 

with each other to make baby viruses were still incorrectly answered by all conditions in 

the posttest. It appears that functional knowledge, ex. If a virus is alive or dead, or how it 

is structured, is not enough for an individual to have a fall and accurate understanding of 

viruses. Ontologicai knowledge information may alter the functional knowledge but 

underlying inferences remain systematically incorrect. 
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CHAPTER 1 

INTRODUCTION 

A growing cognitive literature attests to the prevalence of misconceptioa, 

misunderstanding, and major gaps in knov/iedge exhibited by the scientifically naiVe, 

including children, adolescents and untutored adults (Halloun & Hestenes, 1985; Lawson 

& Thompson, 1988). These misconceptions, which are incompatible with scientific 

principle, can interfere with the acquisition of information in the sciences, with the ability 

to engage in scientific reasoning, and thus with the achievement of scientific literacy by 

the general populace. Robust misconceptions such as this have been documented in the 

arenas of physics (Caramazza & McCloskey, 1987; Kaiser, McCloskey, & Proflitt, 1986; 

McCloskey, Washburn, & Felcli, 1983; Proffitt, Kaiser, & Whelan, 1990). chemistry 

(Rosser, Streitmatter, Stevens. & Martin, 2003; Wiser & Amin, 2001). and biology 

(Rosser, 2003). Rather than being idiosyncratic, scientific misconceptions emerge as an 

alternate conceptual framework for the interpretation of natural events. Moreover, some 

of these naive frameworks are not unlike accepted explanatory systems from earlier 

historical times (McCloskey, Washburn, & Felch, 1983). The origins of these 

frameworks may be identified in the innate ways humans construe the world, in the 

intuitive theories on which common sense reasoning about natural phenomena is built 

(Gopnik & Meitzoff, 1997; Gopnik & Wellman, 1994; Keil, 1992; Springer, 1990; 

Wellman & Gelman, 1992). A conceptual framework, rooted in intuition or formal 

scientific discipline, provides a way to interpret new information. When intuition 

provides such a framework, it can act as a naive form of information bias, as prior 
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kno-wiedge, that helps us "make sense" of experieBce ia the world. Intuition-derived 

frameworks that are commonly held across individuals couid very well result from our 

shared cognitive legacy, i.e., cognitive capacities originating in species-t>pical adaptation 

(Barkow, Cosmides, & Tooby, 1992; Cosmides & Tooby, 1994; Rosser & Chandler, 

1995). 

For theoretical and practical reasons, biological knowledge, particularly the 

knowledge of the viruses and bacteria that underlie infectious disease is the chosen target. 

The reason for the focus on viruses and bacteria is both theoretical and practical. On the 

theoretical side, prior research indicates that even the young have intuitive, autonomous 

"theories" about biology (Inagaki & Hantano, 1996; Keil, 1992) and specifically about 

contagion that, while functional and adaptive, may depart importantly from a scientific 

understanding (Au, Sidle, & Rollins, 1993; Hantano & Inagaki, 1994; Kalish, 1996, 

1999; Keil & Lockhart, 1999; Keil, Levin, Richman, & Gutheil, 1999). We have found 

that adolescents and adults do not understand much about the nature of infectious disease, 

other than in a rudimentary fashion, and have little understanding of the nature of 

disease-causing entities (Rosser, Streitmatter, Stevens, & Martin, 2003; Rosser, 

Streitmatter, Martin, & Sudderth, 2003), though they primarily remain unaware of the 

incompleteness of their knowledge, the extent of their misconception, and their lack of 

explanatory depth (Ahn & Kalish, 2000; Rozenbilt & Keil, 2002). Characterizing this 

commonsense knowledge system has implications for our understanding of intuitive 

theories generally, mechanisms of learning relevant to the acquisition of knowledge in 
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science, arid of possible constraints or iiiTiitatio"iis on the ability of the non-scientist to 

process biological information. 

On the practical side, in the last decade or so, Americans have become 

increasingly exposed to information about infectious disease related to viruses and 

bacteria and must engage in health-related decision making for which they need relevant 

information. Infections disease rates have risen substantially in the United States and 

worldwide (Boresteia, 2003). Since 1980, the death rates due to infectious disease have 

doubled, making it the third leading cause of death (Boresteia, 2003: Levine, 1996). 

Fifteen hundred people die each hour from infectious disease and more than half are 

children under five (Health Education Alliance for Life and Longevity, 2000). Influenza 

and other respiratory viruses now cause deaths in the range of 50,000 to 70,000 per year, 

a tremendous increase from the average of 20,000 per year in the 1970s (Thompson et al., 

2003). The two main types of germs responsible for the increase in infections are viruses 

and bacteria. Some of these new viral diseases are Sars, HIV/AIDS, HPV, West Nile 

Virus and Ebola. It appears many of these diseases originate in anim^als and jump species 

to humans. Additionally, several of these "new diseases" are actually versions of old 

diseases that have evolved out of a resistance to antibiotics. As an example, SARS is the 

newest virus emerging on the world scene in February 2003. As of July 2003 there were 

more than 8,400 SARS cases reported and 800 deaths as a result (Center for Disease 

Control, 2003). New and deadly viruses are given immediate research attention, more so 

than they were in the past. Due to the quick transfer of information on the internet and 

change in political climate, the speed at which SARS was genetically coded took 7 
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weeks; this coding took three years v/itli the AIDS virus (Jernigari, Solomon & Cardo, 

2003). 

As another example of the multitude of messages individuals are receiving 

regarding infections disease, worldwide attention has recently been brought to the 

HIV/AIDS epidemic. If al! other factors remain constant, there will be an estimated 45 

miilion new HIV infections by 2010 (Bill and Melinda Gates Foundation, 2003). Popular 

musicians, such as Sting, lobbied the United States government to pay attention to the 

devastating effect of HTV/AIDS in developing countries. In April 2003 President Bush 

asked congress to pass a $15 billion initiative to fight the spread of AIDS in Africa (Bash, 

2003). AIDS prevention funding will affect countries like Haiti, which has the highest 

rate of HIV in the western hemisphere, causing a decrease in life expectancy with men 

living an average of 47.8 years and women at 51.8. Forty percent of hospital admissions 

in Haiti were HIV related in 1995 (Farmer, 2003). Though there are devastating effects 

from HIV/AIDS in developing countries, the United States is also battling the vims. 

Following a decline in HIV diagnosis from 1994 to 1994, the US is now seeing a rising 

trend in diagnosis since 2001 (Valdiserri, 2003). What poses further alarm is that an 

estimated 280,000 people in the US may be unaware of their positive HIV status 

(Valdiserri, 2003). 

Another virus, which has currently been linked with a deadly cancer in women, is 

the Human Papillomavirus (HPV). HPV has been found to be a precipitating factor for 

cervical cancer (Cothran & White, 2002). More than 5 million cases are identified 
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worldwide each year (Cmm, 2002). In the United States there wit! be approximately 

13,000 new cases of cervical cancer this year and about 4,000 deaths as a result (Sanders 

& Taira, 2003). A vaccine against HPV is estimated to reduce cervical cancer by at least 

85% and has proven cost effective in comparison to other generally accepted nationa! 

vaccinations (Kulasingam & Myers, 2003). Yoimg women need to be educated regarding 

this STD and cancer. 

In addition to the widely publicized deadly viruses, attention needs to be paid to 

the increasing antibiotic resistant strains of bacteria. Adding to the issues of increases in 

infectious diseases is a growing concern with antibiotic resistant strains of bacteria. 

Antibiotic resistance has increased as a consequence of incorrect antibiotic use. This 

includes (1) not completing the fail prescription given by a doctor, thus allowing the 

body to develop a resistance against that strain of bacteria and (2) use of antibiotics when 

they cannot have an effect, as in the use of antibiotics to treat a virus. There is 

overwhelming evidence of a link between antibiotic use and the rate of anti-microbial 

resistance in the community (Melander, Ekdahl, Jonsson, & Molstad, 2000). When 

resistance develops, an antibiotic is not able to kill the bacterial germs causing the 

infection. And the consequences: infections nrny last longer and get worse even if 

antibiotics are prescribed. Every time an antibiotic is taken or used incorrectly, there is 

an increased likelihood of acquiring an illness resistant to antibiotics. 

In order to change individual cognitions regarding antibiotic resistance, the Center 

for Disease Control began an educational campaign in 1995 to fight antibiotic resistance 
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(Center for Disease Control, 2002). The targets of this campaign are both patients and 

physicians, since aa estimated one third of 150 million aatibiotic prescriptions are 

uimecessary (Center for Disease Control, 2002). Additionally, some doctors are 

overprescribing newer broad spectrum aotibiotics that not only cost 5 to 10 times as much 

as other available versions but in addition may not be anymore effective than the narrow 

and less expensive options (Consumer Union of the United States, 1998). The reasons 

for over-prescribing antibiotics may be related to doctors time pressures and patient 

pressures. For instance, doctors feel pressure from parents to prescribe medication at 

every office visit and there is an ease to writing a prescription versus explaining the 

differences between viral and bacterial infections (Freimuth, Linnan, & Potter, 2000). 

When a child is seen by a doctor for a respiratory tract infection, there is an 80 to 90% 

chance that he or she will receive an antibiotic prescription, even though many 

respiratory tract infections are caused by viruses (Humphrey, 2002). There are 

indications that, if parents understood why drugs were not prescribed, they would not 

routinely insist on antibiotics (Freimuth, Linnan, & Potter, 2000). Patient misuse and the 

ease of access to antibiotics is facilitating antimicrobial resistance (Larson, Lin, & 

Gomez-Duarte, 2003). 

Another new concern related to infectious disease is that related to biological 

weaponry. Since the events of September 11th, public health worldwide is endangered 

due to the potential use of biological warfare. Currently, 17 nations maintain biological 

warfare programs (Institute ofMedicine, 2003). Not only is there high potential for 

biological warfare high but there is also concern for the safety standards regarding 
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biological weapons, as an accident could results in high mortalities. In a report from the 

Institute of Medicine (2003), urgency was placed on the need for better strategies and 

tools to tackle infections disease. Bioterrorism, drug resistant bacteria, parents 

complacency in vaccinating their children, and lack of understanding of infections is 

undermining United States battle against infectious disease. (Health Education Alliance 

for Life and Longevity, 2000). 

Many of these new diseases are of particular relevance to the health of 

adolescents, since it is these individuals who are at high risk for infection with sexually 

transmitted diseases, such as HIV and HPV. Rates of infection with sexually transmitted 

diseases are higher among adolescents and young adults than any other age group, in part 

due to alcohol and drug use and lack of condom use (Institute of Medicine, 1995). 

Between 1991 and 2001 there was an increase in sexual activity after alcohol or drug use 

from 22% to 26%. Additionally, only 58% of sexually active students report the use of 

condoms (Center for Disease Control, 2002). It is possible that this risk behavior may be 

connected to the lack of knowledge of the disease in addition to failure to protect 

themselves through the prescribed methods suggested by the Center for Disease Control 

to remain disease free. If adolescents had a better understanding of how the underlying 

mechanisms of virus such as HIV and HPV functioned, would infection rates decrease? 

To date, a substantial number of youth do not understand the underlying 

mechanisms behind a specific virus, let alone the underlying mechanisms behind viruses. 

This lack of general knowledge may result in misunderstandings of HIV/AIDS 
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transmission and what actions are necessary to protect oneself from acquiring a particular 

virus. In a shocking new finding, a United Nations report released July 2, 2002, reports 

that most of the world's young people have no idea how Hiy/AIDS is transmitted nor 

how to protect themselves from the disease. Currently, there is one teen infected with 

HIV each hour (Szekeres, 2000) and possibly 25% of an estimated 40,000 new HIV 

infections in the United States each year are in the age group of 13 to 21 year olds 

(Szekeres, 2000). Half of new HIV cases in the United States are in people younger than 

25, but correct diagnosis is challenging indeed as they may be asymptomatic for the first 

10 years (Hein,1990). Most will appear healthy and thus there is no impetus to be tested 

so the HIV goes undetected for some time. Even when teens are aware of their HIV 

status, they often do not receive the care they need nor do they make other sexual 

partners aware of their status (Szekeres, 2000). Young women are especially at risk for 

HIV contraction as evidenced by the fact that girls make up 90% of AIDS cases 

diagnosed before age 20. 

One possible tack for addressing this problem is to change the knowledge base of 

the genera! public about infectious disease. But it can be enormously challenging create 

a scientifically literate public in order to control epidemics. Knowledge and 

understanding of the transmission of viruses and bacteria is a necessary, if not sufficient 

condition to understanding prevention messages. However, health messages alone are 

often ineffective at changing behavior that might lead to the contagion of viruses or the 

overuse of antibiotics. One reason for that fact is that health campaigns tend to focus on 

prevention, moderation or intervention of practices rather than affecting cognition and the 
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general education about biological process (lessor, 1992). For example, the tobacco 

industry is thriving even though most people have acquired the knowledge thai smoking 

may increase theii rates of dying from lung cancer (Hoitgrave, Tinsley, & Kay, 1995). 

The emphasis of health campaigns has not started with educating the public regarding 

basic biological issues. Instead, health campaigns generally focus on specific behaviors, 

either prevention of an unhealthy behavior, i.e. don't smoke or don't take drugs, or 

adoption of a healthy behavior, i.e. get immunized or use condoms. These types of 

campaigns do not generally delve into explanations of biological cellular level 

functioning. 

As another example of the limited effectiveness of health campaigns, the United 

Kingdom implemented an extensive eighteen million dollar campaign involving multiple 

phases. The first step was a leaflet titled "AIDS: Don't Die of Ignorance" in combination 

with a fear based television campaign including main methods of HIV transmission and 

at risk populations. This step of the campaign was meant for the entire United Kingdom, 

with a goal of educating the entire population on HIV, to provide general awareness. The 

second step was a campaign targeted at IV Drug users because this was such a high risk 

group. This campaign included information regarding the use of needles and the high 

transfer rate of HIV through drug use involving needles. The third target group was 

heterosexuals and focused on the behavior of condom use. Unfortiomteiy, the campaign 

showed little effectiveness in a random survey of the population on HIV and AIDS 

knowledge (Sherr, 1987). The health campaign successMly increased knowledge about 

the key methods of transmission and about the groups at greatest risk but there was still 
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considerable misuBderstanding about HIV/AIDS in the general public. Sherr (1987) 

found considerabty misunderstandings about HIV/AIDS have persisted among a large 

proportion of the general pubic. There was no change in misconceptions of HIV and 

AIDS. Biitian has managed to inform but not educate because there was no apparent 

change in ievel of anxiety, fear, outrage and sympathy regarding AIDS/HIV. 

Additionally, and most importantly, the British population did not understand the greatest 

risks involving HIV/AIDS. Just addressing issues regarding transmission do not change 

behaviors. A necessary educational piece may be the understanding of viruses in general 

before addressing the issues of transmission and behavior. 

The United States was facing similarly ineffective and possibly counterproductive 

health messages, like the United Kingdom. In the United States, anti-stigma health 

campaigns may have actually fostered transmission of HIV. AIDS patients were shown 

near death, in hospital settings, to increase sympathy for HIV/AIDS patients and 

awareness of the illness. Though it succeeded with the sympathy and awareness goals, it 

contributed to the idea that one can recognize an unsafe partner. Media coverage 

depicting AIDS patients near death has actually decreased HIV prevention activities such 

as using condoms. It has given Americans the idea that they can recognize risky partners, 

thus overshadowing the factual knowledge that one cannot recognize a person that is HIV 

positive (Metts & Fitzpatrick, 1992). Later campaigns made an attempt to counteract this 

message which such slogans as "You know if you are using a condom or you're not. You 

don't know if you're picking the right partner" (Heterosexual AIDS, 1988). 
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Knowledge is a necessary conditioB to change behavior but cMldren, adolescents 

aad even their parents are lacking rudimentary scientific kaowledge, particularly when it 

comes to knowledge about viruses and bacteria. Indeed, even those exposed to 

knowledge about viruses do not aecessariiy understand much about the nature of viruses 

or how they operate. One reason that viruses are widely misunderstood, regardless of 

scientific education, is possibly due to their ontological ambiguity. Ontologica! 

categories represent a hierarchy of the fimdamental divisions in the world., One of the 

earliest distinctions people make about things in the world is the distinction between 

"LIVING "and "NON-LIVING" things. Viruses, are not alive, thus should not be placed 

in the "LIVING'" category. A virus can enter a living cell but is not itself alive. As 

defined by Merriam- Webster Online Dictionary (2003), 

. . .  A  v i r u s  i s  " a n y  o f  a  l a r g e  g r o u p  o f  s u b m i c r o s c o p i c  i n f e c t i v e  a g e n t s  t h a t  a r e  
regarded either as extremely simple microorganisms or as extremely complex 
molecules, that typically contain a protein coat surrounding an RNA or DNA core 
of genetic material but no semi-permeable membrane, that are capable of growth 
and multiplication only in living cells, and that cause various important diseases 
in humans, lower animals, or plants. 

By uncritically and naively inserting viruses into the "LIVING" category, many 

characteristics applicable to living entities are intuitively generalized to viruses, which 

most untutored individuals are apt to do. This potentially renders learning and 

understanding the properties that actually do characterize viruses a difficult task. 

Understanding viruses possibly affects any subsequent changes in behavior 

related to contagion. However, the intuitive understandings that people carry with them 
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may interfere. To affect behavior, one must first acquire relevant information and be able 

to connect it with something that is already knov/n (Au & Romo, 1996). Intuitive 

theories concerning how viruses and bacteria fiinction may negatively affect the 

acquisition of new pertinent information atout viruses and bacteria and perhaps even 

hinder scientific classroom learning. For example, though not a biological one, prior 

knowledge can impede learning about complex and counter intuitive physical phenomena 

such as electricity, sound and light. 

Rosser and Narter (1995, 1998) found that people tend to "overphysicalize" these 

non-object entities and categorize them into the area of PHYSICAL THING, when they 

are in fact, not physical and should have been categorizedin the NON-PHYSICAL 

THING category. Due to this incorrect category assignment, there may be interference 

with the acquisition of technical information taught in schools. Individuals extend 

objects physical properties to things that do not have object properties, thus drawing 

inappropriate inferences, e.g., that entities such as sound take up space. People may 

depend on their intuitive understandings of objects and substances to understand all 

physical concepts. Additionally, it has been observed that people display a false sense of 

imowing the right explanations for complex phenomena (Rosenblit & Keil, 2002). 

Individuals are often not aware of the incompleteness of their theories. In fact, they are 

quite confident that their theories regarding complex phenomenon are accurate. Due to 

this overconfidence, they do not search for alternative explanations and therefore do not 

look at possible alternatives for explaining phenomenon (Ahn & Kalish, 2000). 
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One of the deficits people have in their knowledge of microbes concerns the 

details of structures about these entities. Untutored individuais tend not to be aware for 

example that while bacteria are alive, viriases fall somewhere between LIVING and 

NON-LIVING and are not classified as iiving entities by biologists. Bacteria multiplies 

tiirough the process of mitosis while viruses amplify by entering ceils, copying 

themselves from the raw materials in the cell Additionally, the structure of bacteria is 

basically cellular in contrast to that of viruses. 

Research suggests that children, adolescents, parents and even health staff 

experience difficulty distinguishing viruses and bacteria. One of the greatest challenges 

in public health messages is that even in the most advanced educational systems children 

learn little regarding viruses and infection (UNESCO, 2000). There are nearly a billion 

individuals who cannot read, and many more people who are not educated on scientific 

issues, that will be difficult to teach the facts on the topic of viruses and bacteria. 

Without a general understanding of basic biology, information about the technical details 

of viruses and bacteria, infection and contagion would be difficult to comprehend. 

Science educators are aware of children's lack of viral and bacterial knowledge as 

evidenced in the National Science Education Standards (1995) for children in 

kindergarten through fourth grade (National Academy of Sciences, 1995): 

Teachers should be aware of the concepts that elementary school students 
have about health. Most children use the word "germs" for all microbes; 
they do not generally use the words "virus" or "bacteria," and when they 
do. they do not understand the difference between the two. Children 
generally attribute all illnesses to germs without distinction between 
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contagious and Bon-coriagious diseases and without understanding of 
organic, functional, or dietary diseases. Teachers can expect students to 
exhibit little understanding of ideas, such as different origins of disease, 
resistance to infection, and prevention and cure of disease. 

According to the CDC, many people do not understand that viruses cause colds 

and flu. It is thought that if people understood antibiotics do not fight viruses there 

would be a large reduction in the over prescription of antibiotics (Aiken, 2000). Parents 

have major gaps in their understanding of viruses, bacteria and antibiotic use (Collet, 

Pappas. Evans & Hayden, 1999). Sixty-three percent of parents do not know that 

antibiotics do not kill viruses (Collet et al, 1999). Additionally, 33% thought that virus 

causes strep throat, which is in fact a bacterial infection (Collet et al., 1999). A higher 

number of parents, 70% knew antibiotics kill bacteria but 60% were unaware of the 

concept of antibiotic resistance nor how resistance occurs (Collet et al., 1999). A report 

composed by the National Science Foundation (NSF) conveys the state science 

understanding, research, education and investment. According to the NSF report, a 

majority of adults, 51%, believed that antibiotics kill viruses as well as bacteria (Recer, 

2000). The CDC's campaign encourages doctors to educate their patients on the 

differences between viral and bacterial infections (Aiken, 2000). 

Educating the health care community regarding viruses and bacteria poses 

similar issues as does educating the general public. Hospital and medical staff 

display fear of contagion—similar to that we find in preschool children-

associated with HIV/AIDS. Hospital and medical staff who gave correct answers 

regarding the transmission of HIV thought people with HIV should not be 
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wofkiag in the food iridiistry or handiiBg food. SutprisiBgly, there were three 

doctors among the 40% who reverted to a contagion idea regarding the 

transmission of HIV, rather than basing a decision on the scientific facts related to 

biological risks (Markova, Wilkie, & Forbes, 1988). 

College students were also found to have limited understandings of viruses 

and bacteria. In an examination of the understanding of infectious disease and 

conceptions of viruses and bacteria, college students were found to have 

surprisingly limited understanding (Rosser, Streitmatter, Stevens et al, 2003). 

Most of the students appear to construe the concept of a germ theory, where it is 

little "bugs" that get from one infected person to infect another, via physical 

contact. Though students display reasonably good functional knowledge and of 

contagion, i.e. whether an illness is likely to be acquired in a particular 

circumstance, knowledge and understanding of the mechanisms underlying the 

contagion process were lacking. Basically, their knowledge was superficial, with 

virtually no comprehension of the nature of viruses, little of bacteria, and no 

evidence of comprehension about the differences between viruses and bacteria. In 

another study, using high school and college students, a majority classified 

viruses as living things and attached properties of living things to them (e.g., 

"viruses move, grow, eat and mate," "viruses are alive because you can kill 

them") (Rosser, Streitmatter, Stevens et al., 2003). These conceptions of viruses 

cannot be driven by any biological knowledge they have learned in a classroom as 

such content would not have been directly taught. These concepts about viruses 



must originate from some other place than a classroom or scientific work. Adult 

conceptions of viruses and bacteria resemble ideas of general uiiderstandings of 

contagion that preschool age cMMren grasp. These incorrect assumptions 

regarding viruses and bacteria do not prepare the population to deal with the rise 

in today's deadly viral and bacterial risks. Contamination ideas do not suffice in 

prevention of the spread of rising infectious disease worldwide. 

This paper will focus on understanding the systematic misconceptions 

regarding viruses and bacteria. Intuitive knowledge theories regarding biological 

mechanisms may account maybe hinder the acquisition of accurate information 

regarding viruses and bacteria. Possible ways to correct these misconceptions 

will be examined through the exploration of addressing a potential cognitive 

change mechanism, the ontological knowledge stracture, in particular the living 

and non-living categorization. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

The following review will cover some genera! aspects of biochemistry, so 

the accurate facts regarding viruses and bacteria can be separated from the 

misconceptions of viruses and bacteria. These entities will be discussed to in 

terms of ontological knowledge and at the level of intuitive theories. The role and 

origins of intuitive theories in the understanding of natural phenomenon in terms 

of intuitive physics, intuitive biology and mind will be explored. Theories of 

conceptual change and ontological change will be set forth. Finally, the domain 

of science literacy and knowledge of viruses will be examined. 

In terms of some basic biochemistry, adolescents tend to lump microbes together 

under the generic term "germ", basically using the metaphor "little bug" as the 

conceptual category for unseen entities associated with disease. Characteristics of "bugs" 

are generalized to "germ." Bacteria and viruses are grouped together under the 

subordinate term and are left undifferentiated, their common attribute—causing disease 

in humans—fonctioaing as the defming attribute. In fact, the two entities are different. 

Viruses are bits of genetic material—either DNA or RNA depending on the specific virus 

type-—encased in a protein coating. Other than that genetic material, viruses do not have 

any of the other structures associated with living cells (e.g., a nucleus, cellular 

membranes, mitochondria, etc.), thus they cannot carry out any of the functions of cells— 



except tliey can replicate. The protem coating enables the virus to enter a specific liviEg 

cell, to essentially "hijack" the material in the ceil, and to replicate the virus's genetic 

information, to varying degrees of harm to the ho-st cell. Viruses do no "reproduce" in 

the sense of mitosis; they "replicate" or "amplify" in the sense of copying their genetic 

bit and exiting the ceil. They are not living entities in the usual sense but are something 

between living and non-living; indeed most biologists would consider them non-living 

entities. If indeed they are not living, they cannot be "killed" in the way we would 

intuitively construe death as the cessation of biological processes, the interruption of 

cellular processes. Adolescents (and most untutored adults) do not understand the 

structure of a virus or how it differs from both bacteria and normal cells; they infer that 

viruses are living and can be killed, though the later might be difficult because the 

microbe is so "strong". If one does not know what the entity is or how it behaves and 

functions, it would be difficult to make inferences about disease transmission and 

contagion. 

Viruses and bacteria are part of an individuals knowledge of what exists in the 

world, their ontological knowledge. People bring an organization to the objects, things 

and elements in their world, an ontological knowledge structure. This ontological 

knowledge structure can be visualized as a hierarchy of categories representing the 

fundamental divisions in the world (Keil, 1991). Keil purports that this hierarchy grows 

and elaborates over one's lifetime. This organization among the categories of entities 

forms the underlying ontology on which a theory is constructed (Rosser, 1994). This is a 

constraints approach to cognitive development; the hierarchies of adults and children are 
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constraiaed in the same way so that some categories and classes are ia,variant. For 

example, the first node in this hierarchy is the two categories, living and non-living 

things; this structure is the same for individuals across age and cultures (Atran, 1998; 

Keii, 1992). Carmazza and Sheiton (1998) have provided some neurological evidence for 

the living and non-living distinction. 

Cognitive status has two components that may play a role in the processing of the 

biological facts of viruses and bacteria, domain general cognition and domain specific 

cognition. Domain general capabilities include broadly applicable and wide range 

capacities, such as problem solving. As one ages, one is said to become more adept at 

using domain general capabilities in the area of science education (Germann, 1994). For 

example, science students are more able to generalize a phenomenon in multiple 

situations). Domain-specific thinking is limited to a particular concentration (Keil, 

1989). For example, one might be excellent at learning multiple languages but not 

proficient in physics. Even, naive theories of biology, physics or the mind, may be 

construed as domain-specific (Rosser, 2003). 

Cosmides and Too by (1994) propose an evolutionary argument for these types of 

domain specific capacities. Looking at the principles from evolutionary biology they 

examine research on the structure of the human mind. From an evolutionary standpoint, 

humans have adjusted and attuned to the environments in which they evolved. There are 

multiple examples of children coming to the table equipped with innate abilities. 

According to Cosmides and Too by (1994), different "crib" sheets are necessary for 
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different realms. In the realm of iatuitive physics, we see evidence of object knowledge 

(Baiiiargeon, 1986). This is evoiutionaxily adaptive because it allows us to maneuver 

within our eiivironiiieiits more safely. We do things liie stop short consistently when 

driving because we innately know that two objects cannot be in the same place at the 

same time. Language acquisition is constrained by such processes as the whole object 

constraint (Markman, 1989). This type of constraint allows iis to identify the labels to 

objects in the environment at a rapid pace. Intuitive biology also has evolutionary 

adaptation value. An intuitive biology allows a child to make predictions of behavior of 

biological entities, helps in the rule learning for taking care of animals, plants and 

themselves, and aids in the understanding of biological phenomena (Hantano & Inagaki, 

1994). 

Origins of an intuitive biology can be seen in the animate-inanimate distinction, 

ideas of contagion, inheritance, essences and categories. Preschool children understand 

that they can get sick from playing with a sick friend and they can get sick from dirty 

food (Kalish, 1996). They have mastered the core concept of germs; they can cause 

illness even if they are not visible. This type of intuitive biology can prevent 

consequences of illness on ones survival. Though they are unaware of the underlying 

concepts of contagion and spread of disease, they understand enough to decrease their 

odds of becoming ill In addition to intuitions about biological processes, the idea of an 

underlying core of an entity important. 

Children are able to talk about entities and processes that are not visible; they 

display a belief in an underlying "essence" responsible for outward physical properties 
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that members of a species share {Keii, 1989). Children are not fooled by perceptual 

features but rather loiderstaad the biological essence is more important iri assigning an 

entity to a particular category. Carey (1991) found children more willing to generalize 

features between a live monlcey and a worm than a live monkey and a mechanical 

monkey. Keil's transformation studies (1989) demonstrated that children are not 

perceptually bound. Children were told either biological kinds (a skunk) or artifacts (a 

coffee pot) could be transformed through a surgery or intervention. Children would not 

allow change across an ontologicai category. According to these preschool age children, 

zebras that no longer have stripes are still zebr^ and they certainly could not be 

transformed into a table. Younger children would allow living things to change into 

other living things but not allow artifacts to change into a biological thing. As they got 

older, they would not allow the transformations within the biological category. They 

were not bound by the perceptual characteristics and resisted crossing ontologicai 

categories. Additional evidence of the lack of perceptual boundedness is when 

preschoolers believe that a dog is no longer a dog if someone takes its insides out but the 

dog remains a dog if one takes off its outsides (Wellman & Gelman, 1997). A resulting 

concept from these studies is that of an underlying "essence" of a living thing. 

Internal features play a more important role in classification in ontologicai 

structure than external features. Simons and Keil (1995) ran a study with Freddy the 

Alligator. The children, ages 3-5, had the task to help Freddy figure out wtoch two items 

had the "real insides." When looking at animals, the children choose organs over 

mechanistic parts. They clearly had some understanding of what comprises the biology 
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of animals. Ahn (1998) found that the internal features are far more important for living 

things than the external features are for non-living things when categorizing. 

In addition to essence, fanction plays an important role in the classification of 

entity in the ontologica! knowledge structure. Children and adults use teleological 

reasoning, a tendency to reason about entities and events in terms of a functional purpose 

(Keleman, 2003). For example, Keii (1992) found that preschool age children would say 

that thorns were there to protect a rose, but they would not say the same for the barbs on 

barbed wire. They treat a biological entity different from an artifact. Massey and 

Gelman (1988) found that three and four year olds were able to specify which novel 

objects in photographs could move themselves up and down a MIL Even though statues 

had arms and legs, the children did not believe that they could self-locomote. 

Also, evidence of understanding of biological inheritance, displays an early 

intuitive biology. Springer and Keil (1989) examined the causal mechanisms of 

inheritance. Children understand that babies will inherit certain traits from their parents 

and that offspring will resemble their parents. Preschool age children display biological 

notions of inheritance. 

Evidence of an intuitive biology is universal. Cross cultural work regarding 

intuitive biology shows that "biological essences" are treated differently and there are 

core properties across cultures (Altran, 1987) In order to evaluate the level of presence or 

absence of biological examples, Altran compared city dwellers to non city dwellers. 

There was still an underlying biological knowledge structure within the city dwellers just 

not as elaborate as the non-city dweliers. 
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An intuitive biology appears to be used by adults, arid very similar to the child's. 

Current research suggests that individuals geEeraily understand that the entities that pass 

disease are not visible, disease conditions involve transKiission through contact with an 

iBdividuai infected by those agents and that contagion is only related to infectious 

disease. Adolescents, who have gone through basic biological training, may ansv/er 

specific questions regarding contagion correctly; however, Rosser (2003) found lack of 

explanatory depth in adults answers behind the functioning of germs and viruses. 

Participants may be able to answer correctly regarding biological facts; however, their 

causal understandings were often insufficient and incorrect. 

Intuitive theories, such as intuitive biology may lead us to misconceptions. 

Both adults and children demonstrate systematic misconceptions in physics 

understandings such as light and sound (Rosser & Chandler, 1995; Chi & Siotta, 1993). 

Perhaps it is original intuitions regarding biology that have had an evolutionary purpose 

and though they are sufficient for everyday explanatory purposes, they result in these 

systematic misconceptions related to viruses and bacteria. At one time, contamination 

understandings would have been effective at keeping one safe from certain illness. The 

new leap in infectious disease from which society is not protected through general 

contamination ideas provide a challenge for those who want to decrease spread of 

infection through education and challenge systematic misconceptions. The question 

remains as to how to induce conceptual change and counteract strong intuitive theories. 

Carey (1985) proposes a theory of conceptual change that is specific to biology. 

She poses two developmental phases. During the first phase, until age 6, the child learns 
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biological facts using an istuitive psychology. After the age of 6, the child goes through 

a process of conceptual change and develops a theory of biology. She proposes a 

qualitative shift in knowledge stracture, but just in regards to biology. Carey's theory has 

come under scrutiny as evidence for a more gradual elaboration appears. 

Kei! (1992) proposes a different perspective, that young children have an innate 

sensitivity to biological entities and processes; so much so that the first distinction in the 

ontological knowledge structure is between living and non-living entities. An intuitive 

biological theory would consist of first, understanding what is and what is not a 

biological thing, and secondly, processes related to being a biological entity. There is 

adaptive value in the differentiation of living and non-living things. When able to make 

that distinction, children can in turn apply their knowledge about living things or non

living things to that entity; thus, being cognitively efficient. The living and non-living 

distinction has been displayed as early as four months of age. Infants can differentiate a 

live hamster and a fake hamster, though identical in appearance and movement (Rosser & 

Narter, 1996). 

A possible solution to reversing the systematic misconception is to focus attention 

on the ontological category in question, the living and non-living distinction. It may be 

that the basis for misconception in science is ontological miscontruai. This research in 

particular focuses on the misconceptions surrounding virus and bacteria. In an attempt to 

make a conceptual change, the ontological misconstraal should be addressed (CM & 

Slotta, 1993). The hypotheses are as follows: 
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1. Initial question.iiig of participants will display underlying ontoiogical 

misconstrual of viruses, 

2. Initial questioning of participaats will display evidence of miiltiple systematic 

misconceptions of viruses and bacteria, 

• 3. Addressing the misconceptions of viruses at an ontoiogical knowledge level 

will improve understanding of viruses and bacteria over ail, 

4. Addressing the misconceptions of viruses at an ontoiogical knowledge level 

will help individuals differentiate between viruses and bacteria, 

5. Addressing these misconceptions of viruses at an ontoiogical level change 

knowledge at a structural level, and 

6. Addressing the misconceptions of viruses at an ontoiogical level may change 

knowledge one can make inferences regarding viruses. 
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CH.\PTER 3 

METHODS 

Participants 

The initial participant pool consisted of ninety participants. All participants were 

members of an introductory child development course at a major university in the 

Southwest United States and were approximately twenty years old. Of the original ninety 

in the subject pool, the following were eliminated: niales (n=6), biology majors (n=5), 

and those who classified virus into the appropriate ontological category (n=21). Biology 

majors were removed because they may have substantial more biological knowledge than 

the pre-nursing majors. Males were also removed because there were so few and not a 

large enough number to make a gender comparison. The remaining participants were all 

female and included pre-nursing majors, primarily sophomores, some juniors and with 

only a few seniors. Pre-nursing majors were chosen bccause of their prior kno wledge, 

their exposure to relevant health knowledge as they had already completed basic college 

level biology. All of these subjects either consistently misconstrued the ontological 

classification of the viruses or responded randomly. Thirty of these students were 

randomly selected and randonily assigned to one of three experimental conditions. 
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Materials 

Knowledge Assessment Device (Appendix A) 

Each participant completed the Knowledge Assessment Device (KAD), consisting 

of a 100 item True/False questionnaire, including statements about the possible attributes 

of four entities: bacteria, virus, amoeba, and protein v/ith twenty-five questions regarding 

each entity. The research utilized the first 50 questions, those relating to bacteria and 

viruses; the other 50 were used as distracters. The distracter items followed the bacteria 

and virus items, and were about two unambiguously classifiable entities; i.e., amoeba, 

clearly living, and proteins, clearly non-living. These two identities were chosen because 

they an amoeba is generally not misconstrued and is classified as alive and a protein is 

generally not misconstrued and classified and not alive. Of the included 50, the first item 

(e.g., bacteria/viruses are living things) and the 25th item (bacteria.'viruses live and they 

die like other organisms) were used to assess the ontological classification subjects used 

for viruses. If a participant responded with a True/True response, they indicated a 

consistent misconstruai; a False/False response indicated a knowledgeable subject and 

they were eliminated. Other combinations were considered random responders/guessers. 

In the selected subject pool twenty-two were True/True responders and eight were 

random responders. 

Experimental Passages (Appendix B) 

There are three different versions of possible health message passages a 

participant could receive with all versions beginning and ending with identical 
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paragraphs. The first paragraph discussed the genera! the rise in infectious disease rates: 

the final paragraph stated the importaace of imderstandmg infectious disease in the world 

commuiiity. The second paragraph differed for each experimental coBdition. Iii the first 

condition (CI), the second paragraph provided information about the ontologicai nature 

of viruses (as non-living entities) and described the structure of a virus in contrast to a 

living cell and to bacteria. The second paragraph in the second condition (C2) gives 

general information about viruses as agents of disease; thus the information is basically 

functional and identifies the entity as a causal agent of contagious disease. The second 

paragraph in the third condition (C3), basically functions as the control paragraph. Only 

general statistics and facts about viruses and HTV/AIDS is included. Thus, the 

experimental group received brief information about what a virus is; the second group 

received information about what a virus does, and the control group received statistical 

information about HIV/AIDS rates worldwide. 

Delay Passage (Appendix C) 

Following each of the experimental passages a neutral passage was presented, 

taken from a child development text. The neutral passage was included to provide a 

delay activity before the final KIAD was administered. The passage is similar in length to 

that of the experimental conditions and d,iscusses infant sensitivity and visual preference 

to the human face. 



Design and Procedure 

The ifiitial subject pool was administered the kiiO¥/ledge assessment device. 

Based on the responses to this iastmment, as described above, the experimental subject 

pool was randoHily selected. The subjects were randomly assigned to one of the three 

experimental conditions. The experiment was run in small groups (n=2-3) by one of two 

female experimenters. Subjects (1) read one of the three experimental passages; (2) 

responded in writing to the question, "What do you think was the main point of the 

passage you just read?"; (3) read a second passage as a delay procedure (a passage 

selected from a child development text); (4) responded to the main point question; (5) 

were administered the KAD a second time as a post test. 

Scoring 

Subjects earned three scores: 1) a virus knowledge score with a range of 0 to 24 

and a chance score of 12, 2) a bacteria knowledge score with a range of 0 to 24 and a 

chance score of 12 and 3) a differentiation score tapping whether or not subjects 

distinguished the characteristics of viruses and bacteria. In order to determine the 

differentiation score, 12 items from the knowledge assessment device were selected as a 

subset. For the items, the response was True for one of the entities but False for the 

other. A subject needed to get both items correct in order to earn a point on this scale 

(chance=.25=(.5)(.5)). These paired items were used to assess this aspect of knowledge 

with a range ofO to 13 and a chance score of 3.00. 
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Analysis Plan 

Three data analyses procedures were planaed. Virus and bacteria proficiency 

scores were to be analyzed on a 3 (group) x 2 (entity: bacteria and virus) x 2 (trial: pre 

and post) mixed design ANOVA with group as the between factor, and entity and trial as 

the within factors. The differentiation score was to be analyzed in a 3 (group) x 2 (trial) 

mixed design ANOVA. Additionally X~ tests were to be used to examine whether or not 

subjects changed their onto logical classification as a ftinction of the experimental 

conditions and for the examination of individual item responses. 
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RESULTS 

Virus and Bacteria Proficiency Scores 

Virus and bacteria proficiency scores were analyzed by a mixed ANOVA with 

two within (times and entity) and one between (group/condition) was conducted. The 

dependent variable was the score on the Knowledge Acquisition Device (KAD). The 

between subjects factor was the experimental condition. In Condition 1, subjects were 

presented with a passage that addressed ontological misconception, making clear that a 

virus is not alive and is different than a bacteria. In Condition 2, subjects were presented 

with a passage that gave functional facts about viruses, biological functioning. In 

Condition 3, the placebo passage explained infant perception of the human face. The 

within subjects variables were the time of the test (pre and post) and entity (virus and 

bacteria). 

The results of the ANOVA on the full correct score (0-25) indicated a significant 

effect for entity (sec Appendix E), since the participants displayed a higher level of 

understanding of bacteria than of viruses, with the mean proficiency score of bacteria at 

18.12 and the mean proficiency score of viruses at 13.58 (df=l,27=13.52 p<.001). There 

was not a significant effect for condition (df 1,27=3.307 p=.052 ) nor for trials with the 

mean at pretest of 15.53 and mean at the post test of 16.17. However, the three way 

interaction, condition by trial by entity, was found to be significant (F of 2, 27=3.56 

p<.05). (See Figures 1, 2 and 3.) 



41 

£ o u tf) 

25 

20 

15 

10 

rax" 

11.8 

17.8 

•Bacteria KnowlecSge 
Total Score 

—S—Virus Knowiedge 
Total Score 

Prelest PostTest 
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Figure 2. Condition 2; Bacteria and virus proficiency score by trial 
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Figure 3. Condition 3: Bacteria and virus proficiency score by trial. 

Differentiation Score 

The differentiation score was be analyzed in a 3 (group) x 2 (trial) mixed design 

ANOVA (Appendix F). The differentiation score taps whether or not subjects 

distinguished characteristics of viruses and bacteria. Condition 2 and Condition 3 scored 

at the level of chance. The differentiation score is significantly different at pre and post 

test (q==4.82) So, there is a significant effect for trial, pre test versus post test F 

(2,27)=10.57 p<.001. An overall effect for condition is not significant F (2527)=2.045 

p=.i49), however, there is a significant effect for trials x condition, 
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Figure 4. Bacteria and virus differentiation scores by condition by trial. 

Ontological Classification 

Additionally tests were to be used to examine whether or not subjects changed 

their ontological classification as a fonction of the experimental conditions and for the 

examination of individual item responses. The ontological knowledge classification was 

addressed by using items 1 and 25 on the virus portion of the KAD. Item one asks 

whether viruses are living things and item twenty-five asks whether viruses live and die 

like other organisms. (See Table 1 and 2 for ontological classification at pre and post 

test.) In the pretest, every participant judged on both items that viruses are Hving things 

or they were inconsistent in judgments (a judgment of living one one item and non-living 
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on the other), Interestirigly enough, v/hen given the same item for bacteria, every 

participant answered correctly; in Condition 1 every subject changed their classification 

whereas in Condition 2 and CoBdition 3 the same did not occur. The post test revealed a 

significant difference in Condition 1 (X^=53.0 df=4 p<.001) The other conditions 

(condition 2 and condition 3) displayed no significant change in ontological 

classification. Functional information regarding did not have an effect on ontological 

misclassification but the direct addressing of the ontology did have an effect. 

Table 1 

Pre Test Virus Knowledge/Ontological Level: Series of Responses to 

(1) Viruses Are Living Things and (25) Viruses Live and Die Like Other Organisms 

Condition Both Correct Inconsistent Both Incorrect 
Condition 1 0 3 7 
Condition 2 0 2 8 
Condition 3 0 3 7 
Total 0 8 22 

Table 2 

Post Test Virus Knowledge/Ontological Level: Series of Responses to 

(1) Viruses Are Living Things and (25) Viruses Live and Die Like Other Organisms 

Condition Both Correct Inconsistent Both Incorrect 
Condition 1 10 0 0 
Condition 2 1 3 6 
Condition 3 0 2 8 
Total 11 5 14 
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Misconceptions Item Analysi's 

Item analysis was completed using cM squares to explore the systematic 

miscoaceptioES of bacteria and viruses on the pretest. Cross tabs on each item for the pre 

and post trials are available in Appendix D. Three bacteria items displayed significant 

chi squares. Twenty-three participants believed a bacterium contains a nucleus like other 

cells (X^ df=l, 7.85, p<.01). Twenty-one participants thought a bacterium is composed 

of cells {X^ df=l, 4.80, p<.05). Finally, 22 participants thought that bacteria has a more 

complex structure than vinises (X^ dl=i, 6.54, p<.05). 

Misconceptions regarding viruses displayed twice as many systematic 

misconceptions, resulting in six significant chi squares. Twenty-seven participants 

thought that viruses are living things (X^ df=l, 19.2, p<.01). Twenty-five participants 

indicated that viruses grow bigger in the course of its life (X^ df=l, 13.33, p<.01). 

Twenty-four participants believe a virus is composed of cells df=l, 10.8, p<.01). 

Twenty-one participants believe that viruses are smaller than bacteria (X^ df=l, 4.80, 

p<.05). Twenty-one participants believe that some viruses can move on a microscopic 

slide (X^ df=l, 4.80, p<.05). Twenty-five participants believe that viruses live an die like 

other organisms {X^ dl=l, 13.3 p<.01). 

Other items, though not statistically significant, had surprisingly high 

percentages of misconceptions. Viruses are believed to be purposeflilly trying to make 

you sick by 40% of the participants, a strong intentionality attribution. Seventeen percent 

think viruses come in male and female forms and breed to make baby viruses. Fifty 
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percent think viruses can replicate in the air. Forty-three percent think virases cm be 

killed with antibiotics. Sixty-seven percent think viruses have a more complex striictuxe 

than bacteria. 

Item analyses was conducted on the virus post test iteins to examine ontological 

category, virus structure, and differing responses based on condition. Analyses of post 

test virus items are grouped (3) by response (2) chi squares with 2 degrees of freedom. 

Item 1 (Virases are living things) and item 25 (Viruses live and die like other organisms) 

were used to examine ontological category. All 10 subjects in Condition 1 changed 

ontological category of virus and categorized it as non-living; the participants in the other 

conditions did not make a classification change to non-living. The cM-squaies for item 

number 1 and number 25 respectively are dl=2, 21.45 p<.001 and df=2= 17.14, 

p<.01. 

Examination of five virus structure items using chi squares displayed a 

difference in Condition 1 's understanding of structure and Condition 2 and Condition 3's 

pervasive misconception. Participants in each condition responded at chance to the item 

viruses arc coated with protein. Pervasive misconception was observed by Condition 2 

and Condition 3 in the item's viruses have the same structures as in any cell (X^ d:^2, 

8.4, p<.01), viruses contain genetic material ( X ^  di=2, 25.71, p<.01), viruses have a more 

complex structure than bacteria (X  ̂df=2, 5.84, p<.10)and a virus is composed of cells 

(X2 dl=2,14.06 ,p<.01). Condition 1 had read information about the structure of virases; 

their post test responses reveal that they had corrected their structural misconception. On 
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the other hand, participants in Condition 2 and Condition 3 still displayed pervasive and 

systematic misconceptions about the structure of a virus. 

With examiiiatioii of inference items we find that almost every item was 

answered the same by each condition. Inference items consisted of items that required 

the participant to make an inference, for example a virus has babies. Even in Condition 

1, individuals who changed onto logical category, did not change their misconceptions 

that required inferences. (See Table 3 for post test inference scores by condition.) On the 

following items there were no differences between conditions and they were all mostly 

correct: viruses come in male and female forms, viruses can only reproduce in a host cell, 

viruses breed with each other to make baby viruses, some viruses cause illness in 

humans, and viruses are a kind of bacteria. The following items displayed guessing 

behavior in all conditions: viruses are single-celled organisms, viruses reproduce by 

doubling their genetic material and dividing in half, a process called mitosis, a virus can 

grow bigger in the course of its life, you can see a virus on a slide with a regular 

microscope and some viruses can move on a microscope shde. One inference item in 

particular was noteworthy; 40% made the judgment that viruses can be killed with 

antibiotics. This item reveals remarkable levels of misconception and no difference 

across conditions. Inference items that displayed trends of Condition 1 answering 

correctly and Condition 2 and three responding randomly, though not significantly, are 

viruses can replicate in the air and viruses reproduce the same way that bacteria do. 

Condition 1 over came the misconception that viruses require nutrients to grow and 
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reproduce (X  ̂df=2, 14.06, p<.01); whereas conditions two and three displayed 

miscoficeptioB. 

Table 3 

Post Test Vims Inferences by Condition 

Condition Mean Std. Deviation N Min Max Variance 
Condition 1 8.9 1.91 10 6 11 3.66 
Condition 2 8.4 2.41 10 4 11 5.82 
Condition 3 8.4 1.71 10 5 10 2.93 
Total 8.6 1.98 30 4 11 3.91 

Condition 1 displayed an advantage on ontology items and on structure items 

that were explicitly discussed in the experimental passage. When answering the 

inference items Condition 1 did not generalize to the items that required inferences from 

structural/onto logical knowledge, those not addressed in the passage. When answering 

these items Condition 1 participants reverted to an intuitive germ theory rather than the 

new knowledge acquired from the health passage. 

CHAPTER 5 
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DISCUSSION 

The research supported the foiiowiEg hj^otheses: (1) initial questiooing of 

participants displayed an underlying OBtological miscoiastraai of viruses, (2) initial 

questioning of participants will display evidence of multiple systematic misconceptions 

of virases and bacteria, (3) addressing the misconceptions of viruses at an ontological 

knowledge level will improve understanding of viruses and bacteria over all, (4) 

addressing the misconceptions of viruses at an ontological knowledge level will help 

individuals differentiate between viruses and bacteria, and (5) addressing these 

misconceptions of viruses at an ontological level change knowledge at a structural level. 

Hypothesis six was not supported in that changing the ontological classification affects 

understandings of structural definitions rather than inferential knowledge regarding 

viruses. 

This research examined misconceptions regarding viruses and bacteria and 

attempted to induce conceptual change by shifting the ontological knowledge structure. 

From the start, participants make better inferences regarding bacteria; they classify 

bacteria as a living thing and make inferences based on that classification. This 

classification leads them to draw correct inferences in most cases. The systematic 

misconceptions regarding bacteria are those related to the structure of bacteria. The 

classification of bacteria as a living thing would not aid one in making inferences 

regarding structure. They do not understand how bacteria differ from cells or other 

germs. 
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Unlike bacteria, it appears that viruses are ontologicaily misclassified at the start, 

through the classification of virus as a living thing. This classification then leads to 

systematic misconceptions because individuals then infer the properties of living things, 

such as growth and movement. By addressing this ontologicai misclassification directly, 

we can. change the ontologicai category but this seems to only effect knowledge related to 

structure of viruses. The participants still reverted to their intuitive biological 

misconceptions when pushed to draw inferences; therefore changing ontology is not 

sufficient to change the underlying mechanisms. This could be in part because there is no 

push to delve into the ideas any further since they think they conceptually understand this 

ideas, are unaware of their own knowledge deficits. Developmentally speaking our 

intuitive biology remains very similar to that a preschoolers. These intuitive theories are 

functional and adaptive but may depart from important scientific understanding (Hantano 

& Inagaki, 1994). 

The results of this study add to the growing research in the area of systematic 

misconception related to intuitive theories and their evolution while containing practical 

implications for health and science education. The lack of accurate knowledge regarding 

viruses and bacteria is widespread, even in this scientifically educated population that has 

completed high school biology and probably college level science courses too. 

We find that functional knowledge is not enough to make a conceptual change at 

any level. This should be of concern to health educators who design campaigns to 

educate individuals on the growing infectious diseases and antibiotic resistant strains of 



bacteria. Americans are exposed to information regarding these threatening infections 

(SARS, HIV/AIDS, Ebola). According to our findings of widespread misconceptioii, 

educators should concern themselves with what causes conceptual change. How do we 

provide educational materials and message that will allow a population to understand 

beyond mere contagion theories? Should health professionals be educated differently in 

regard to arenas where there is consistent misconstraal of entities? Should the general 

public be approached just on the behavior realm since "learning" the correct facts is so 

contrary to our intuitive biology? 

There are major gaps in knowledge regarding viruses in our population which 

have a tremendous effect on the health care of individuals world wide and our intuitive 

theories play a major role in the root of these misconceptions. Future research should 

address ways in which misconstruals can be addressed, identified, and corrected on more 

than just a structural type level, a level in which correct inferences can be made. 



.\PPENDIX A 

KNOWLEDGE ASSESSMENT DEVICE 

Characteristics ©f entitles task. The following are true/faise statements about some of 

the kinds of things that we find in the world but that we cannot see with just our eyes. In 

short, these are unseen entities, but we still know a lot about them. This task is a way to 

find out just what it is most of us do know about these unseen entities. For each of the 

entity terms, you will find a list of statements about the possible characteristics or 

attributes of the entity. Please judge each statement as to whether you think it is correct 

or not and place a T (true) or an F (false) in the space provided. Your judgment indicates 

whether or not you think the statement represents an attribute of the entity. Your answers 

will help us figure out just what people do know about all these things. 

A. Bacteria 

1. Bacteria are living things. 

2. Bacteria have all the same structures you would find in any cell. 

3. Bacteria get in your body for the purpose of making you sick 

4. Bacteria are single-celled organisms. 

5. Bacteria come in male and female forms. 

6. Bacteria reproduce by doubling their genetic material and dividing 

in half, a process called mitosis. 

7. Bacteria can only reproduce in a host cell. 

8. Bacteria are a kind of cell. 
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9. Bacteria contain genetic material. 

10. Bacteria breed with each other to make baby bacteria. 

1 i. Bacteria can grow and reproduce in a host organism. 

12. ^Bacteria can reproduce in the air. 

13. A bacterium contains a nucleus !.ike other cells do. 

14. ^Bacteria can be grown in a petri dish or test tube. 

15. A bacterium is composed of cells. 

16 . Bacteria require nutrients to stay alive, grow, and reproduce. 

17 . Bacteria reproduce the same way viruses do. 

18. _____ Some bacteria cause illness. 

19 . Bacteria can be killed with antibiotics 

20 . Bacteria have a more complex structure than viruses do. 

21 . Bacteria are nasty little bugs that try to make you sick. 

22 . Bacteria are a kind of virus. 

23 . Bacteria are smaller than viruses. 

24 . Some bacteria can move on their own. 

25 . Bacteria live and they die. 

B. Viruses 

1. Viruses are living things. 

2. Viruses have all the same structures you would find in any cell. 

3. Viruses get in your body for the purpose of making you sick. 
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4. Viruses are single-ceiled orgaflisms. 

5. Viruses come in male and female forms. 

6. Vireses reproduce by doubling their genetic material and dividing in 

half, a process called mitosis. 

7. Viruses can only reproduce in a host cell. 

8. Viruses are coated with proteins. 

9. Viruses contain genetic material. 

10. Viruses breed with each other to make baby viruses. 

11. ____ A virus can grow bigger in the course of its life. 

12. _____ Viruses can replicate in the air. 

13. _You can sec a virus on a slide with a regular microscope. 

14 . Viruses can be grown in a petri dish or test tube. 

15 . A virus is composed of cells. 

16 . Viruses require nutrients to grow and reproduce. 

17 . Viruses reproduce the same way that bacteria do. 

18 . Some viruses cause illness in humans. 

19 . Viruses can be kiUed with antibiotics. 

20 . Viruses have a more complex structure than bacteria do. 

21 . Viruses are nasty little bugs that try to make you sick. 

22 . Viruses are a kind of bacteria. 

23. _____ Viruses are smaller than bacteria. 

24 . Some viruses can move on a microscope slide. 
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25. Viruses live and die like other organisms. 

C. .\iBoeba 

1. ^Amoebas are living things. 

2. AiD.oebas have all the same structures you would find in any cell 

3. ____ Amoebas get in your body for the purpose of making you sick. 

4. Amoebas are single-celled organisms. 

5. Amoebas come in male and female forms. 

6. Amoebas reproduce by doubling their genetic material and dividing 

in half, a process called mitosis 

7. Amoebas can only reproduce in a host cell. 

8. An amoeba is a kind of animal. 

9. Amoebas contain genetic material 

10. Amoebas breed with each other to make baby amoebas. 

11. Amoebas can grow and reproduce in a host organism. 

12 . Amoebas can reproduce in pond water. 

13 . An amoeba contains a nucleus and organelles. 

14 . You can see an amoeba on a slide with a regular microscope. 

15 . An amoeba is composed of multiple cells. 

16 . Amoebas require nutrients to stay alive, grow, and reproduce. 

17 . Amoebas reproduce the same way viruses do. 

18. Amoebas can cause illness. 
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19 . Aiaoebas that make you sick can be killed with medication. 

20 . Amoebas liave a more complex stracture than bacteria do. 

21 . Amoebas are nasty little bugs that try to make yon sick. 

22 . Amoebas are a kind of vims. 

23- ______ Amoebas are smaller than protein molecules. 

24 . Amoebas can move on a microscope slide 

25 . Amoebas live and die like other organisms 

D. A protein molecule 

1. Proteins are living things. 

2. A protein has all the same structures you would find in a ceil. 

3. Proteins are found in the cells of your body. 

4. Proteins are single-celled organisms 

5. Proteins are manufactured in cells. 

6. Proteins replicate by doubling their genetic material and dividing in 

half, a process calicd mitosis. 

7. Proteins can replicate in a host cell. 

8. _____ There are many different kinds of protein molecules. 

9. Proteins contain genetic material 

10 . Proteins breed with each other to make baby proteins 

11 . A protein can grow bigger in the course of its life. 

12 . Proteins can replicate in the air. 



You might be able to see a protein on a microscope slide. 

In a ceil, the directions for protein maaufacture are contained 

cell's DNA 

A protein is composed of cells. 

Proteins require nutrients to reproduce. 

Proteins replicate the same way viruses do. 

Some proteins might cause illness in humans. 

Proteins are complex molecules. 

Proteins have a more complex structure than bacteria do. 

Proteins are nasty little bugs that try and make you sick. 

Proteins are a kind of bacteria. 

Proteins are smaller than amoebas 

Proteins can move on a microscope slide. 

Proteins live and die like other organisms. 



APPENDIX B 

EXPERI^fENTAL PASSAGES 

Condition I Passage 

Read the following passage carefully. You will be asked questions regarding the 

passage and will be unable to return to the passage once you are on the question 

page. 

Infectious disease rates have risen substantially in the United States and 

worldwide. Since 1980. death rates due to infectious disease have doubled, making it the 

third leading cause of death. Fifteen hundred people die each hour from infectious 

disease and more than half are children under five. Two main types of microbes, or 

germs, cause infections: viruses and bacteria. Some of the viruses that have appeared 

recently include BARS, HIV/AIDS, West Nile Virus, and Ebola, among many others. 

Viruses are not the same kinds of things as bacteria, and they are widely 

misunderstood. A bacterium is a type of cell and is a living thing. A virus is just a little 

piece of genetic material—-either DN A or RNA, depending on the specific virus— 

encased in a protein coat. Viruses come in many varieties and shapes, but that is all a 

virus is. A virus has a very simple structure and does not contain any of the other 

structures we find in living cells, because, basically, a virus is not a living thing. The 

only processes a virus can do that living things do is amplify. But even that process is 

done differently irom what living things do. Notice the word is amplifies, not reproduces 

as it would be for a living thing. When a virus enters a living ceil, it makes copies of 
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itself, it replicates, from the molecules already in the host cell. la copying itself, the vims 

can do damage to the host ceil, even kiilicg the host ceil. The newly minted copies of the 

virus go on to invade other cells and even other people when the virus gets into host cells 

in another individual. That interference with cell metabolism and cell destruction—along 

with the immiine system's reaction to foreign particles—is what leads to illness. Most 

viiai diseases are self-limiting, and we get better. Others can prove lethal to the host. 

But a virus is not a living thing—it is on the threshold of life. Think about this: If a virus 

is "not alive", then can it reasonably be "killed" or "die"? 

Since infectious disease is such a serious health threat worldwide, it is important 

for us to understand the nature of these germs and how they make us sick. 

Condition 2 Passage 

Read the following passage carefully. You will be asked questions regarding the 

passage and will be unable to return to the passage once you are on the question 

page. 

Infectious disease rates have risen substantially in the United States and 

worldwide. Since 1980, death rates due to infectious disease have doubled, making it the 

third leading cause of death. Fifteen hundred people die each hour from infectious 

disease and more than half are children under five. Two main types of microbes, or 

germs, cause infections: viruses and bacteria. Some of the viruses that have appeared 

recently include SARS, HIV/AIDS, West Nile Virus, and Ebola, among many others 



Some of these new diseases are versions of old diseases and some are more 

recently evolved. Viruses and bacteria are both kinds of entities that can make us sick 

and which can pass from individual to individual. Viruses invade a host ceil and 

basically "hijack" the metabolic equipment of the cell. Viruses come in many varieties 

and cause many different diseases, for example—colds, influenza, chicken pox, 

smallpox, and even AIDS. Influenza and other respiratory viruses cause deaths in the 

range of 50,000 to 70,000 individuals per year. Viruses replicate in a host cell and spread 

to other cells and can also be contagious when the viruses are spread via contact from one 

individual to another. The sequence of infection from host to host can actually be quite 

complex and involve multiple species (e.g., Hanta virus. West Nile virus). When a virus 

enters a living cell, it proliferates. In so doing, the virus can do damage to the host cell, 

even killing it. The new viruses go on to invade other cells and even other people when 

the virus gets into host cells in another individual. That interference with cell metabolism 

and cell destruction—along with the immune system's reaction to foreign entities—is 

what leads to illness. Most viral diseases are self-limiting, and we get better. Others can 

prove lethal to the host. 

Since infectious disease is such a serious health threat v/orldwide, it is important 

for us to understand the nature of these germs and how they make us sick. 
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Condition 3 Passage (Control) 

Read the following passage carefully. You will be asked questions regarding the 

passage and will be unable to return to the passage once you are on the question 

page. 

Infectious disease rates have risen substantially in the United States and 

worldwide. Since 1980, death rates due to infectious disease have doubled, making it the 

third leading cause of death. Fifteen hundred people die each hour from infectious 

disease and more than half are children under five. Two main types of microbes, or 

germs, cause infections; viruses and bacteria. Some of the viruses that have appeared 

recently include SARS, HIV/AIDS, West Nile Virus, and Ebola, among many others. 

Some of these new diseases are versions of old diseases and some are more 

recently evolved. Viruses and bacteria are both kinds of entities that can make us sick 

and that can pass from individual to individual. Viruses invade a host cell and basically 

"hijack" the metabolic equipment of the cell. Viruses come in many varieties and cause 

many different diseases, for example—colds, influenza, chicken pox, smallpox, and even 

AIDS. Worldwide attention has recently been brought to the HIV/AIDS epidemic. If all 

other factors remain constant, there will be an estimated 45 million new HIV infections 

by 2010. Popular musicians, such as Sting, lobbied the United States to pay attention to 

the devastating effect of HIV/AIDS in developing countries. In April 2003, President 

Bush asked congress to pass a $15 billion initiative to fight the spread of AIDS in Africa. 

AIDS prevention funding will affect countries like Haiti, which has the highest rate of 
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HIV in tiie Western Hemisphere, causing a decrease in life expectancy with men living 

an average of 47.8 years and women at 51.8. ThoBgh there are devastating effects from 

HIV/AIDS in developmg countries, the United States is also battling the virus. 

Following an initial decline in HIV diagnosis, the US is now seeing a rising trend in 

diagnosis since 2001. 

Since infectious disease is such a serious health threat worldwide, it is important 

for us to understand the nature of these germs and how they make us sick. 
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DELAY PASSAGE 

Read the following passage carefully. You will be asked questions regarding the 

passage and will be unable to return to the passage once you are on the question 

page. 

A fascinating aspect of infant perception has to do with their reaction to the 

human face. Newborns show special sensitivity to face stimuli when a drawing of a face 

is slowly moved in froHt of them. Newborns will track the pattern longer than a drawing 

in which the features are scrambled. Infants quickly develop preferences for particular 

real faces. After about 12 hours' cumulative exposure to their mother over the first few 

days after birth, infants look longer at her face than at the face of an unfamiliar woman. 

Between 5 and 7 months of age, infants notice common emotional expressions in faces 

and voices. When they hear a voice expressing positive affect, they look preferentially at 

a smiling face, but they look longer at an angry face when they hear an angry voice. By 

the end of the first year of life, infants generally prefer smiling faces to fearful or any 

ones. 

One of the most intriguing aspects of infants' facial preferences is the fact that, 

along with all the rest of us, babies like a pretty face. Infants look longer at faces that are 

judged by adults to be highly attractive than at faces judged to be less appealing. This 

preference has been shown for infants between 2 and 6 months of age, and even for 

newborns. In sum, for babies, this most salient of human social stimuli, seems to have 

inherent appeal. 



APPENDIX D 

CROSS TABS EVER Y ITEM PRE AND POST 

Cross tabs PRETEST ITEPIS 

Crosstabs 

Condition * Bacteria are living things. (T) Crosstabulation 

Count 

Bacteria 
are living 
thinas. (T) 

True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

Condition * Bacteria have all the same structures you would find in any 
cell. (F) Crosstabulation 

Count 

Bacteria have all the 
same structures you 

would find in any cell. 
(F) 

False True Total 
Condition Condition 1 6 4 10 

Condition 2 6 4 10 

Condition 3 (Control) 3 7 10 

Total 15 15 30 



Gondition * Bacteria get in your body for tiie purpose of 
making you sick. |F| Crosstabuiation 

Count 

Bacteria 
get in 

your body 
for the 

purpose 
of making 
you sick. 

(F) 

Total Faise Total 
Condition Condition 1 10 10 

Condition 2 10 10 
Condition 3 (Control) 10 10 

Total 30 30 

Conditio Condition 

Bacteria 
single-

Conditio Condition organfi inns. 

Condition 

Condition 3 
Total 

!-alse0 

3 
14 

irue 4 

7 
16 

Tota'i^O 

10 

30 

Condition * Bacteria come in male and female forms. (F) 
Crosstabuiation 

Count 

Bacteria come in male 
and female forms. (F) 

Total False True Total 
Condition Condition 1 8 2 10 

Condition 2 7 3 10 

Condition 3 (Control) 9 1 10 

Total 24 6 30 



Condition * Bacteria reproducs by doybiing their genetic material and 
dividing Irs half, a process called mitosis. (T) Crosstabyiation 

Count 

Bacteria reproduce by 
doubling their genetic 

materiai and dividing in 
half, a process called 

mitosis. (T) 

False True Total 
Condition Condition 1 3 7 10 

Condition 2 3 7 10 
Condition 3 (Control) 1 9 10 

Total 7 23 30 

Condition * Bacteria can only reproduce in a host cell. (F) 
Crosstabyiation 

Count 

Bacteria can only 
reproduce in a host 

cell. fF) 
Total False True Total 

Condition Condition 1 8 2 • 10 
Condition 2 8 2 10 
Condition 3 (Controi) 4 6 10 

Total 20 10 30 

Condition * Bacteria are a kind of ceil. (T) Crosstabulation 

Count 

Bacteria are a kind of 
cell. (T) 

Total False True Total 
Condition Condition 1 3 7 10 

Condition 2 4 6 10 

Condition 3 (Controi) 4 6 10 

Total 11 19 30 



Condition * Bacteria coRtaln genetic material. fT) Crosstabuiation 

Count 

Bacteria contain 
aenetic material. fT) 
False True Total 

Condition Condition 1 3 7 10 
Condttion 2 5 5 10 

Condition 3 (Control) 3 7 10 
Total 11 19 30 

Condition * Bacteria breed with each other to make baby bacteria. (F) 
Crosstabuiation 

Count 

Bacteria breed with 
each other to make 
baby bacteria. (F) 

False True Total 
Condition Condition 1 9 1 10 

Condition 2 9 1 10 

Condition 3 (Control) 9 1 10 

Total 27 3 30 

Condition * Bacteria can grow and reproduce In a host 
organism. (T) Crosstabuiation 

Count 

Bacteria can 
grow and 

reproduce in a 
host 

organism. (T) 

Total True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 



Condition * Bacteria can reporduce in th© air. fT| Crossteijuiatlon 

Count 

Bacteria can reporduce 
in the air. (T) 

Total False True Total 
Condition Condition 1 5 5 10 

Condition 2 1 9 10 
Condition 3 (Control) 3 7 10 

Total 9 21 30 

Condition * A bacterium contains a nucleus like ther cells do. (F) 
Crosstabuiation 

Count 

A bacterium contains a 
nucleus like ther cells 

do. (F) 

Total False True Total 
Condition Condition 1 1 9 10 

Condition 2 3 7 10 
Condition 3 (Control) 3 7 10 

Total 7 23 30 

Condition * Bacteria can grow in a petri dish or test tube. 
|T) Crosstabuiation 

Count 

Bacteria 
can grow 
in a petri 
dish or 

test tube. 
( T )  

Total True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 



Condition * A bacteriam is composed of cells. fF) Crosstabyiatioii 

Count 

A bacterium is 
com Dosed of cells. (F) 

Total 1 False True Total 1 
Condition Condition 1 1 9 10 1 

Condition 2 3 7 10 
Condition 3 (Control) 5 5 10 

Total 9 21 30 1 

Condition * Sacteria require nutrients to stay alive, grow, and 
reproduce. (T) Crosstabulation 

Count 

Bacteria require 
nutrients to stay alive, 
grow, and reproduce. 

(T) 

False True Total 
Condition Condition 1 1 9 10 

Condition 2 3 7 10 

Condition 3 (Control) 0 10 10 

Total 4 26 30 

Condition * Bacteria reproduce the same way viruses do. (F) 
Crosstabulation 

Count 

Bacteria reproduce the 
same way viruses do. 

(F) 

False True Total 
Condition Condition 1 6 4 10 

Condition 2 6 4 10 

Condition 3 (Control) 5 5 10 

Total 17 13 30 



SonditioR ® Some bacteria cause i!iiiess= (T) Crosstai3ulation 

Count 

Some 
bacteria 
cause 
illness. 

m 
Taje Total 

Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

condition * Bacteria can be killed with antiobiotics. (T) Crosstabulation 

Count 

Bacteria can be killed 
with antiobiotics. (T) 
False True Total 

Condition Condition 1 0 10 10 

Condition 2 1 9 10 

Condition 3 (Control) 0 10 10 

Total 1 29 30 

Condition * Bacteria have more complex structure than viruses do. (T) 
Crosstabulation 

Count 

Bacteria have more 
complex structure than 

viruses do. (T) 

Total False True Total 
Condition Condition 1 7 3 10 

Condition 2 7 3 10 

Condition 3 (Control) 8 2 10 

Total 22 8 30 



Condition * Bacteria are nasty little i3ugs that tiy to make you sick. fF) 
Crosstabulation 

Count 

Bacteria are nasty little 
bugs that try to make 

you sick. (F) 

False True Total 
Condition Condition 1 9 1 10 

Condition 2 9 1 10 

Condition 3 (Control) 10 0 10 

Total 28 2 30 

Condition * Bacteria are a kind of virus. (F) Crosstabulation 

Count 

Bacteria are a kind of 
virus, (F) 

Total False True Total 
Condition Condition 1 9 1 10 

Condition 2 8 2 10 

Condition 3 (Control) 7 3 10 

Total 24 6 30 

Condition * Bacteria are smaller than viruses. (F) Crosstabulation 

Count 

Bacteria are smaller 
than viruses. (F) 

Total False True Total 
Condition Condition 1 6 4 10 

Condition 2 4 6 10 

Condition 3 (Control) 6 4 10 

Total 16 14 30 

Condition ® Some bacteria can mcve on their own. (T) Crosstabulation 

Count 

Some bacteria can 
move on their own. (T) 

Total False True Total 
Condition Condition 1 0 10 10 

Condition 2 1 9 10 

Condition 3 (Control) 4 6 10 

Total 5 25 30 



Condition '•* Bacteria live and they die. fl) Crosstabulation 

Count 

Bacteria 
live and 
they die. 

(T) 

True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

Condition * Viruses are living things. (F) Crosstabulation 

Count 

Viruses are living 
things. (F) 

False True Total 
Condition Condition 1 1 9 10 

Condition 2 1 9 10 

Condition 3 (Control) 1 9 10 

Total 3 27 30 

Condition * Viruses have all the same structures you would find in any 
cell. (F) Crosstabulation 

Count 

Viruses have all the 
same structures you 

would find in any cell. 
(F) 

Total False True Total 
Condition Condition 1 7 3 10 

Condition 2 7 3 10 

Condition 3 (Control) 7 3 10 

Total 21 9 30 



:onciition * Viruses get in your body for the purpose of making yoy sic^ 
(F) Crosstabulation 

Count 

Viruses get in your 
body for the purpose of 

making you sick. (F) 

Total False True Total 
Condition Condition 1 3 7 10 

Condition 2 6 4 10 
Condition 3 (Control) 3 7 10 

Total 12 18 30 

Condition * Viruses are single-celled organisms. (F) Crosstabulation 

Count 

Viruses are 
single-celled 

orqanisms. (F) 

Total False True Total 
Condition Condition 1 5 5 10 

Condition 2 7 3 10 

Condition 3 (Control) 10 0 10 

Total 22 8 30 

Condition * Viruses come in male and female forms. (F) 
Crosstabulation 

Count 

Viruses come in male 
and female forms. (F) 

Total False True Total 
Condition Condition 1 9 1 10 

Condition 2 8 2 10 

Condition 3 (Control) 8 2 10 

Total 25 5 30 



Condition * Viruses reproduce by doiibling their genetic material and 
dividing in half, a process called mitosis. |F| Crosstabyiatiors 

Count 

Viruses reproduce by 
doubling their genetic 

material and dividing in 
half, a process called 

mitosis. (F) 

False True Total 
Condition Condition 1 5 5 10 

Condition 2 5 5 10 

Condition 3 (Control) 2 8 10 

Total 12 18 30 

Condition * Viruses can only reproduce in a host cell. (T) 
Crosstabulation 

Count 

Viruses can only 
reproduce in a host 

cell, m 

Total False True Total 
Condition Condition 1 4 6 10 

Condition 2 5 5 10 

Condition 3 (Control) 2 8 10 

Total 11 19 30 

Condition * Viruses are coated with proteins. (T) Crosstabulation 

Count 

Viruses are coated 
with oroteins. (T) 

Total False True Total 
Condition Condition 1 4 6 10 

Condition 2 5 5 10 

Condition 3 (Control) 5 5 10 

Total 14 16 30 



Condition * Viruses contain genetic material. (T) Crosstabulation 

Count 

Viruses contain 
genetic material. (T) 
False True Total 

Condition Condition 1 3 7 10 

Condition 2 8 2 10 

Condition 3 (Control) 4 6 10 
Totai 15 15 30 

Condition * Viruses breed with each other to make baby viruses. (F) 
Crosstabulation 

Count 

Viruses breed with 
each other to make 

baby viruses, (F) 

False True Total 
Condition Condition 1 8 2 10 

Condition 2 9 1 10 

Condition 3 (Control) 9 1 10 

Total 26 4 30 

Condition * A virus can grow bigger in the course of its life. (F) 
Crosstabulation 

Count 

A virus can grow bigger 
in the course of its life. 

(F) 

Total False True Total 
Condition Condition 1 2 8 10 

Condition 2 1 9 10 

Condition 3 (Control) 2 8 10 

Total 5 25 30 

Condition * Viruses can replicate in the air. (F) Crosstabulation 

Count 

Viruses can replicate 
in the air. (F) 

Total False True Total 
Condition Condition 1 6 4 10 

Condition 2 3 7 10 

Condition 3 (Control) 6 4 10 

Total 15 15 30 



Condition * You can see a virus on a slide vs/itli a regular microscope. 
(F) Crosstabutation 

Count 

You can see a virus on 
a slide with a regular 

microscope. (F) 

False True Total 
Condition Condition 1 7 3 10 

Condition 2 7 3 10 

Condition 3 (Control) 8 2 10 
Total 22 8 30 

Condition * Viruses can be grown in a petri dish or test tube. (F) 
Crosstabulation 

Count 

Viruses can be grown 
in a petri dish or test 

tube. (F) 

False True Total 
Condition Condition 1 1 9 10 

Condition 2 4 6 10 

Condition 3 (Control) 6 4 10 

Total 11 19 30 

Condition * A virus is composed of ceils. (F) Crosstabutation 

Count 

A virus is composed of 
cells. (F) 

False True Total 
Condition Condition 1 1 9 10 

Condition 2 2 8 10 

Condition 3 (Control) 3 7 10 

Total 6 24 30 



Condition * Viruses require nutrients to grow and reproduce. (Fj 
Crosstabulation 

Count 

Viruses require 
nutrients to grow and 

reproduce. (F) 
False True Total 

Condition Condition 1 4 6 10 

Condition 2 5 5 10 

Condition 3 (Control) 5 5 10 

Total 14 16 30 

Condition * Viruses reproduce the same way that bacteria do. (F) 
Crosstabulation 

Count 

Viruses reproduce the 
same way that bacteria 

do. (F) 

Total False True Total 
Condition Condition 1 5 5 10 

Condition 2 5 5 10 

Condition 3 (Control) 5 5 10 

Total 15 15 30 

Condition * Some viruses cause illness in humans. (T) 
Crosstabulation 

Count 

Some 
viruses 
cause 

illness in 
humans. 

(T) 

True Total 
Condition Condition 1 10 10 

Condition 2 10 10 
Condition 3 (Control) 10 10 

Total 30 30 
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Condition Viryses can be kiiled with antibiotics. |F) Crosstabulation 

Count 

Viruses can be killed 
with antibiotics. (F) 

Total False True Total 
Condition Condition 1 5 5 10 

Condition 2 5 5 10 

Condition 3 (Control) 7 3 10 

Total 17 13 30 

Condition * Viruses have a more complex structure than bacteria do. 
(F) Crosstabulation 

Count 

Viruses have a more 
complex structure than 

bacteria do. (F) 

Total False True Total 
Condition Condition 1 1 9 10 

Condition 2 4 6 10 

Condition 3 (Control) 5 5 10 

Total 10 20 30 

Condition * Viruses are nasty little bugs that try to make you sick. (F) 
Crosstabulation 

Count 

Vinjses are nasty little 
bugs that try to make 

you sick. (F) 

False True Total 
Condition Condition 1 7 3 10 

Condition 2 7 3 10 

Condition 3 (Control) 6 4 10 

Total 20 10 30 

Condition * Viruses are a kind of bacteria. (F) Crosstabulation 

Count 

Viruses are a kind of 
bacteria. (F) 

False True Total 
Condition Condition 1 6 4 10 

Condition 2 7 3 10 

Condition 3 (Control) 7 3 10 

Total 20 10 30 



Condition ® Vinisss are smaller than bacteria. |T| Crosstaisulatioo 

Count 

Viruses are smaller 
than bacteria. CT) 

Total False True Total 
Condiiion Condition 1 7 3 10 

Condition 2 7 3 10 
Condition 3 (Control) 7 3 10 

Total 21 9 30 

Condition * Some viruses can move on a microscope slide. (F) 
Crosstabufation 

Count 

Some viruses can 
move on a microscope 

slide. (F) 
Total False True Total 

Condition Condition 1 1 9 10 

Condition 2 4 6 10 

Condition 3 (Control) 4 6 10 

Total 9 21 30 

Condition * Viruses live and die like other organisms. (F) 
Crosstabulation 

Count 

Viruses live and die 
like other organisms. 

(F) 

Total False True Total 
Condition Condition 1 2 8 10 

Condition 2 1 9 10 

Condition 3 (Control) 2 8 10 

Total 5 25 30 



Crosstabs POST TEST 

Condition ® Bacteria are living things. fT) Crosstabulatlon 

Count 

Bacteria 
are living 
things, m 

True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

Condition * Bacteria have all the same structures you would find in any 
cell. (F) Crosstabulation 

Count 

Bacteria have all the 
same structures you 

would find in any cell. 
(F) 

False True Total 
Condition Condition 1 4 6 10 

Condition 2 5 5 10 

Condition 3 (Control) 3 7 10 

Total 12 18 30 

Condition * Bacteria get in your body for the purpose of making you 
sick. (F) Crosstabulation 

Count 

Bacteria get in your 
body for the purpose of 

making you sick. (F) 

False True Total 
Condition Condition 1 9 1 10 

Condition 2 9 1 10 

Condition 3 (Control) 6 4 10 

Total 24 6 30 



Condition * Bacteria are single-ceiled organisms. (T) Crosstabulation 

Count 

Bacteria are 
single-celled 

organisms. (T) 

Total False True Total 
Condition Condition 1 3 7 10 

Condition 2 6 4 10 

Condition 3 (Control) 4 6 10 
Total 13 17 30 

Condition * Bacteria come in male and female fomns. (F) 
Crosstabulation 

Count 

Bacteria come in male 
and female forms. (F) 

Total False True Total 
Condition Condition 1 10 0 10 

Condition 2 7 3 10 

Condition 3 (Control) 8 2 10 

Total 25 5 30 

Condition * Bacteria reproduce by doubling their genetic material and 
dividing in half, a process called mitosis. (T) Crosstabulation 

Count 

Bacteria reproduce by 
doubling their genetic 

material and dividing in 
half, a process called 

mitosis. (T) 

Total False True Total 
Condition Condition 1 4 6 10 

Condition 2 2 8 10 

Condition 3 (Control) 2 8 10 

Total 8 22 30 



Condition * Bacteria can only reproduce in a host call. fF| 
Crosstabulation 

Count 

Bacteria can only 
reproduce in a host 

eel!. (F) 

Total False True Total 
Condition Condition 1 8 2 10 

Condition 2 4 6 10 

Condition 3 (Control) 5 5 10 

Total 17 13 30 

Condition * Bacteria are a kind of cell. (T) Crosstabulation 

Count 

Bacteria are a kind of 
cell. (T) 

Total False True Total 
Condition Condition 1 4 6 10 

Condition 2 3 7 10 

Condition 3 (Control) 3 7 10 

Total 10 20 30 

Condition * Bacteria contain genetic material. (T) Crosstabulation 

Count 

Bacteria contain 
genetic material. (T) 

False True Total 
Condition Condition 1 4 6 10 

Condition 2 6 4 10 

Condition 3 (Control) 6 4 10 

Total 16 14 30 

Condition " Bacteria breed with each other to make baby bacteria. (F) 
Crosstabulation 

Count 

Bacteria breed with 
each other to make 
babv bacteria. (F) 

False True Total 
Condition Condition 1 7 3 10 

Condition 2 9 1 10 

Condition 3 (Control) 9 1 10 

Total 25 5 30 



Condition * Bacteria can grow and reproduce in a liost organism. |T] 
Cross tabulation 

Count 

Bacteria can grow and 
reproduce in a host 

organism. (T) 

Total False True Total 
Condition Condition 1 2 8 10 

Condition 2 0 10 10 

Condition 3 (Control) 0 10 10 

Total 2 28 30 

Condition * Bacteria can reporduce in the air. (T) Crosstabulation 

Count 

Bacteria can reporduce 
in the air. (T) 

Total False True Total 
Condition Condition i 2 8 10 

Condition 2 5 5 10 

Condition 3 (Control) 4 6 10 

Total 11 19 30 

Condition * A bacterium contains a nucleus like ther cells do. (F) 
Crosstabulation 

Count 

A bacterium contains a 
nucleus like ther cells 

do. (F) 

Total False True Total 
Condition Condition 1 3 7 10 

Condition 2 1 9 10 

Condition 3 (Control) 1 9 10 

Total 5 25 30 



Condition * Bacteria can grow in a petri dish or test tuise. 
|T| Crossteisulation 

Count 

Bacteria 
can grow 
in a petri 
dish or 

test tube. 
(T) 

Total True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

Condition * A bacterium is composed of cells. (F) Crosstabulation 

Count 

A bacterium is 
composed of cells. (F) 

Total False True Total 
Condition Condition 1 2 8 10 

Condition 2 2 8 10 

Condition 3 (Control) 4 6 10 
Totat 8 22 30 

Condition * Bacteria require nutrients to stay alive, grow, and 
reproduce. (T) Crosstabulation 

Count 

Bacteria require 
nutrients to stay alive, 
grow, and reproduce. 

CD 
False True 

Condition 

Total 

Condition 1 

Condition 2 

Condition 3 (Control) 

8 

8 

10 

26 



Condition * Bacteria reproduce the same way viroses do. fF) 
Crosstabyiation 

Count 

Bacteria reproduce the 
same way viruses do. 

(F) 

Total False True Total 
Condition Condition 1 8 2 10 

Condition 2 4 6 10 
Condition 3 (Control) 4 6 10 

Total 16 14 30 

Condition * Some bacteria cause Illness. fT) Crosstabulation 

Count 

Some 
bacteria 
cause 
illness. 

fT) 

Total True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

Condition * Bacteria can be killed with antiobiotics. (T) 
Crosstabulation 

Count 

Bacteria can 
be killed with 
antiobiotics. 

(T) 

Total True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 • 30 



Condition * Bacteria iiav® more complex structure than viruses do. fT) 
Crosstabulation 

Count 

Bacteria have more 
complex structure than 

viruses do. (T) 

Total False True Total 
Condition Condition 1 3 7 10 

Condition 2 9 1 10 

Condition 3 (Control) 8 2 10 

Total 20 10 30 

Condition * Bacteria are nasty little bugs that try to make you sick. (F) 
Crosstabulation 

Count 

Bacteria are nasty little 
bugs that try to make 

you sick. (F) 

Total False True Total 
Condition Condition 1 10 0 10 

Condition 2 10 0 10 

Condition 3 (Control) 7 3 10 

Total 27 3 30 

Condition * Bacteria are a kind of virus. (F) Crosstabulation 

Count 

Bacteria are a kind of 
virus. (F) 

Total False True Total 
Condition Condition 1 10 0 10 

Condition 2 7 3 10 

Condition 3 (Control) 8 2 10 

Total 25 5 30 

Condition * Bacteria are smaller than viruses. (F) Crosstabulation 

Count 

Bacteria are smaller 
than viruses. (F) 

Total False True Total 
Condition Condition 1 8 2 10 

Condition 2 6 4 10 

Condition 3 (Control) 6 4 10 

Total 20 10 30 



Condition ® Some bacteria cars move on their own. (J) Crosstabulation 

Count 

Some bacteria can 
move on their own. fT) 

Total False True Total 
Condition Condition 1 0 10 10 

Condition 2 1 9 10 
Condition 3 (Control) 5 5 10 

Total 6 24 30 

Condition * Bacteria live and they die. (T) Crosstabulation 

Count 

Bacteria 
live and 
they die. 

(T) 

True Total 
Condition Condition 1 10 10 

Condition 2 10 10 

Condition 3 (Control) 10 10 

Total 30 30 

Condition * Viruses are living things. (F) Crosstabulation 

Count 

Viruses are living 
things. (F) 

False True Total 
Condition Condition 1 10 0 10 

Condition 2 3 7 10 

Condition 3 (Control) 0 10 10 

Total 13 17 30 



Condition * Viryses lia¥e ail the same structyres you would find in any 
cell. fF) Crosstabuiation 

Count 

Viruses have all the 
same structures you 

would find in any cell. 

ID 
Total False True Total 

Condition Condition 1 10 0 10 

Condition 2 6 4 10 

Condition 3 (Control) 4 6 10 

Total 20 10 30 

ondition * Viruses get in your body for the purpose of making you sick 
(F) Crosstabuiation 

Count 

Viruses get in your 
body for the purpose of 

making you sick. (F) 

False True Total 
Condition Condition 1 3 7 10 

Condition 2 6 4 10 

Condition 3 (Control) 2 8 10 

Total 11 19 30 

Condition * Viruses are single-celled organisms. (F) Crosstabuiation 

Count 

Viruses are 
single-celled 

organisms. (F) 

False True Total 
Condition Condition 1 3 7 10 

Condition 2 6 4 10 

Condition 3 (Control) 8 2 10 

Total 17 13 30 



Conditioo * Viruses come in male and female forms. fF) 
Crosstabulation 

Count 

Viruses come in male 
and female forms. (F) 

Total False i True Total 
Condition Condition 1 10 0 10 

Condition 2 9 1 10 

Condition 3 (Controi) 7 3 10 

Total 26 1 4 30 

Condition * Viruses reproduce by doubling their genetic material and 
dividing in half, a process called mitosis. (F) Crosstabulation 

Count 

Viruses reproduce by 
doubling their genetic 

material and dividing in 
half, a process called 

mitosis. (F) 

False True Total 
Condition Condition 1 6 4 10 

Condition 2 4 6 10 

Condition 3 (Control) 3 7 10 

Total 13 17 30 

Condition * Viruses can only reproduce in a host cell. (T) 
Crosstabulation 

Count 

Viruses can only 
reproduce in a host 

cell. (T) 

Total False True Total 
Condition Condition 1 2 8 10 

Condition 2 3 7 10 

Condition 3 (Control) 2 8 10 
Totai 7 23 30 



Condition * Viruses are coated with proteins. (T) Crosstabulation 

Count 

Viruses are coated 
with oroteins, (T) 

Total False True Total 
Condition Condition 1 4 6 10 

Condition 2 6 4 10 

Condition 3 (Controi) 6 4 10 

Total 16 14 30 

Condition * Viruses contain genetic material. (T) Crosstabulation 

Count 

Viruses contain 
aenetic material. (T) 

False True Total 
Condition Condition 1 2 8 10 

Condition 2 7 3 10 

Condition 3 (Control) 5 5 10 

Total 14 16 30 

Condition * Viruses breed with each other to make baby viruses. (F) 
Crosstabulation 

Count 

Viruses breed with 
each other to make 

baby viruses. (F) 

False True Total 
Condition Condition 1 10 0 10 

Condition 2 10 0 10 

Condition 3 (Controi) 9 1 10 

Total 29 1 30 

Condition * A virus can grow bigger in the course of its life. (F) 
Crosstabulation 

Count 

A virus can grow bigger 
in the course of its life. 

fF) 
Total False True Total 

Condition Condition 1 5 5 10 

Condition 2 4 6 10 

Condition 3 (Control) 1 9 10 

Total 10 20 30 



Condition * ¥iryses can replicate in ths air, fF| Crosstaiiuiatiofi 

Count 

Viruses can replicate 
in the air. (F) 

Iota! False True Iota! 
Condition Condition 1 8 2 10 

Condition 2 4 6 10 
Condition 3 (Control) 4 6 10 

Total 16 14 30 

Condition * You can see a virus on a slide with a regular microscope. 
(F) Crosstabuiation 

Count 

You can see a virus on 
a slide with a regular 

microscope. (F) 
False True Iota! 

Condition Condition 1 5 5 10 

Condition 2 6 4 10 
Condition 3 (Control) 6 4 10 

Total 17 13 30 

Condition * Viruses can be grown in a petri dish or test tube. (F) 
Crosstabuiation 

Count 

Viruses can be grown 
in a petri dish or test 

tube. (F) 

False True Total 
Condition Condition 1 1 9 10 

Condition 2 4 6 10 
Condition 3 (Control) 7 3 10 

Iota! 12 18 30 

Condition * A virus is composed of cells. (F) Crosstabuiation 

Count 

A virus is composed of 
cells. (F) 

Total False True Total 
Condition Condition 1 S 2 10 

Condition 2 3 7 10 

Condition 3 (Control) 0 10 10 

Total 11 19 30 



CondftiOR ® 'Virusss require nutrients to grow and reproduce. {F) 
Crosstabyiation 

Count 

Viruses require 
nutrients to grow and 

reproduce. (F) 

Total False True Total 
Condition Condition 1 10 0 10 

Condition 2 4 6 10 
Condition 3 (Control) 3 7 10 

Total 17 13 30 

Condition * Viruses reproduce the same way that bacteria do. (F) 
Crosstabulation 

Count 

Viruses reproduce the 
same way that bacteria 

do. (F) 

Total False True Total 
Condition Condition 1 9 1 10 

Condition 2 6 4 10 

Condition 3 (Control) 5 5 10 

Total 20 10 30 

Condition * Some viruses cause illness in humans. (T) Crosstabulation 

Count 

Some viruses cause 
illness in humans. (T) 

Total False True Total 
Condition Condition 1 1 9 10 

Condition 2 0 10 10 
Condition 3 (Control) 0 10 10 

Total 1 29 30 

Condition * Viruses can be killed with antibiotics. (F) Crosstabulation 

Count 

Viruses can be killed 
with antibiotics. (F) 

Total False True Total 
Condition Condition 1 6 4 10 

Condition 2 3 7 10 
Condition 3 (Control) 8 2 10 

Total 17 13 30 



Condition Viruses have a mors complex structure than bacteria do. 
(F) Crosstabuiation 

Count 

Viruses have a more 
complex structure than 

bacteria do. (F) 

Total False True Total 
Condition Condition 1 7 3 10 

Condition 2 3 7 10 

Condition 3 (Control) 2 8 10 

Total 12 18 30 

Condition * Viruses are nasty little bugs that try to make you sick. (F) 
Crosstabuiation 

Count 

Viruses are nasty little 
bugs that try to make 

you sick. (F) 

False True Total 
Condition Condition 1 6 4 10 

Condition 2 8 2 10 

Condition 3 (Control) 6 4 10 

Total 20 10 30 

Condition * Viruses are a kind of bacteria. (F) Crosstabuiation 

Count 

Viruses are a kind of 
bacteria. (F) 

False True Total 
Condition Condition 1 10 0 10 

Condition 2 8 2 10 

Condition 3 (Control) 9 1 10 

Total 27 3 30 

Condition * Viruses are smaller than bacteria. (T) Crosstabuiation 

Count 

Viruses are smaller 
than bacteria. (T) 

Total False True Total 
Condition Condition 1 3 7 10 

Condition 2 5 5 10 

Condition 3 (Control) 4 6 10 
Total 12 18 30 



Condition * Some ¥iruses can mo¥e on a microscope slide. (F) 
Crosstabutation 

Count 

Some viruses can 
move on a microscope 

slide. (F) 

Total False True Total 
Condition Condition 1 4 6 10 

Condition 2 3 7 10 

Condition 3 (Control) 7 3 10 
Total 14 16 30 

Condition * Viruses live and die like other organisms. (F) 
Crosstabulation 

Count 

Viruses live and die 
like other organisms. 

(F) 

Total False True Total 
Condition Condition 1 10 0 10 

Condition 2 2 8 10 

Condition 3 (Control) 2 8 10 
Total 14 16 30 



APPENDIX E 

BACTERIA KNOWLEDGE AND VIRUS KNOWLEDGE 

PRETEST Full Score of Bacteria Knowledge and Virus Knowledge 

POST TEST Full Score of Bacteria Knowledge and Virus Knowledge 

General Linear Model 

Within-Subjects Factors 

Measure: MEASURE 1 

BACTERIA VIRUS 
Dependent 
. Variable 

1 1 

2 
PREBAFUL 

PTBACFUL 

2 1 

2 

PRVIRFUL 

PTVIRFUL 
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Multivariate Test# 

Effect Value F Hypothesis df Error df Sig. 
BACTERIA Pliiafs Tracs .739 76.553^ 1.000 27.000 .000 

Wilks' Lambda .261 76.553® 1.000 27.000 .000 
HotelSing's Trace 2.835 76.553^ 1.000 27.000 .000 
Roy's Largest Root 2.835 76,553® 1.000 27.000 .000 

BACTERIA "CONDiTiO Piilars Trace .005 .063^ 2.000 27.000 .939 
Wiiks' Lambda .995 .063^ 2.000 27.000 .939 
Hotelfing's Trace .005 .063^ 2.000 27.000 .939 
Roy's Largest Root .005 .0633 2.000 27.000 .939 

VIRUS Pillai's Trace .185 6.1302 1.000 27,000 ,020 
Wilks' Lambda .815 6.136^ 1.000 27.000 ,020 
Hotelling's Trace .227 6.136^ 1-000 27.000 .020 
Roy's Largest Root .227 6.136® 1,000 27.000 ,020 

VIRUS - CONDITIO Pillai's Trace .697 31.109® 2.000 27,000 .000 
Wiiks' Lambda .303 31,109® 2,000 27.000 .000 
Hotelling's Trace 2.304 31.109® 2.000 27.000 .000 
Roy's Largest Root 2.304 31.109® 2,000 27.000 .000 

BACTERIA *VSRUS Piflai's Trace .334 13.515® 1.000 27.000 .001 
Wilks' Lambda .666 13.515® 1.000 27.000 .001 
Hotelling's Trace .501 13.515® 1.000 27.000 .001 
Roy's Largest Root .501 13.515® 1.000 27.000 .001 

BACTERIA ^ VIRUS ' Pillai's Trace .209 3.562® 2.000 27.000 .042 
CONDITIO Wiiks' Lambda .791 3.562® 2,000 27.000 .042 

Hotelling's Trace .264 3.562® 2.000 27.000 .042 
Roy's Largest Root ,264 3.562® 2,000 27,000 ,042 

a. Exact statistic 

b. 
Design: Intercept+CONDITIO 
Within Subjects Design: BACTERiA+VIRUS-fBACTERIA*V!RUS 

Between-Subjecls Factors 

Value Label N 
Condition 1.00 Condition 1 10 

2.00 Condition 2 10 
3.00 Control 10 
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liaachif's Test of Sphsricifl' 

Measure: MEASURE 1 

Within Subja:ts Effect Mauchiys W 
^prox. 

Chi-Square df Sig. 

Epsiion® 

Within Subja:ts Effect Mauchiys W 
^prox. 

Chi-Square df Sig. 
Greenhous 
e-Geisser Huynh-Feldt Lower-bound 

BACTERIA 
VIRUS 
BACTERIA'VIRUS 

1.000 
1.000 
1.000 

.000 

.000 

.000 

O
 O

 
O

 

1.000 
1.000 
1.000 

1.000 
1.000 
1.000 

1.000 
1.000 
1.000 

Tests the nuil hypothesis that the error covariance matrix of the orthonormalizsd transformed dependent variables is 
prtportional to an identity matrix. 

a.,May be used to adjust the degree of freedom for the averaged tests of significance. Corrected tests are dispis^ in th 
Tests of Within-Subjects Effects table. 

b. 
Design: Intercept+CONDITIO 
Within Subjects Design: BACTERlA+ViRUS+BACTERIA*V!RUS 
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Tests of Witfsiii-Sufejects Effects 

Measure: MEASURE 1 

Source 
Type III Surn 
of Squares df Mean Square F Sig. 

BACTERIA Sphericity Assumed 616.533 1 616.533 76.553 .000 

Greenhous&-Geiss8i 616.533 1.000 616.533 76.553 .000 

Huynfi-Faldt 61S.533 1.000 616.533 76.553 .000 

Lower-bound 616.533 1.000 616.533 76.553 .000 

BACTERIA * CONDITIC Sphericity Assumed 1.017 2 .508 .063 .939 

Greenhouse-Geissei 1.017 2.000 .508 .063 .939 

Huynh-Feldt 1.017 2.000 .508 .063 .939 

Lower-bound 1.017 2.000 .508 .063 .939 

Error(BACTCRiA) Sphericity Assumed 217.450 27 8.054 

Greenhouse-Geissei 217.450 27.000 8.054 

Huynfi-Feldt 217.450 27.000 8.054 
Lower-bound 217.450 27.000 8.054 

VIRUS Sphericity Assumed 12.033 1 12.033 6.136 .020 

Greenhouse-Geissei 12.033 1.000 12.033 6.136 .020 

Huynh-Feldt 12.033 1.000 12.033 6.136 .020 

Lower-bouiid 12.033 1.000 12.033 6.136 .020 

VIRUS * CONDITIO Sphericity Assumed 122.017 2 61.008 31.109 .000 

Greenhouse-Geissei 122.017 2.000 61.008 31.109 .000 

Huynh-Feldt 122.017 2.000 61.008 31.109 .000 

Lower-bound 122.017 2.000 61.008 31.109 .000 

Error(V!RUS) Sphericity Assumed 52.950 27 1.961 

Greenhouse-Geissei 52.950 27.000 1.961 

Huynh-Feldt 52.950 27.000 1.961 

Lovver-bound 52.950 27.000 1.961 
BACTERIA • VIRUS Sphericity Assumed 53.333 1 53.333 13.515 .001 

Greenhouse-Geissei 53.333 1.000 53.333 13.515 .001 

Huynh-Feldt 53.333 1.000 53.333 13.515 .001 

Lower-bound 53.333 1.000 53.333 13.515 .001 

BACTERIA "VIRUS* Sphericity Assumed 28.117 2 14.058 3.562 .042 
CONDITIO Greenhouse-Geissei 28.117 2.000 14.058 3.562 .042 

Huynh-Feldt 28.117 2.000 14.058 3.562 .042 

Lower-bound 28.117 2.000 14.058 3.562 .042 

Error(BACTERiA'VlRU' Sphericity Assumed 106.550 27 3.946 

Greenhouse-Geissei 106.550 27.000 3.946 

Huynh-Feldt 106.550 27.000 3.946 

Lower-bound 106.550 27.000 3.946 
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Teste of Within-Siibjesls Contrasts 

Measure: MEASURE 1 

Source BACTERIA ViRUS 
Type 111 Sum 
of Squares df Mean Square F Sig. 

BACTERID Linear 616.533 1 616.533 76.553 .000 
BACTERIA *CONDIT!C Linear 1.017 2 .508 .063 .939 
Error{BACTERlA) Linear 217.450 27 8.054 

VIRUS Linear 12.033 1 12.033 6.136 .020 
VIRUS * CONOmO Linear 122.017 2 61008 31.109 .000 
Error{VlRUS) Linear 52.950 27 1.961 
BACTERIA "VIRUS Linear Linear 53.333 1 53.333 13.515 .001 
BACTERIA* VIRUS* Linear Linear 28.11? 2 14.058 3.562 .042 

Error(BACTERIA'ViRU; Linear Linear 106.550 27 3.946 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 

Transformed Variable: Average 

Source 
Type III Sum 
of Squares df Mean Square F Sig; 

Intercept 30146.700 1 30146.700 2700.152 .000 

CONDITIO 73.850 2 36.925 3.307 .052 

Error 301.450 27 11.165 
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DIFFERENTIATION DATA 

Pretest Bacteria and Virus Differentiation 

Condition Mean Std. Deviation N Min Max Variance 
Condition 1 3.0 1.83 10 0 6 3.33 
Condition 2 3.5 2.01 10 0 6 4.06 
Condition 3 4.3 i.83 10 1 6 3.34 
Total 3.6 1.90 30 0 6 3.63 

General Linear Model 

Within-Subjects Factors 

Measure: MEASURE 1 

DIFFEREN 
Dependent 

Variable 
1 

2 

PRBACDIF 

POSTDIFF 

Between-Subjects Factors 

Value Label N 
Condition 1.00 Condition 1 10 

2.00 Condition 2 10 

3.00 Control 10 
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Multwaiiat® Test# 

Effect Value F Hypothesis df Error df Sig. 
DIFFEREN Piiiai's Trace .281 10.56^ 1.000 27.000 .003 

Wife' Lambda .719 10.56©^ 1.000 27.000 .003 
HotePing's Trace .391 10.56^ 1.000 27.000 .003 
Roy's Largest Roa .391 10.56^ 1.000 27.000 ,003 

DIFFERED "CONDiTIO Piiiai's Trace .496 13.2«3 2.000 27.000 .000 
Wilks" Lambda .504 13.2663 2.000 27.000 .000 
Hotelling's Trace .983 13.26^ 2.000 27.000 .000 
Roy's Largest Root .983 13.26^ 2.000 27.000 .000 

a. Exact statistic 

b. 
Design: Intercept+CONDITIO 
Within Subjects Design; DiFFEREN 

Maychly's Test of Sphericity 

Measure: MEASURE 1 

Within Subjects Effect Mauchly's W 
Approx. 

Chi-Square df Sig. 

Epsilon® 

Within Subjects Effect Mauchly's W 
Approx. 

Chi-Square df Sig. 
Green hous 
e-Geisser Huynh-Feldt Lower-bound 

DIFFEREN 1.000 .000 0 1,000 1,000 1.000 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is 
proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the 
Tests of Within-Subjects Effects table. 

b. 
Design: Intercept+CONDITIO 
Within Subjects Design: DIFFEREN 
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Tests of Within-Subjects Effects 

Measure; MEASURE 1 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

DiFFEREN Sphericity Assumec 24.067 1 24.067 10.566 .003 

Greenhouse-Geisss 24.067 1.000 24.067 10.566 .003 

Huynh-Feidt 24.067 1.000 24.067 10.566 .003 
Lower-bound 24.067 1.000 24.067 10.566 .003 

DIFFEREN * CON[ 30 Sphericity Assumec 60.433 2 30.217 13.266 .000 

Greenhouse-Geiss? 60,433 2.000 30.217 13.266 ,000 

Huynh-Feldt 60.433 2.000 30.217 13.266 ,000 
Lower-bound 60.433 2.000 30.217 13.266 .000 

Error(DlFFEREN) Sphericity Assumec 61,500 27 2.278 
Greenhouse-Geisss 61.500 27.000 2.278 
Huynh-Feldt 61.500 27.000 2.278 
Lower-bound 61.500 27.000 2.278 

Tests of Wi thin-Subjects Contrasts 

Measure: MEASURE 1 

Source DIFFEREN 
Type III Sum 
of Squares df Mean Square F Sig. 

DIFFEREN Linear 24.067 1 24.067 10.566 .003 

DIFFEREN * CONDITI Linear 60.433 2 30.217 13.266 .000 

Error(DiFFEREN) Linear 61.500 27 2.278 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 

Transformed Variable: Average 

Source 
Type III Sum 
of Squares df Mean Square F Sig, 

Intercept 1075.267 1 1075.267 151.446 ,000 

CONDITIO 29.033 2 14.517 2.045 .149 

Error 191.700 27 7.100 
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