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Abstract 

Formative evaluation, as part of the instruction,ll design process, is the systematic 
collection of data for formillg decision~ to revise instruction al materials. This 
study compared the effectiveness, cost and efficie'ncy of four fOl'mative evaluation 
conditions: a) revision based on learner data (RLD), b) revision based on expert 
data (RED), c) revision based on both learner and expert data (RBD), anù d) 
revision without data (RND). Two more conditions were present in the study: 
materials in dra,ft (MID) and no treatment (NT). The NT condition consisted of 
students who were tested without (~xposure to the instructional materials. The 
instruction that was formatively ev:aluated was a six-page article describing the 
relationship between diet and cancer. The article was written by chemistry 
professors for an "undergraduate chemistry course for non-science students". 
Undergraduates (n= 187) provided the dfectiveness data. They randomly 
received one of the four formatively evaluated versions of the article, reuel the 
article, answered questions on an objective test, and indicated their confidence 
with respect to their responses. Professional revisors (n=8) provided cost data. 
Each revis or provided cost 4~stimates for aIl formative evaluation conditions. 
Efficiency was provided by Icombining effectiveness with cost data. Effectiveness 
differences were found between the MID and RLD, and the MID and RBD. The 
mean test scores, as weIl as the mean confidence-weighed test scores, of both 
RLD and RBD were significantly higher than those of the MID. Cost d~'ferences 
indicated three levels of cost. RND was the least costly formative evaluation 
condition. RLD and RED were equivalent in cost and more costly than RND. 
RBD was the mljst costly formative evaluation condition. With respect to 
efficiency, RLD was recommended. RLD was the Jeast costly condition that was 
significantly more effective than MID. This study presented a framework for 
future effectiveness, cost and efficiency comparisons. AIso, results have provided 
knowledge that can contribute to the development of a set of validated 
effectiveness, cost and efficiency guidelines for formative evaluation . 
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Résumé 

Évaluation formative dans le développement de matériaux pédagogiques est 
l'accumulation systématique des données afin de pouvoir décider comment réviser des 
matériaux pédagogiques. Cette étude compare les résultats d'apprentissage, les coûts 
et l'éfficacité de quatre conditions d'évaluation formative: a) révision basée sur des 
données d'élèves (RLD), b) révision basée sur des données d'experts (RED), c) 
révision basée sur des données d'élèves et d'experts (RBD) et enfin, d) révision basée 
sur aucune donnée (RND). Deux autres conditions étaient présentes dans cette étude: 
matériaux brouillon (MID) et aucun traitement (NT). La condition NT était composée 
par des étudiants qui ont été examinés sans avoir lu l'article pédagogique. 
L'instruction qui a été évaluée formativement était un article de six pages qui décrit la 
relation entre le regime et le cancer. L'article a été rédigé par des membres de faculté 
qui sont des profesr-:eurs de chimie dans un programme de chimie de premier cycle 
pour des étudiants non-inscrits dans un programme de sciences. Des étudiants du 
premier cycle (n = 187) ont fourni des résultats d'apprentissage. Ils ont reçu au 
hasard un des quatre articles évalués formativement ou matériaux brouillon, l'ont lu, 
ont répondu à des questions objectives et ont indiqué leur confiance en regard de leurs 
réponses. Des réviseurs professionels (n=8) ont fourni des données de coûts. Les 
données d'éfficacité ont été fournies en combinant les données d'apprentissage avec 
les données de coûts. Des différences d'éfficacité ont été constatées entre le MID et 
le RLD ainsi que le RBD. Les résultats d'examen des RLD et RBD ainsi que les 
résultats d'examen relié à la confiance des RLD et RBD étaient statistiquement plus 
élevés que ceux du MID. Des différences de coOts démontraient trois niveaux de 
coûts. RND était la condition d'évaluation formative la moins coûteuse. RLD et 
RED étaient équivalent et plus coûteux que le RND. RBD était la condition 
d'évaluation formative la plus coûteuse. Quant à l'éfficacité, le RLD a été 
recommandé. RLD est la condition qui est la moins coûteuse et la plus effective que 
le MID. Cette étude a dévéloppé la structure des analyses futures d'apprentissage, de 
coûts et d'éfficacité. De plus, les résultats ont fourni une connaissance qui pourrait 
contribuer au développement d'un ensemble de critères validés d'évaluation formative. 

N.B. L'usage du masculin s'applique autant aux femmes qu'aux hommes . 
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CHAPTER 1 

INTRODUCfION 

Formative evaluation, as part of the instructional design process, is the 

systematic collection of data for forming decisions to revise instructional materials 

(Dick & Carey, 1990; Flagg, 1990; Geis, 1987; Tessmer, 1993). It is a two-stage 

process that consists of data collection and revision (Dick & Carey, 1990; 

McAlpine & Weston, 1991). The reasons for employing formative evaluation are 

to 1) make instructional materials more effective before they are distributed to 

learners and 2) periodically verify the effectiveness of instructional materials once 

they have been put to use. 

The instructional design literature is in general agreement that formative 

evaluation is a necessary component in the instructional design process. Andrews 

and Goodson (1980) compared fort y instructional design models (models ranging 

from the year 1965 to 1979) and discovered that formative evaluation was 

rccommended in 38 of them. Le Maistre (1991)s in a review of 11 instructional 

design texts, found that they aIl recommended data collection and revision (i.e., 

formative evaluation). A comparison of 12 instructional design models was a150 

conducted by Stolovitch (1982). Data collection, the first stage in formative 

evaluation, was observed through three types of data: learner feedback data 

(learners' verbal or written comments), student posttest scores and expert review 

data (experts' verbal or written comments). Of the 12 models, collecting learner 

• fcedback data was recommended 10 times, collecting test score data was 
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recommended 11 times, and collecting expert review data was recol1lmended 4 

times. In a11 12 models, these data are then used to revise in the second stage of 

the formative evaluation process. 

In practice, however, rarely are instructional l1laterials formatively 

evaluated (Britton, Van Dusen, Gulgoz & Glynn, 1989; Pflieger, Chol1lienne, 

Bordeleau & Stolovitch, 1979). It is worth noting two reasons for the limited use 

of formative evaluation in the instructional design process. First, little cmpirical 

information exists to help instructional designers select an effective formative 

evaluation process that would optimize learning outcomes (McAlpinc & Weston, 

1991). Second, due to this lack of information, formative evaluation may be 

perceived as providing few benefits and high costs (see Bowler, 1978). This lack of 

effectiveness information combined with the perceived high costs undermines the 

efficiency of formative evaluation. 

Definition of Key Concepts 

Effectiveness of formative evaluation refers to the improvemcnt of learning 

outcomes, measured with a retention test, after instructional mate rials have becn 

formatively evaluated. 

Cost of formative evaluation refers to the resources rcquired to formatively 

evaluate instructional materials. Examples of such resources include time and 

money. 

Efficiency of formative evaluation refers to the relationship of effectivcness 

and costs (Rossi & Freeman, 1985). It is the "consideration of decision 

.. 
~ 

... :!_~ 
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alternatives in which both costs and outcomes are taken into actOunt in a 

systematic way" (I..evin, 1988, p.51). Therefore, as Gropper (1975) sugg~sted, the 

goal of efficiency, when formatively evaluating instructional materials, is to 

maximize the effectiveness of the materials white minimizing the costs. 

Purpose of Study 

To understand the interaction between the effectiveness, costs and 

cfficiency of formative evaluation, this study examined four formative evaluation 

conditions. Specifically, it compared four data col1ection combinations while 

maintaining revision constant. The four formative evaluation conditions under 

investigation were: 1) revising with learner data (RLD), 2) revising with expert 

data (RED), 3) revising \Vith both learner and expert data (RBD) and 4) revising 

with no external data (RND). In RND data were not collected from either 

learners or experts. Instead revisers internally generated their own data while 

revising. RND was included b~cause, in practice, revisions are often conducted 

without the collection of external data (e.g., textbook publishing). 

Research Questions and Hypotheses 

Three research questions have guided this study: 

01. Which formative evaluation condition most effectiveJy improves 

instructional materials? 

02. Which formative evaluation condition is Jeast costJy? 

03. When effectiveness and costs are compared, which formative evaluation 

• condition is most efficient? 
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To answer these research questions, four hypotheses \Vere tested. The 

hypotheses were divided into three categories: one examining effectiveness, one 

examining cost and one examining efficiency. The number of each hypothcsis \Vas 

matched with its respective research question. 

Effectiveness Hypotheses 

HIa. Any formative evaluation condition renders instructional matcrials more 

effective than materials in draft (MID). 

Hlb. There are no effectiveness differences among the formative evaluation 

conditions. 

Cost Hypothesis 

H2. There are no cost differences among the formative evaluation conditions. 

Efficiency Hypothesis 

H3. There are no efficiency differences among the formative evaluation 

conditions. 

Organization of Thesis 

In Chapter 2, the formative evaluation Iiterature is reviewed. In the 

literature review, formative evaluation is described conceptuaily, studies that have 

examined its effectiveness, cost and efficiency are reviewed, and a rationale for 

conducting the present study is provided. 

In Chapter 3, the methodology of this study is described. Specifically, the 

design, participants, materials, procedure and analyses used to produce 

• effectiveness and cost data are described. 
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Results of the tested hypotheses are reported in Chapter 4. The statistical 

treatments of these hypotheses are reported, and the main findings are stated and 

sllpported with tables and figures. 

In Chapter 5, the results are discllssed. Implications of the results are 

interpreted, examined, qualified, and compared to those of previolls formative 

evaillation effectiveness, cost and efficiency studies. Recommendations are made 

regarding the most efficient formative evaluation condition. Finally, the 

contributions of the present study are summarised, limitations are disctlssed and 

recommendations for future studies are suggested . 
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CHAPTER 2 

LITERA TU RE REVIEW 

The literature review is divided into four parts. In the first part a 

conceptual framework for formative evaluation is described. This framcwork is 

organized according to the stages of formative evaluation. In the second part, the 

literature on the effectiveness of various formative evaluation conditÎ'Jns is 

reviewed. In the third part, studies that have investigated cost and efticiency 

among conditions are reviewed. Finally, in the fourth part, limitations that cl11ergc 

from the reviewed literature are summarised in a problem statemcnt. 

Conceptual Framework: 

The 1\vo Stages of Formative Evaluation 

For the purpose of this study, formative evaluation of instructional 

materials has been conceptualized as having two stages: data collection and 

revision. In the data collection stage, data may be coIlected from learners, from 

experts, or {rom a combination of both these sources. It is also possible that no 

external data be collected at aIl. In such instances, the reviser is undcrstood to lise 

internaI data as the basis for revision decisions. In the revision stage, it is 

expected that expert sources revise. 

According to McAlpine & Weston (1991), conceptualizing a cJear 

distinction between the data collection stage and the revision stage allows for 

greater control in research studies of the formative evaluation process. This addcd 

• control can provide more information and more internaI validity on the 
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effectiveness of formative evaluation. For example, by separating data collection 

and control!ing revision, it may be possible to verify whether learners, experts, 

both, or neither of these conditions are responsible for generating more effective 

instructional materials. 

7 

Previous studies (e.g., Golas, 1983; Kandaswamy, Stolovitch & Thiagarajan, 

1976; Wager, 1983) and texts (e.g., Dick & Carey, 1990; Gropper, 1975) have also 

conceptualised formative evaluation to consist of two distinct stages, data 

collection and revision. However, most studies on formative evaluation have 

focused on controlling data collection while leaving revision uncontrolled (Dick, 

1977; McAlpine & Weston, 1991). Due to this lack of control, it is difficult to 

determine whether the data collection or revision stage is responsible for 

generating effective instructional materials. 

This section of the literature review describes in further detail the two 

stages of formative evaluation: data collection and revision. In the data collection 

stage, learner and expert data sources are elaborated upon whereas in the revision 

stage, expert revision sources are discussed. 

Stage One: Data Collection 

Data collection is the first stage of formative evaluation. In this stage, data 

can be collected on draft instructional materials from either learners or experts, or 

a combination of the two sources (Weston, 1991). 

Learner data are coUected from learners who are representative of the 

population for whom the materials are intended. Expert data (or expert review 



• 

• 

Effectiveness, Cost and Efficiency of Formative Evaluation 

data) can be collected from different kinds of experts, for example, subject matter 

experts (SMEs) or target population experts (TPEs) (Dick & Carey, 1990; Geis, 

1987; Saroyan & Geis, 1988). SMEs can be expected to generate fcedback on the 

content of instructional materials whereas TPEs can be expected 10 gencrate 

feedback on whether instructional materials are appropriate for the intcndcd 

learner (Kandaswamy, 1980; Thiagarajan, 1978). 

The primary distinction between learners and experts is their role in the 

data collection stage. Learners usually take on the role of lenrning but muy nlso 

critique. The learner role is often measured through pretests, posttcsts, <}uestions 

embedded in the mate rials, etc. The critic role entails judgements about matcrials 

provided through feedback comments, questioning, debriefing, etc. 

Experts, who are viewed as more capable of judging instructional mutcrials, 

usually take on the critic role (Geis, 1988). Experts are expccted ta rcview 

instruction al materials and provide data on aspects of the materials that fall 

within their area of expertise (Dick & Carey, 1990; Saroyan, 1989). Howcvcr, 

recent empirical findings contradict this notion. Tremblay (in progrcss) found that 

TPEs provided as much content-based data as did SMEs. Duy (1990) fllrther 

round that experts may not limit their critique to thcir acknowledged arca of 

expertise. 

Stage Two: Revision 

Revision is the second stage of formative evalllation. In this stage, the 

literature recommends th ai the data collected in the previous stage be uscd to 
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guide revision (Gropper, 1975). Revisions are usually conducted by experts. These 

experts include professional revisers, editors, instructional designers, instructors, or 

authors (Dick & Carey, 1990; Gropper, 1975). There are many instances, however, 

where instruction al materials are revised without external data (e.g., Golas, 1983; 

Montague, Ellis & Wulfeck, 1983). 

If revisers are not provided with data, revisers may take on the role of 

critics as weil as reviscrs (Le Maistre, in progress; Saroyan, 1989). For example, 

when experts were asked to revise without any data, Le Maistre (in progress) 

round that they first chose to critique the instructional materials and then revised 

them. 

Rcsearch on the EfTectiveness of Formative Evaluation 

The formative evaluation condition that most effectively improves 

instructional materials has been an ongoing topic of research. However, a 

distinction must be made between literature that recommends a condition based 

on an analysis of information about that data source (e.g., Carroll, 1988; 

Henderson & Nathenson, 1976; Nevo, 1985; Stolovitch, 1982; Weston, 1987) and 

research that recommends a condition based on empirical effectiveness 

comparisons (e.g., Dupont & Stolovitch, 1983; Golas, 1983). The former 

recommends a condition based on data about that source or based on data 

comparing two sources, whereas the latter recommends a condition by using data 

to revise instructional materials and then testing these mate rials on learners . 

Therefore, research on the effectiveness of formative evaluation will be discussed 
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in two parts. The first part will review studies that have made effectiveness 

recommendations based on an analysis of the data collected during formative 

evaluation (i.e., based on the data itself), and the second part will review studics 

that have made effectiveness recommendations based on clllpirical comparisons 

among formative evaluation conditions (i.e., based on learning outcomes). 

Effectiveness Recommendations Based on Analyses of Data 

10 

Researchers who base their effectiveness recommendations on information 

about a data collection source have not agreed on the most effective source. The 

disagreement is based on the fact that different researchers havc focused on 

different formative evaluation conditions. Those researchers that have focused on 

learner conditions have subsequently made recommendations in favour of such 

conditions. Those that have focused on expert conditions have subscquently made 

recommendâtions in favour of these conditions. Those that have focuseJ on both 

learner and expert conditions have subsequently made recommendations in favour 

of both conditions. The arguments supporting these individual recommendations 

will be dealt with separateIy. 

Recommendations for Learner Data 

Jt is recommended by sorne that learner data be used 10 revise 

instructional materials since learners will be the ones to ultimatcly use thcse 

materials (e.g., Henderson & Nathenson, 1976; Carroll, 1988). Researchcrs argue 

that experts frequently fail to identify problems experienced by learners, whiJe 

frequently detecting problems that do not really exist (Henderson & Nathenson, 
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1976). Therefore collecting data from learners, who c10sely represent the 

instructional material's target population, will result in more effective revisions 

(Carroll, 1988). 

Recommendations for Expert Data 

Others (e.g., Nevo, 1985) recommend that experts be used to collect data. 

11 

Nevo (1985), for instance, argues the following: Experts are in a better position to 

provide data when instruction is in the stages of development since expert 

feedback can be obtained without testing the instructional materiaJs. Such expert 

fcedback is valued because it adds to the credibility of formative evaluation. 

Furthermore, collecting expert review data is less time consuming and therefore 

Jess costly. 

Recommendations for Both Learner and Expert Data 

Still others (e.g., Dick & Carey, 1990; Geis, 1987; Stolovitch, 1982; 

Thiagarajan, 1978; Weston, 1987) recommend collecting data from both learners 

and experts. Sorne researchers further recommend that expert review data be 

collected from both SMEs and instructional design experts (IDEs) before learner 

feedback data is collected (Stolovitch, 1982; Thiagarajan, 1978). This ensures that 

Jcarners are exposed to both accurate content and an effective format that may 

facilitate the identification of problems. Dick & Carey (1990) recommend 

collecting data from both learners and experts. However, if a choice must be 

made, they recornmend that data be collected from learners since the instructional 

mate ri aIs are intended for them. 
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Since learner and expert data are qualitatively different (Geis, 1987; 

Weston, 1987) Weston (1987) suggests that both learners and experts provide 

data. Both should provide data on comprehensiveness, objectives and organization 

while experts alone should provide data on content accuracies and current 

thinking in a field. Revisions may be less effective if data are collccted only l'rom 

learners or experts (Weston 1987). 

Summary 

The aforementioned arguments supporting one or more formative 

evaluation conditions are based on information gathered about the conditions. To 

determine the most effective condition, data should be used tn revise instructÎol1al 

materials and then the revised materials should be tested on learncrs. In the l1ext 

section, studies that have done this are described. 

Effectiveness Recommendations based on Empirical Comparisons 

Effectiveness studies on formative evaluation will be divided into two 

categories: (1) draft-formative-evaluation comparisons and (2) among-fpnnative

evaluation comparisons. Draft-formative-evaluation comparisom, have comparcd 

formatively evaluated instructional materials to the original Mf D, whereas ill11ong: 

formative-evaluation comparisons have compared two or more formative 

evaluation conditions. 

Examples of Draft-Formative-Evaluation Comparisons 

Studies that have compared the effectiveness of the results of different 

formative evaluation conditions to MID have consistently found that formatively 



,'!",~ " 
~> 
{-

• 

• 

Effectiveness, Cast and Efficiency of Formative Evaluation 13 

evaluated instruetional materials are more effective (e.g., Baker, 1970; Baghdadi, 

1980; Kandaswamy, Stolovitch & Thiagarajan, 1976; Wager, 1983). Baker (1970) 

had ten instructional design graduate students design a lesson (on any topie) to be 

administered ta grade rive students. The lessons, along with test scores, were 

randomly distributed among the ten instruetional design students. The 

instructional design students revised the lessons and they were re-administered ta 

a different group of grade five students. Results showed significant improvements 

on the posttest scores. As a result, Baker cancluded that the revised materials 

were more effective than the MID. 

Kandaswamy, Stolovitch and Thiagarajan (1976) randomly distributed 

Icarner pretest-posttest data on an eighth grade mathematics lesson to four 

individual high schooI teachers acting as revisers. The revised version and the 

MID were administered to students and findings indicated that test scores of the 

rcvised versions of the instructional materials were higher than those of the MID. 

I3aghdadi (1980) replicated Kandaswamy, Stolovitch and Thiagarajan's (1976) 

study and found similar results: Formative evaIuation improved the effectiveness 

of the instructional materials when compared to the unrevised materials. 

Wager (1983) had four farmative evaluation graduate students revise 

instructional mate rials cansisting of a ninth grade mathematics lessan, using 

learner test data. These materials were then randamly distributed ta learners. 

Pretest-posttest scores indicated that the learner condition improved instructional 

mate rials when compared to MID. 
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Montague, Ellis and Wulfeck (1983) applied instructional quatity invcntory 

(lQI) procedures to a Navy radioman course that described several types of Navy 

caU signs. IQI uses a classification system developed by experts (see Montague, 

Ellis & Wulfeck, 1983) and does not require data. The classification system acts as 

a job aide by adding structure to the revision task since no data are provided. The 

revised version and the MID were administered to students and findings indicated 

that test scores for the revised versions of the instruction al matcrials were higher 

than those for the MID. 

The results of empirical draft-formative-evaluation comparisons can be 

summarised as foUows: Formative evaluation produces instructional materials lhat 

are more effective th an those in draft. However, these studies have Ilot been 

comprehensive. These studies have failed to compare more than one formative 

evaluation condition. Furthermore, the condition that has becn comparcd to MID 

has predominately been learner-based. Research on the effectivencss of ail 

possible combinations of formative evaluation conditions, when compared to MID, 

has not been done. Also, draft-formative-evaluation comparisons have not been 

conducted with higher education materials. It remains to be seen whethcr 

formative evaluation is as effective with higher education materials as it is with 

grade school materials. 

Examp]es of Among-Formative-Evaluation Comparisons 

Studies that have compared effectiveness among formative evaluation 

• conditions have reported consistent findings. Dupont and Stolovitch (1983) 
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compared the effectiveness of instructional materials formatively evaluated with 

data collected from learners and data collected from experts. The learner data 

consistcd of a retention test collected from 90 college students (An ability test was 

also included, however, effectiveness in the present study was only concerned with 

retention). The expert condition was not clearly defined (i.e., whether experts 

consisted of SMEs, TPEs, etc.). Revisers, consisted of professional staff members 

with sorne revising experience. The results of the retention test did not indicate a 

significant difference between materials formatively evaluated with learner data as 

opposed to expert data. 

Golas (1983) compared two formative evaluation conditions: a learner 

condition and revising without external data. The learner condition consisted of 

test data while those revis ers revising without any data used instructional editing 

guidelines which included the attributes of effective instruction developed by 

experts. These editing guidelines, similar to the job aide discussed in Montague, 

Ellis and Wulfeck (1983), add structure to a revis ion task when data is not 

provided. The instructional materials consisted of a U.S. Army training lesson. 

Seventy learners (U.S. Army soldiers) were randomly assigned to one of the two 

groups, were instructed to work through the materials, and were administered a 

posttest. Golas found no significant difference between the mean posttest scores 

of instructional materials revised with learner data and instructional materials 

revised without external data . 

• The findings of among-formative-evaluation studies suggest the following: 
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Effectiveness differences among-formative-evaluation conditions are non-existent. 

However, as with draft-formative-evaluation comparisons, these studies have not 

been comprehensive. They have never compared more than two formative 

evaluation conditions at a time, and RBD has never been empirically tested 

against other conditions. Furthermore, neither Golas (1983) nor Dupont and 

Stolovitch (1983) reported whether there were differences between MID Hnd the 

formative evaluation conditions. 

The Dupont and Stolovitch (1983) study is the only one to date that has 

investigated formative evaluation in a higher education setting. It is also the only 

study to date that has empirically compared learner conditions to expert data 

conditions. Golas' (1983) study is the only one to date that has empirically 

compared learner conditions to instructional materials revised without any 

external data. 

Summary 

In summary, the findings of empirical studies that have investigated the 

effectiveness of formative evaluation can be summarised as follows: 1) Learner 

data collection conditions have improved instructional materials when compared 

to MID and 2) no differences in effectiveness have been found among th\~ 

following formative evaluation comparisons: learner and expert, and learn,~r and 

no data. This study will comprehensively expand on and re-investigate these 

effectiveness findings . 

• 
, 

.. 4 
___________ ~-'. ~ .. Je .~~~-, .... IF~ 
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Research on the Cost and Efficiency of Formative Evaluation 

Most instructional design (e.g., Briggs & Wager, 1981) and formative 

evaluation texts (e.g., Lawson, 1975; Gropper, 1975) prescribe that efforts for 

improving effectiveness should produce benefits that outweigh costs. However, 

such texts provide liule information on the procedures to accomplish this. At 

most, they recommend that materials be formatively evaluated until differences in 

costs outweigh differences in effectiveness, that is, until it is no longer efficient 

(e.g., Lawson). However, information on the efficiency of formative evaluation has 

not been provided by these sources. 

Formative evaluation efficiency prescriptions can be found in published 

journal articles (e.g., Golas, 1983; Lowe, Thurston & Brown, 1983; Montague, 

Ellis & Wulfeck, 1983). Although this literature is the most complete to date, it is 

not comprehensive since it has not empirically compared the cost and 

effectiveness of ail possible formative evaluation conditions. This literature, which 

is reviewed below, is organized in a similar manner to the effectiveness literature. 

The first part will review studies that have made efficiency recommendations 

based on an analysis of effectiveness and cost data collected during formative 

evaluation (Le., based on the data itself), and the second part will review studies 

that have made efficiency recommendations based on empirical effectiveness and 

cost comparisons among formative evaluation conditions. 

Effectiveness Recommendations Based on Analyses of Data 

• Lowe, Thurston and Brown (1983) argue that collecting learner data from 
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only one learner, a strategy they termed Itthe clinical approachlt (pp.8), was lcast 

costly and therefore mast efficient. Cost data were collected by keeping track of 

the time (in hours) required to formatively evalllate instructional muteriuls with 

one learner. Drawing from the literatllre that suggests that any formative 

evaluation condition improves the effectiveness of instructional materials, Lowe, 

Thurston :md Brown (1983) prescribed that the least costly condition is the l110st 

efficient one. It was for this reason that they recommended the clinical approach. 

Effectiveness Recommendations based on Empirical Comparisol1s 

Montague, Ellis & Wulfeck (1983) found that the costs of formative 

evaluation would be Itconsiderably reducedlt (pp. 13) if an Instructional Quality 

Inventory (IQI) was applied in the instructional design process. Cost data were 

collected by keeping track of the time (in hours) required to formatively evalllate 

instructional materials with an IQI. This study concluded that instructional 

materials revised with an IQI were more effective th an those in draft, and since 

an IQI required less time to conduct th an other formative evalllation conditions, it 

if, therefore more efficient than other conditions. 

Golas (1983) compared the cost and efficiency of two formative evaluation 

conditions: one using learner data and one without external data but using 

instructional editing guidelines. She found that using editing guidelines was less 

expensive th an collecting data from learners. Cost data were collected using a 

model that compiles instruction al costs through a functional cost analysis. The 

• functional costs consisted of those accrued in data collection and revision. Golas 
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concluded that revising with editing guidelines was just as effective as revising 

with learner data, however less costly and therefore more efficient. 

Summary 

Rarely have efficiency recommendations been based on empirical dollar 

costs and market value comparisons. According to Levin (1983), two elements 

must be present when evaluating the efficiency of an educational project: (1) 

dollar costs (instead of time, effort, etc.) and (2) market value costs (instead of 

costs encountered in non-market settings, such as research-based costs). The lack 

of either one of these two elements will render an efficiency analysis artificial. 

Formative evaluation costs should 1) be compared to effectiveness data 

generated from comprehensive effectiveness studies, 2) reflect the real dollar costs 

of formatively evaluating instructional mate rials (see Lawson, 1975) and 3) not 

reflect inaccurate costs encountered in a research-based environment. Using 

accu rate costs in formative evaluation efficiency comparisons, and comparing 

these costs to empirical effectiveness data (see Komoski, 1974) may increase the 

perceived usefulness of formative evaluation research and may ultimately result in 

the increased use of formative evaluation. 

Problem Statement 

The rationale for this study extended from the limitations of previous 

research on formative evaluation. Previous studies have failed to conceptually 

separate data collection and revision, and have failed to control factors in data 

• collection and revision, therefore producing findings that were weak in internaI 
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validity. This study is the fourth in a programme of research that has consistently 

separated data collection and revision, and has controlled sources in datu 

collection and revision, in an attempt to increase internai validity. 

Previous studies have also not been comprehensive. No single study has 

compared more than two formative evaluation conditions at a time. This study 

comparcd four formative evaluation conditions among each other an·d to MID. 

Also, few studies have made use of materials intended for higher education. The 

materials used in this study were developed in higher education to he used by 

undergraduates. 

Finally, few studies have accurately examined costs among formative 

evaluation conditions and compared these costs to effectiveness data. This study 

examined both effectiveness and cost data, providing a measure of efficiency 

among the formative evaluation conditions. At a time when effectiveness and costs 

are of much concern in aIl aspects of education, efficiency information is 

necessary if formative evaluation is to have any influence on the devc)opment of 

instructional materials . 

• 
~~ 

~ f ~, ~~~»J~~;j 
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CHAPTER 3 

METHODOLOGY 

This chapter is divided into four parts. The first part describes this study in 

the context of a research programme, the second part oudines how effectiveness 

data were collected and analyzed, the third part outlines how cost data were 

co))ected and analyzed, and the fourth part outlines how effectiveness and cost 

data were combined to produce efficiency data. Parts 2 and 3 are further divided 

into five sections: design, participants, materials, procedure, and analyses. Part 4, 

since it combines effectiveness and cost data, is composed of one section: 

analyses. 

Part 1: The Research Programme 

This study is the last in a programme of research on formative evaluation 

of instructional materials. Using the same draft instructional material, each study 

has made use of prescribed task instructions to collect data from different sources 

(Israeloff, 1992; Rahilly, 1991b; Tremblay, in progress) and to revise the 

instructional materials (Le Maistre, in progress). The ove rail goal of this research 

programme has been to provide research-based effectiveness and efficiency 

guidelines when formatively evaluating instructional mate rials. This programme of 

study differs from other studies (e.g. Dupont & Stolovitch, 1983; Golas, 1983; 

Wager, 1983) in that many sources in the formative evaluation process have been 

controlled and independently studied . 

• The learner data in the present study were provided by Rahilly (1991b). 

~r . . ~ .. 
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Demographically similar undergraduates provided the research programme with 

learner pretest and posttest scores (i.e., learners in the raIe of learners) as weil as 

learner feedback data (i.e., learners in the role of critics). The expert data were 

provided by Israeloff (1992) and Tremblay (in progress). Demographically similar 

subject matter experts and target population experts provided the research 

programme with expert review data (Le., experts in the raIe of cri tics). 

Demographically similar instructional designers then used combinations of lcarner 

and expert review data to revise the draft instructional material (Le., experts in 

the role of revisers) (Le Maistre, in progress). 

As a result of these studies, the revised materials represented the outcomes 

of four formative evaluation conditions: 1) instructional materials revised with 

learner data (RLD), 2) instructional materials revised with expert data (RED), 3) 

instructional materials revised with both learner and expert data (RBD), and 4) 

instructional mate rials revised with no data (RND). Two more conditions were 

added: (5) materials in draft (MID), and (6) a no treatment (NT) condition. The 

NT condition consisted of students who were tested without exposure to the 

instructional materials. This condition was included for baseline comparisons (see 

Bordens & Abbott, 1991) and ta ensure that Iearners were not familiar with the 

content of the instructional materials (Dick, 1986). The MID condition was 

included for draft-formative-evaluation comparisons . 

• 
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Part 2: EtTectiveness· 

Design 

In the effectiveness study, experimental research methodologies were used. 

Of the three true experimental designs described by Campbell & Stanley (1963), 

pretest-posttest, posttest-only, and Solomon four-group, the posttest-only design 

was selected . 

. Independent Variable: Formative Evaluation Conditions 

The independent variable consisted of six categorical conditions: NT, MID, 

RND, RLD, RED, RBD. The four latter were the formative evaluation conditions 

under investigation. 

Dependant Variable: Effectiveness 

Two measures of effectiveness were used, test scores and confidence-

weighted test scores. Confidence-weighted test scores were included because: a) 

the advantages of weighting for confidence have been documented in the testing 

Iiterature2 however confidence weights have never been used in formative 

evaluation and b) they could be used to verify the internaI validity of the 

effectiveness findings (see Bordens & Abbott, 1991). 

1 Effectiveness research Question and h~otheses. 
QI. Which formative evaluation condition most effectively improves instructional materiaIs? 
HIa. Any formative evaluation condition renders instruction al materials more effective than MID. 
Hlb. Therc are no effectivcness differences among the formative evaluation conditions. 

2 There are several advantages to contidence-weighing test items: a) Controls for guessed 
ans\Vcrs. b) Increases the reliability of tests (Anderson, 1982; Friedland & Michael, 1987; Wen, 
1975). c) Inereases examinees ability to assess the correctness of answers (Anderson, 1982; Pressley 
& Ghatala, 1988; Sieber, 1979). d) Has a positive correlation with learners' Undetf.landing of the 
instructional materials (Kulhavy, Stock, Hancock, Swindell, & Hammrich, 1990). 
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Participants 

A total of 198 McGill University undergraduates participated in the study. 

Participants were solicited from severallarge lectures (e.g., Chemistry for Non

science Students, Political Science, Math Curriculum and Instruction, etc.) amI 

were randomly assigned to one of the six conditions. The students were told that 

they were participating in an "evaluation of instructional mate rials" study and that 

the materials were being evaluated and not the students themselvcs. They 

understood that participation was voluntary, that they could stop uny time without 

prejudice, and that they were ta sign a consent form that satisfied McGill 

University's Faculty of Education Ethics Committee on the use of human subjccts 

in research. Participants were paid $10.00. 

Of the 198 students that participated, 11 students (5.61 %) misllnderstood 

the task instructions and therefore their test scores could not be inclllded in the 

analyses. The most common errors included neglecting ta answer ail the itel11~ on 

the test. 

Of the final pool of 187 students, 115 were female (61.5%) and 72 were 

male (38.5%). Participants were between the ages of 17 and 33. As Table 1 

indicates, participants in a11 formative evaluation conditions were demographically 

similar. A series of one factor completely randomized analyses of variance 

(ANOV As) were conducted among the six conditions. ResuIts indicated no 

significant differences in age and declared grade point average (GPA) among the 

conditions. Chi-square tests for sex, degree program, year of study, and declared 
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Table 1 

I--carner Demographie Characteristics (n = 187) 

Formative Evaluallon Condilions 

NT MID AND ALO RED RBO 

Demographie 
Charecterlslles 

M §Q M SO M SO M §Q M §Q M SO 

Age 
t9.40 125 1962 280 20.20 2.82 20 10 1.72 20.12 2.18 1983 191 

E (S, 177) • .65, e > .05 

Grade point average (GPA) 
338 29 322 35 323 .32 324 .69 302 67 338 29 

E(5,6S) • 92, I! > .05 

li :! li :! ~ ~ ~ :! li :! li :! 

SeK 
Femel. 20 107 19 102 19 10.2 17 9.1 26 139 14 7.5 
Mal. la !l3 12 64 12 8~ 14 7.5 8 43 16 88 

12(5, ~ • 187) - 693, I! > 05 

Current UnlverSlly Degree 
BA. 14 75 la !l3 14 7.5 13 7.0 15 8.0 t7 q 1 
BS<: 11 !l9 tl !l9 Il 59 10 !I.3 8 43 7 37 
BCom 0 0 a 0 0 0 1 5 0 0 a (i 

B.Ed. 5 2.7 la !I.3 G 32 7 37 10 53 4 21 
Other 0 0 0 0 0 0 0 0 5 2 1.1 

12(20, ~ • 187) • 1997, I! > Ob 

Current Vear 
Ul 25 135 28 141 23 124 18 9.7 24 130 20 108 
U2 2 1.1 5 27 5 2.7 10 54 8 4.3 9 4.9 
U3 2 1.1 0 0 .5 3 1.6 1 5 a 0 
U4 1 5 0 0 5 0 0 0 0 .5 

12(15, ~ • 185) • 17 85, e> 05 

Academie Performance 
As 8 45 45 Il 61 10 5.6 8 45 4.5 
Bs 21 Il.7 21 Il.7 18 10.1 13 106 22 123 19 106 
c. 1 .6 .6 1 .6 .6 0 0 2 1.1 

12(10, ~ • 179) .359, I! > 05 

• 
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academic performance also indicatcd no significant differencc among participants 

from the six conditions. Therefore, random distribution did slIcceed in cre~ltjllg six 

demographically similar groups. 

Materials 

Each student received a mate rials package comprising three parts. The first 

part contained specifie instructions, praetice exercises, demographic questions, and 

a consent form. The second part contained the trealmcnt. The third part 

contained two measures of effectiveness: a test and confidence seules to gcnclale 

confidence weighted test score'j. 

Treatment: Instrllctional Materials 

The instructional materials were the MID and the four revised vcrsions of 

a six-page article entitled The Diet-Cancer Relationship. This article was writlcn 

by chemistry prafessors (subject matter experts) and is currently lIscd in a COL" sc 

they teach: an undergraduate chemistry course for non-science studenls. The 

inslructional materials cOllld also be used for independent study. 

Effectiveness Measures: 

1) Retention Test 

The retention test, developed by Fenster, Harpp & Schwarz (1990) and 

Rahilly (1991b), consisted of 30 items: 13 true or false staterncnts and 17 multiple 

choice questions. The test, graded out of 30, measured stuucnts' ability ta 

recognize specifie key concepts. Therefare, it measurcd declarative knowledgc al 

lower levels of the cogni tive domain. 
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2) COllfidence-weiglzted Test . 
Also included in the test were 30 confidence scales, one per test item. 

These confidence scales required students to indicate their degree of confidence 

regarding the correctness of their responses using a four-point Likert scale ranging 

from not confident, somewhat confident, quite confident, to very confident. Figure 

1 provides a sample true or false statement, a sample multiple choice question, 

and a sample confidence-weighing scale. 

Procedure 

Students randomly received one of six mate rials packages. Randomization 

was obtained by shuffling the materials packages before they were distributed to 

the students (Table 2 provides a breakdown of the number of participants in each 

experimental condition). Students were informed that their materials package 

could be different from that of the person sitting next to them. Students who 

received an article were instructed to read the article and answer all the items on 

the test without referring to the article. Students in the NT condition were 

informed to answer the items on the test to the best of their ability. AlI students 

bcgan the procedure simultaneously and worked through the materials package at 

their Qwn pace. Data collection sessions did not exceed one hour. 

Analyses 

Per item confidence weights were combined with the test responses to 

produce a confidence-weighted test score. This was done using a procedure 

• recommended by Echternacht (1972): Correct answers with corresponding high 
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Figure 1 

Sample True or False Statement. Multiple Choice Question. and ConfidenC'C· 

weighing Seale 

5. T F consuaption of naturally occurrinq carcinoqena h ail 
environmeutal factor wbich •• y cause canCer. 

18. Nutrl tional quidelin.. for tb. population ... wbol.: 
a) Neglect regional differences in the food availability 

makinq their application impossible. 
b) Hay be improperly applied leading many scientist to 

object to their recommendation. 
c) Do not consider foods from differing cultural origins. 
d) Ignore individual differences in height, weight and bone 

size . 

.. • .. 
i 1 

1. t ••• 2 •• tt .J •••.• 4 

.- .. .. 1 ~ • A .. .i l i 

1 ••••• 2 •• If .3 ••••• 4 
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Table 2 

Number of Participants in the Formative Evaluation Conditions 

Completed Spoiled 

Formative Evaluation Condition 

a) No treatment (NT) 30 

b) Materlals in draft (MID) 31 

c) Materlals revised without data (RND) 31 4 

d) Materlals revised with learner data (RLD) 31 1 

e) Materials revised with expert data (RED) 34 2 

f) Materlals revlsed with both sets of dat..! (RBD) 30 2 

Totals 187 11 

• 
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confidence rating& received more weight than correct answers with correspondin!~ 

low confidence ratings. On the other hand, incorrect answers with corresponding 

low confidence ratings received more weight than incorrect answers \Vith 

corresponding high confidence ratings. The four point confidence scale combined 

with the possibility that an answer was either correct or incorrect crcated a range 

of eight possible weights. The weights ranged from 4 (i.e., a highly confident 

correct response) ta -4 (i.e., a highly confident incorrect response). Zero was not 

included. 

The test scores with eight possible confidence weights reslilted in a total 

range of confidence-weighted test scores from -120 ta 120 grades. For example, if 

a student scores 30 out of 30, and is very confident on ail responses, then this 

stlldent will score 120 on the confidence-weighted test score. If, on the other hUlld, 

a stlldent scores 0 out of 30 on the test, and this student is also very confident that 

these responses are correct, then this student will score -120 on the confidence 

weighted test. 

A one factor completely randomized analysis of variance (ANOV A) as weil 

as various post-hoc tests were selected ta test HIa and Hlb. The one-tailed 

Dunnet post-hoc test was selected for HIa and the two-tailed Tukey post hoc test 

was selected for Hlb. The rationale for selecting these tests is described below. 

The Dunnet post-hoc test was selected ta test HIa since many statistical 

sources in the behavioral sciences recommend using it when multiple pairwise 

• comparisons between the MID and formative evaluation conditions are made 
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(e.g., Glass & Hopkins, 1984; Hopkins & Chadbourn, 1967; Kirk, 1982; Keppel, 

1973; Pagano, 1986; Winer, 1971). The one-tailed option was selected because 

statistical sources (e.g., Bordens & Abbott, 1991; Hopkins & Chadbourn, 1967; 

Kappel & Zedcck, 1989) recommend it when alternate research hypotheses are 

bcing tested. 

For Hl b, the Tukey post-hoc test was selected since many statistical 

sources recommend using it with designs that involve paired, multiple contrasts 

(e.g., Glass & Hopkins, 1984; Hopkins & Chadbourn, 1967; Kirk, 1982; Keppel, 

1973; Winer, 1971), such as among-formative-evaluation comparisons. The two-

tailed option was selected because many statistical sources (e.g., Bordens & 

Abbott, 1991; Hopkins & Chadbourn, 1967; Keppel & Zedeck, 1989) recommend 

it when null research hypotheses are being tested. 

Part 3: Cose 

Design 

Quasi-experimental methodologies were used to collect cost data. Since 

participants had to estimate the cost of a number of formative evaluation 

conditions, a within-subject (often called repeated measures) design was used. 

Independent Variable: Formative Evaluation Conditions 

The independent variable consisted of four conditions, rather than the six 

3 Cost research questions and hypotheses. 

• Q2. Which formative evaluation condition is least eostly? 
H2. Therc are no cost differences among the formative evaluation conditions. 
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used for the effectiveness study, since the NT and MID conditions did not includc 

formative evaluation. 

Dependant Variable: Cost Estimates 

The dependant variable consisted of the four cost estimates. 

Participants 

Eight demographically similar professional revisers, a11 instructional 

designers, provided cost information on the four conditions. They were chosen 

because they had already worked with the instructional materials and were experts 

in the business of designing and revising instruction. 

A series of one factor completely randomized ANOY As revealed 

nonsignificant differences in years of experience and number of instructional 

design courses. Chi-square tests of university truining and experience with 

providing cast estimates also revealed no significant differences across 

instructional designers. Table 3 summarises the demographic characteristics of the 

instructional designers. 

Materials 

Cost information, on the draft instructional mate rials, was collected with a 

four-item questionnaire. The questionnaire described the four formative 

evaluation conditions and th en requested that participants provide four dollar cost 

estimates; one for each condition. 

The questionnaire, along with a caver letter, the article in draft, a ~hort 

• description of the four conditions, and a stamped self-addressed envelope was 
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Table 3 

1 nstructional Designer Demographie Charaeteristics (n - 8) 

Instructional Designers 

Demographie 
Characteristlcs 

M SD 

Years of experience 9.25 3.80 
E(6, 1) = .22, p>.05 

No. of Instructlonal 1.88 .78 
Design courses 
E(6, 1) = 1.46, p>.05 

N % 
Degree 

M.A. In Ed. Tech. 6 75 
Ph.D. in Ed. Tech. 1 12.5 
Other 1 12.5 

X2(12, t! = 8) = 16, Q > .05 

Experience ln providing cost 
estimates 

Every day 0 0 
A few times per week 0 0 
At least once per week 0 0 
At least once per month 1 12.5 
A few times per year 5 62.5 
Less often than the above choices 2 25 
Never 0 0 

~(4, t! = 8) = 1.6, R > .05 

• 
!...."., , 
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packaged so that it could be mailed to instructional designcrs. Instructional 

designers were provided with telephone numbers in the event the ÎnstruciÏol1s 

\Vere unclear. 

Procedure 

Ten participants were solicited by telephone, and ail agreed ta providc cost 

estimates. The package was mailcd immediately and a reminder was muiled tcn 

days later. Eight participants returned the questionnaire (80% rcspollsc rate). 

Analyses 

Since each instructional designer provided cast estimatcs for ail four 

formative evaluation conditions, a within group single factor analysis of variance 

(ANOVA) was used to test H2 in arder to control for the repeatcd I11casurcs 

factor (Keppel & Zedeck, 1989). Univariate F-tests were then used to test for 

significant cast differences among the formative evaluation conditions. 

Part 4: Efficicncy4 

Analyses 

Nagel's (1983) efficiency score method was used to test H3. Efficie Ilcy, in 

formative evaluation studies, refers ta the relationship between the cffectivcness 

and cost of a formativ,e evaluation condition. The most efficient condition will he 

the one that maximizes effectiveness while keeping costs at a minimum. 

4Effidency research questions and hypotheses 

When effcctiveness and costs arc compared, which formative evaluation condition is most efficient? 
There are no efficiency differences among the formative evaluation conditions. 
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CHAPTER 4 

RESULTS 

In this chapter the tests of the hypotheses are provided. The findings are 

reported in three parts, effectiveness, cost and efficiency findings. 

Part 1: EfTectiveness Findings 

While comparisons between NTl and the other conditions are not of 

interest in this study, a preliminary analysis was conducted to determine whether 

the learners were familiar with the content of the instructional materials. The 

resulting significant differences between the NT and the other conditions, for both 

test scores and confidence-weighted test scores, indicated that learners were not 

familiar with the content of the instructional materials. 

Hypothesis la (HIa) 

Any [onnative evaluation condition renders illstructional materials more effective than 

MID. 

HIa was rejected. 

Test Scores 

A one factor completely randomized analysis of variance (ANOY A) 

indicated a significant difference in test scores across the conditions at a = .05, 

E(5, 181) = 12.60, p< .05. A one-tailed Dunnett post-hoc analysis found that the 

1 Ail conditions. 
NT = No trcatment. 
MID = Materials in draft. 
RND = Revision not based on data. 

RLD = Revision based on learner data. 
RED = Revisions based on expert data . 
RBD = Revisions based on both Jearner and 

expert data. 
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test scores for only RLD2 and RBD were significantly higher than test scores of 

MID. Mean test seNes for MID, RLD and RBD conditions were 19.32,21.32 and 

21.47 respectively. The mean test scores are summarised in Table 4 and 

graphically illustrated in Figure 2. 

Confidence-weighted Test Scores 

A one factor completely randomized ANOVA indicated a significant 

difference in confidence-weighted test scores across the conditions at a = .05, E(5, 

181) = 16.44, 12 < .05. A one-tailed Dunnett post-hoc analysis found that the 

confidence-weighted test scores for only RLD and RBD were significantly higher 

than test scores of MID. Mean confidence-weighted test scores for MID, RLD 

and RBD conditions were 30.13, 44.90 and 48.23 respectively. The mcan test 

scores are summarised in Table 4 and graphically ilIustrated in Figure 3. 

Hypothesis lb (HIb) 

Tizere are no effectiveness differences amollg the formative evaluation conditions. 

H1b was accepted. 

Test Scores 

A one factor completely randomized analysis of variance (ANOVA) 

indicated a significant difference in test scores across the conditions at a = .05, 

F(5, 181) = 12.60,12< .05. However, a two-tailed Tukey post hoc test indicated 

2 Ali conditions. 
NT = No treatment. 
MID = Materials in draft. 
RND = Revision not based on data. 

RLD = Revision based on learner data. 
RED = Revisions based on expert data. 
RBD = Revisions based on both learner and 

expert data. 
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Table 4 

Results of Analyses: Test Scores (n= 187) and Confidence-Weighted Test Scores 

(n=187) 

Test scoresA 

(0 to 30) 

Confidence
weighted 
test scoresA 

(-120 to 120) 

Note: 

Formative Evaluation Conditions 

NT MID RND RLD RED RBD 

15.70 2.89 19.32 3.64 20.97 3.51 21.32 3.02 20.65 3.95 21.47 3.23 

7.77 13.37 30.13 19.08 40.39 21.15 44.90 17.94 4032 25.87 48.23 20 04 
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ASignificant difference was found between MID and RLD and between MID and 

RBD. 

t 
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Figure 2 

Effectiveness Findings: Mean Test Scores Among Formative Evaluation 

Conditions 
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Figure 3 

Effectiveness Findings: Mean Confidence-Weighted Test Scores Among Formative 

Evaluation Conditions 
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that this difference was not among any of the formative evaluation conditions. 

Confidence-weighted Test Scores 

A one factor completely randomized ANOVA indicatcd a sigllificant 

difference in confidence-weighted test scores across the conditions at Ct = .05, 1:(5, 

181) = 16.44, 12 < .05. However, a two-tailed Tukey post-hoc test found that this 

difference was not among any of the formative evaluation conditions. 

Part 2: Cost Findings 

Hypothesis 2 (H2) 

There are no cost differellces among Ille formative evalua/ion conditioll.\'. 

H2 was rejected. 

A within group single-factor ANOVA indicated a significant differencc in 

cost estimates among the formative evaluation conditions, E(3, 21) = 11.17, 

12<.05. The Univariate F-tests found that RND was the least costly formative 

evaluation condition. RLD and RED were statistically cquÎvalent in cost and 

more costly than RND. RBD was the most expensive formative evaluution 

condition. The progression of conditions, from )east to 1110st expensive, was: RND 

< RED:::: RLD < RBD. Mean cost estima tes for this progression were $586.25, 

$809.38, $987.50 and $1300.00 respectively. Cost-estimates are ~lImmariscd in 

Table 5 and graphically illustrated in Figure 4 . 
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Table 5 

Results of Analyses: Costs (n =8) Among the Formative Evaluation Conditions 

Formative Evaluation Conditions 

, 
NT MID AND ALD RED RBD 

.:~-
;, 
f· 
r M SD M SO M SD M SD M SD M so 
" 

i. 

" • 
~ CostsA 566 277 809 371 988 513 1300 713 
jZ (in dollars) . 

Note: 

ASigllificant difference was found between aIl combinations except RLD and 

RED . 

• 
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Figure 4 

Cost Findings: Mean Cost-Estimates Among Formative Evaluation Conditions 
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Part 3: Effic!cncy Findings 

Hypothesis 3 (H3) 

There are no efficiency differences amollg the formative evaluation conditiollS. 

1-13 was rejected. 

43 

RLD and RBD significantly improved instructional mate rials when compared 

to MID, and no significant difference was found between RLD and RBD in terms 

of effectiveness. However, RBD is significantly more costly than RLD. Therefore, 

if the intent is to maximize effectiveness and minimize costs, th en RLD is the 

1110st efficient formative evaluation condition . 
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

Overview 

Three questions were addressed in this study: 

QI. Which tonna/ive evaluation condition most effectively improves illStrue/iollal 
materials? 

Q2. Which [onnative evaluation condition is least costly? 
Q3. Whell effectiveness and costs are compared, which formative evallla/ion 

condition is most efficient? 

In this chapter these questions are answered by examining, qualifying and 

drawing inferences from the resuIts. In the first section, the main findings are 

summarised. In the next three sections each research question addressed in this 

44 

study is examined in detaiI. In the remalning three sections, recommendations for 

practitioners are made, the study's contribution to knowledge is reviewed, and 

limitations are discussed as weil as recommendations for future studies. 

Summary of Main Findings 

The main findings can be summarised as follows. Specifie formative 

evaluation conditions, when compared to MID, significantly improve instructional 

materia]s. RLD1 and RBD generated instructional mate rials that wcre 

significantly more effective than MID. Differences in effectiveness Hmong the 

formative eva]uation conditions were not found. These rcsults were consistent 

1 Ali conditions. 
NT = No lreatmcnt. 
MID = Materials in draft. 
RND = Revision not based on data. 

RLD = Revision bascd on Icarner data. 
RED = Revisions based on expert data . 
RBD = Rcvisions bascd on both Icarner and 

expert data. 
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across both measures of effectiveness, that is, test scores and confidence weighted 

test scores. 

Cost differences were found among the formative evaluation conditions. 

Resllits indicated three levels of costs. RND was the least costly formative 

evaluation condition. RLD and RED were statistically equivalent in cost and 

more costly than RND. RBD was the most costly formative evaluation condition. 

A comparison of cost and effectiveness outcomes provided efficiency 

information. Since RLD and RBD both significantly improved instruction al 

materials when compared to MID and since no significant difference was found 

between RLD and RBD, then cost became an important factor in determining the 

most efficient condition. As RBD was significantly more costly th an RLD, then 

RLD was the most efficient formative evaluation condition. These findings are 

discllssed in more detail in the sections to follow. 

Interpretation of Effectiveness Findings 

The effectiveness of various formative evaluation conditions can be 

compared in two ways; by making draft-formative-evaluation comparisons and by 

making among-formative-evaluation comparisons. This distinction was made since 

information provided by these two types of comparisons is different. Draft-

formative-evaluation comparisons provide information as to whether particular 

formative evaluation conditions are more effective than the MID, whereas among-

formative-evaluation comparisons provide information as to whether particular 

• formative evaluatiol1 conditions are more effective than others. 
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Draft-formative-evaluation Comparisons 

Both effectiveness measures (Le., test scores and confidence-wcighted test 

scores) indicated that only the formative evaluation conditions RLD and RBD, 

when applied to MID, improved instructional mate rials. This finding is consistent 

with previous research findings (e.g., Abedor, 1971; Baker, 1970; Kandaswamy, 

Stolovitch & Thiagarajan, 1976; Wager, 1983) indicating that learner data 

significantly improve MID. 

Previous draft-formative-evaluation studies have only compared learner 

data to MID while claiming that any kind of formative evaluation will improve 

instructional mate rials. However, one cannot assume that aIL conditions will 

render instructional materials more effective than MID based on these previous 

findings. As the results of the present study indicate, only the conditions that 

make use of learner data (i.e., RLD, RBD) improve MID. The implication is that 

learner data, whether used al one or in combination with other data, will 

significantly improve MID. It was only through the comparison of combinations of 

learner and expert data sources that such findings could have surfaced. 

A Rationale for the Effectiveness of RLD and RBD 

We cannot conclu de without asking wlzy combinalions of dala III al include 

learners are more effeclive in formatively evalual/ng MID. Nathenson and 

Henderson (1977) provide two rational es for collecting data from ]carners and 

these will be discussed in light of the present findings. (1) Learners may be in a 

• better position to detect problems in the materials than are experts since learners 
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more cIosely represent the instructional material's target population (Nathenson & 

Henderson, 1977). The present findings provide support for this rationale. Since 

only the formative evaluation conditions that included learner data were effective, 

then learners must have been more capable of detecting problems in the 

materials. (2) Experts will frequently detect problems that do not really exist 

(Nathenson & Henderson, 1977). The present findings cannot validate the 

accuracy of this assertion. 1 t may indeed be possible that experts detect prohlems 

that do not really exist, or it may he that the problems identified by experts do 

not drastically hinder learning. In order to determine why learner data sources are 

more effective than expert data sources, an in-depth analysis of both the quantity 

and quality of data produced by these data sources is essential. 

Israeloff (1991) compared the quality and quantity of data produced hy 

experts and learners and found that experts identified more problems in the 

instructional mate rials whereas learners provided revisers with more detail on the 

problems they identified. Israelofrs (1992) findings, combined with the findings of 

the present study, indicate that the qualitative nature of data provided by learners 

is more effective in improving instructional materials than the quantitative amount 

of data provided by experts. Experts provide revisers with many problems, but 

little detail on the nature of su ch problems whereas learners provide revisers with 

more detail on identified problems. This allows revisers to more accurately 

understand the nature of the problem and therefore rectify it. These findings rnay 

provide an explanation for the effectiveness of learner conditions. 
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Among-formative-evaluation Compa risons 

The two effectiveness measures did not indicate a difference among the 

four formative evaluation conditions. This finding is consistent with previous 

among-formative-evaluation comparisons (e.g., Dupont & Stolovitch, 1983; Golas, 

1983). Dupont and Stolovitch (1983) found no significant effectiveness differences 

on a retention test between instructionalmaterials formatively evaluatcd with 

learner data and instructional materials formatively evaluated with expert data. 

Golas found no significant effectiveness differences on a retention test betwccn 

instructional materials formatively evaluated with learner data and instructional 

mate rials formatively evaluated without external data. These consistent findings 

strengthen the internaI validity of among-formative-evaluation comparisons. 

Interpretations of Cost and Efficiency Findings 

Formative evaluation is a time-consuming and therefore costly endeavour 

(e.g., Brenneman, 1989). However, formative evaluation is not equally costly 

among the four conditions. Since RLD and RBD significantly improved the 

effectiveness of the MID, and since RLD was less costly than RBD, then RLD 

was the most efficient formative evaluation condition. 

These findings suggest a positive relationship between the number of data 

sources used and the cost of formative evaluation. Previous findings (e.g., Golas, 

1983) support this notion. Although RND requîres much work on the part of the 

revisers, it does not require that any data be collected and therefore is stil1less 

• expensive th an the other conditions. Revisers Tated both RLD and RED, 
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conditions that require data collected from learners or experts, equally expensive 

and more expensive than RND. Finally, when professional revisers were asked to 

collect data from learners and experts, they rated RBD as the most expensive 

condition. 

However, collecting data from the least costly source is pointless unless the 

effectiveness of that source is considered. Previous studies that have examined the 

efficiency of formative evaluation have assumed that any type of formative 

evaluation will render materials more effective, therefore the emphasis has been 

on choosing the least costly method. However, comprehensive effectiveness studies 

had never been conducted and unless several conditions are compared in the 

same study, knowledge on the efficiency of formative evaluation is limited. 

The estimation of costs is another fundamental consideration in 

determining the efficiency of various conditions (an assumption is made that 

calculating precise costs is a complex procedure in formative evaluation, therefore 

we contend with estimates). The accuracy (as opposed to the comprehensiveness) 

of efficiency analyses should follow from two recommendations: First, costs should 

not be collected in a research setting. Instead costs should reflect the real market 

costs of formatively evaluating instructional materials. Second, costs should be 

expressed in dollars, and not time or effort. Accurate dollar cost estimates may 

illcrease the worth of formative evaluation efficiency studies. Practitioners who 

employ formative evaluation are not interested in costs accrued in a research 

• setting and administrators who budget for formative evaluation are more 
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concerned about dollar costs than time. 

Recommcndations for Practitioncrs 

The present research findings coupled with previous findings suggest 

recommendations for practitioners. These recommendatiolls are directed at 

professional revisers, editors, instructional designers, instructors, and uuthors who 

plan to use formative evaluation when developing or revising instructional 

materials. 

These efficiency recommendations are based on the findillgs of the present 

study in the context of the research programme and in the contcxt of the 

literature. Since the intent was not to deve]op an extensive description of these 

recommendations, they have been listed in point form. 

1. Collect data from learners because this condition has been found both effective 

and efficient. 

2. Use a small group to colleet test data or a dyad to colle et verbal fecdback data. 

The dyad requires that two learners work through instructional materials 

identifying problems in a synehronous and interactive manner (sec Mcdley-

Mark & Weston, 1988). The dyad has been found as effective as a small group, 

more effective than a one-to-one, and less costly than either a sm ail group or a 

one-to-one (Rahilly, 1991b). 

3. Use these data to revise. Since revising is a comprehensive and complex task, 

an inexperienced reviser is referred to sources such as Debert (1979), Dick and 

• Carey (1990), Gropper (1975) and/or Tessmer (1993) for assistance. 
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4. Periodically verify the effectiveness of the materials. 

Contributions of Study 

This stlldy has contributed research-based knowledge on the effectiveness, 

cost and efficiency of four formative evaluation conditions. With respect to 

effectiveness, findings indicate that not ail formative evaluation conditions 

significantly improve the effectiveness of materials in draft. Only those that collect 

data from learners have been found to significantly improve the effectiveness of 

instructional materials. The internai validity of the effectiveness findings was 

increased by separating the data collection and revision stages thus making it 

possible to control revision. 

This stlldy also introduced a procedure whereby test scores were weighted 

for confidence. This procedure is weil established in the testing Iiterature (see 

Anderson, 1982), but was not previously used in formative evaluation studies. As a 

result of weighing test scores for confidence, an additional measure of 

effectiveness was provided: confidence-weighted test scores. In this study, 

confidence-weighted test scores were used to increase the internaI validity of the 

formative evaluation effectiveness findings. 

With respect to cost and effectiveness, since differences were found, it \Vas 

possible ta recommend an efficient formative evaluation condition. 

Finally, this study provided effectiveness, cost and efficiency knowledgc on 

formative evaluation in a higher education setting. This is an area of education in 

• which !ittle formative evaluation research has been conducted. 
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Limitations and Recoml11endations for Future Siudics 

The limitations of this study suggest recommendatiolls for future studies. 

The fifst limitation deals with generalizability and external validity. The rcsearch 

population was restricted to undergraduates. It is Ilot knowll whether llsing a 

different population wou Id have produced similar results. Future studies should be 

conducted with different populations of learners. 

Also, it is uncertain whether resuIts can be generalized ta other types of 

instructional materials. The instructional material used in this study was devclopcd 

by professors in higher education for undergraduates. Furthermore, it was of a 

topical nature (i.e., the relationship between diet and cancer is a contemporary 

concern). Future studies should be conducted with different instructional 

materials. 

This study was only concerned with retention as a measure of effcctivcncss. 

Both test scores and confidence-weighted test scores, although providillg different 

information, tested students' ability to remember key concepts in the instructional 

materials. Future studies should measure learning in other areas (e.g., Dupont & 

Stolovitch, 1983), since learning incorporates more than just the rccollection of 

information. Future studies should therefore be conducted with different types of 

effectiveness measures. 

Finally, future formative evaluation studies can vary revision rather than 

data collection. For example, different types of revisers can be compared. Due to 

the lack of empirical revision research, such exploratory studies would provide 
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much information on revision and would add to our knowledge of formative 

evaluation. 

Concluding Rcmarks 

53 

ResuIts of this study provide both research and practical implications. With 

respect to research implications, this study presented a framework for future 

cffectiveness, cost and efficiency analyses. Although many studies have compared 

the effectiveness of formative evaluation, few have provided information on costs 

and efficiency. FlIrthermore, the efficiency framework presented in this study can 

be altered and applied to a multitude of other areas apart from formative 

evaluation. 

With respect to practical implications, knowledge on the effectiveness, cost 

and efficiency of formative evaluation was provided. Su ch knowledge can 

contribllte to the development of a set of validated effectiveness, cost and 

efficiency guidelines for professional revisers, instructional designers, and course 

instructors. This may ultimately result in the increased use of formative evaluation 

and in the improved effectiveness of instructionaI materials . 
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61 

·Sound autritioa is Dot a peacea. Good food that provides approprjate proportions of autriears 
shouJd 1l0l be relarded u a poison. a medicÎ.IJe, or a talismu It should he ealtD ud enjoyed.· This 
stalemeal by the Food ud Nutrition Board of the National Research Counci.l iD the U.S La a 1980 
pubUcatioD ca1Jed "Toward HeaJlhluJ Diets" raised more tha.a a rcw eyebrows. Rcactioa from 
consumer groups wu Curiously Degative. Thesc groups aloag wilh many individuals objected to the 
conclusioD that DO specifie dictai)' advice was appropriatc ror an citizens. The rec:ommcndation of a 
balanced diel wilh moderatioa iD consumption did aOI Sil weU with people who were coavinced thal a 
great many of the iUs of Nortb Americaa socicty are rclated to improper DutritioD. A documcnl 
dClailing lhe eviJs of food addilives, Ihe beDefils of vitam in supplemcntalioD and the virtues of ·organic" 
Coocis would uadoubtcdly bave received more favorable reaaioa. Science however cannat deal with 
emolions, beliefs or anecdotal evidencej il must he based 00 Cacts stemmiDg rrom weU controUed and 
rcproducible experiments. Uafortuaalely iD the arca of Dutrition it is very difficuJt to design and carry 
out sludies whicb lead 10 conclusive resuJts. Accordingly muy reports of rcsuJts are speckled with 
phrases likc "may cause", ois coa.sislCDI witb", ois assodated with"j aJl of wbich imply uacertai.Dty. The 
difficulty oC providing ·proor ODC way or uother iD the areas oC food science and nutrition Icaves the 
door open to a variety of opinions Dot oruy among the alarmisu and self styled aulhoritics but among 
DUllitional experts as weU. 

Indeed, just IWO years aClcr the above meDtioncd report the National Research COUDciJ issucd a DCW 

document cntitled "Diel, Nutrition and Cancer" with more specific rccommcDdatioas reflecti12g the 
slalC of kaowledge and information pertinent to the diet and the incidettce or ca.acer. The guideliDcs 
DOW recommeDded a reductioD of fat intake from about 40% 10 30% of total c:a1ories, a reduction ia 
tbe consumptioD of cured, pickled a.ad smokcd foods and an iDcrea.se iD the coasumption of wbole 
grain (creai producls as weil as (ruits and vegetables, especially those ricb in caroteDe. Vegelables 
beJonging 10 the cabbage fmUy wcrc highJy recommcadcd but vitamiu supplementalioD was Dot 
advised. The oew report wu iD turn aIso c:riticizc:d. Many scieDtÎSts believe tbat Dot enougb is Imown 
about the dict·disease coanectioD to warrant specifie guidelines for tbe popuJatioD as a wbolc and 
furlhermorc the suggestion was made that if the guidelioes were impropcrly appUed lhey could le ad to 
nutritional deficiencÎes. In light of tbe ongoiag (onrroversy il is appropriate to examine the sludies and 
the k.ind of data Ihat have le ad to the debated recommendatioDS. An examLaatioD of thls controversy 
al50 serves 10 undcrliac the Deed ror a basic scienlilic understanding of chemica1 and nutritional 
concepts. Familia.fity with terms lilce "minerais", "vitamios", "fa,", "fiber·, "carotenc" etc. is csscntial for 
an objective and critic.al discus.sioD of the relatioaship belWeeD diet and cancer. 

Thcre appcars to he Ultlc doubE thal muy anccrs arc cnvirODmenlaUy rclatcd. Epidemiological 
studics bave clearly shoWD large dilTerenccs iD cancer rates between couollics. For example, breut 
and COIOD cancer raies in many areas of the world are less than one flfth that in North America. The 
Japancse ia tura have the highest iDcidcnce of slomacb cancer iD the world. Immigrants from other 
coUDtries co the U.S. and Caaada however experieuce the local cancer rates, suggcsting an 
enwoomeDtal iDOuencc. 

Perbaps tbe best demoDStration of this enVÎronmenlal effect comes rrom a study made public in 1984 
by the NarionaJ Cancer Rcsearch IaslÎtute of Japan. An epidemiologicaJ study spanning 16 years and 
Î.lJvolviog over 100,000 men clcarly showed thal lhe incidcnce oC canccr was grcatest among tbose who 
smoked, draok alcohol. ale meal regularly and did Dot consume vegetablcs daily. Indeed the absence 
of vegecablcs from tbe diet appeared co increase the risk of a wide varicty of cancers. The rcsults of the 
survey arc summarizcd below: 

.. , 
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RELATIVE MORTALID MTES 

Smokjnl Drjnkjnl Meat VCi'tables 

No Nu No Ycs 1.0 

No Yc:s Ycs No 1.1 

Yes Yes Ves Yes 1.7 

Yes Yes No No 1.8 

Yes No Ves No 1.8 

Yes Yes Ves No 2.5 

The protective effects of vegetablc cODSumption are dramaticaUy iUustratcd by tbe above data; iD facl 
even in tbe higb risk group (smokers, drinkers and Meat caters) the ris" of cancer cao he reduced by 
one lbird ilvegelables are regularly ealea. This protective effect may he manifested througb the fiber, 
VilamÏD C or carolene componenlS of the vegetables as discussed below. 

Accordingly many cancer experts DOW eSlimate that as much as 90% of North Americao cancers arc 
envUonmentally delermined and that a large Craction of mese sbould tberefore he avoidable. 
"Environmenla!" mUSl DOl be coofuscd wilh "man made"; in the present contelll the ward is used 10 

differentiate from "geneticO Caclors. Cigarette smoking and toxie wast cs are enVÎronmentaJ and 
obviously"man made", bUl exposure to swilight and the consumplion of Daturally occurriDg carci.aogens 
can also be termed "environmenta!". In faet, Bruce Ames or the University of CaUforDia (Berkeley) has 
concluded after a survey of the scientifie lilerature that most of the carcinogeDS that non·smokers 
cncounler in their daily life come from nalural Coods and cooking melhods. For example cc:lery and 
parslcy conlain a C<lrcinogen whieh becomes aclivaled by Iighl; mushrooms, buns aad even alfaJfa 
sprouts conlain compounds which may iacrease tbe risk of cancer. Cooking, especially when food is 
browned or bumed adds carcinogens to the diet. On the other baad, suggests Ames, food aIso appears 
to coalain nalural anli· carcinogCDS like VitamÏDs C and E, selenium and carotcnc wbicb may decrease 
the risk of the dreadcd disease. The faet chat cancer raies aside from those relalcd to smoking have 
remaincd almoSI constant over the yeatS appean to imply mal the "DaturaJ- components of the 
enVÏtonmeDt may he more important thaa the -man madc- factors Ua iaducing cancer. 

ln a coalroversial article iD Scie ace, 221, 1256 (1983), Ames produced summarizcd the many natura! 
foods (abave) wbich cODtained various carci.nogens. la this same article, be also indicated thal there 
were many foods which were aJso anti·carci.nogeD!. l'be main idea here was thal a minimum oC the 
question.able foods coupled wilb a reasoDable amount of tbe "goOO" ones (vide infra) would provide as 
good a balance of riskjbenefit as could he achievcd iD lbis very comptex area. Ames was criticized by a 
group of 18 academics, UIlion officiais and enwonmenlallsts in a 1984 letter to Science Cor "trivializiDg" 
cancer risks. Ames receally published a summaty of relative ris" Cactors for cancer by a careful (bul 
cODtroversiaJ) examiDatioa of the üterature. The resuJI.i.ng index calJed HERP (Human Exposure 
dose/Rodent POlency dose). This index eonsiders two questions: How mueh of the materiaJ callSes 
considerable rates of cancer in lab animais, and how much of il might an aver:lge person be exposed to 
over a lifetime? The rankings do DOl prediet a person's actuaJ chances oC developing ca.ocer, but sbow 
comparisoD!. If the relative ranking of tap watet is 1.0, then peuut bUller (2 tablespooDs/day) is 30 
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(anatoxin risk) as is comrley tea (1 cup/day) (symphytine, a aalural peslicide is present). One pack 
Id4Y oC cigarettes is raled al 12,000 while the risk oC cat1cer (rom peBs (oace used iD clcctrieal 
tran.sCormers) is 0.2. Needless 10 say, such a delailed list bas created concern and discussion and will 
stimulalc rcsearch in the (ulure. 

Sine&: thc seconcJ WorlcJ War some SO,OOO synthetie chemicals have been inlrooucecJ into the 
cnvironment with about 500 new ones coming into use every year. Many o( thelic arc mUl:1gcnic or 
carcinogcnic in lab tests yct the cancer cpidemic (hal maay saenlÎsts (even Bruce Ames at one time) 
have predictecJ has nol materializcd. AccordingJy tbcre is widesprcad, though ccrtainly not ulÛversal, 
belief thal most cancers are caused by aatural carcinogeDS. Many of these carcinogeDS are produced by 
plants as Datural pesticides to wa:d off iDSecls. Iroa..icaUy the cunenl practice of breediag ÎDsecl 
resistanl plants in order to miaimize the use of synthe tic pesticides may actually he introducing new 
carcinogens into the diet. It is also a fact of course that not everyoae gets cancer evea tbough everyone 
consumes Dalural carcinogeDS.The explanalioa (or th.is appareat inconsisteacy may lie in the possibility 
that whereas chemicaJs isolated (rom food caa cause cancer, the whole (ood does Dot. Mutageas and 
-anti. careinogeDS- are o(len present in tbe same food. For example tbe poleatiaUy harmful effects of 
the psoralcns in parslcy and celery may he counteracted by the carotene and vilamin compoDents of 
these foods. Il appears then that aUeDtion to a scientificaUy balanced diet may be more imponant in 
warding off cancer than worrying aboullhe trace amoUDts of synthetic careinogeas in the environment. 
The (ollowing summarizcs the currenl state of knowledge ia tbis important area. 

The DicI30' Fat·Cancer Relationship 
The above metaLÎoDcd recommeadatioa to reduce the fat coateat of the diel stems mOSlly frOID 
correlalions noled by epidemiologists. A strong correlatioa emts betweeD per capita fat inlalee and 
breast cancc:r mortality in women as weU as bctweea (at intake and mortality rrom coloa ca~cer. It 
must bc poinled out however that such associalioD.S do Dot imply cause. For examplc a simil:lr 
correlation emts between gross natioaal product and breasl cancer. Allbough tbe ·pcr capita" 
correlation of dietary fats with cancer is stroag, there appears to be no coaclusive correlation of 
individual fal consumptiorJ and cancer. There May he otber variables in the relatioaship as weU. 
Hormones like estrogen bave bcea (jnlced witb cancer. Docs the fact tbat womea are baving fewer and 
later pregnancies influence tbe average estrogen levels ? CouId it be lhe added calories and Dot the fat 
per sc which Îs Înslrumenlal? The buman feeding studies wbich would be aeeded to cJari.fy the 
situacion can never be etbically done but studies in animais do sugesl that higher levels of fat inlake 
cause mammary tumors. TheoreticaUy the argument CalI be put Corward Ihal fats cause cancer by 
undergoing oxidation ia ecUs leading to the productioa of cancer causiag reactive species caUcd free 
radicals. These (ree radica!s tbea damage the DNA of the cell, leading to improper replicatioa. If tbis 
mechanism is correct, uDSaturated Cats may pose a greater ris.k since tbey arc more easily oxidized. 
Some studies have indced SbOWD an associatioD between cancer and "transe fatty acids wbich arc 
produced wheD vegetable oils are coavcrted into margarine. Adequate Vitamin E , beta carotene and 
seleaium cOn5umptioa may preveDt the oxidatioa of fats. 

Dr. Keith lagold al tbe National Research Couneil in Ottawa bas in faet shown lhat Vitamin E is the 
major "free-radical trapping" anti·oxidanl in buman blood. Beta caroteae can a/50 act as an anti· 
oxidant, especially al low oxygea coacentrations such as arc round in ecUs. Il is aoteworthy that this 
important researcb slarted out as an investigation into why eDgine oils break down upon exposurc 10 
oxygea in the car's engine; a nice demonstration of bow imponant results can come (rom seemingly 
-unimportaal" research. Similarly tbe anlioxidants BHT and BHA whicb had originaUy been developeù 
10 preveal fats in cereals Crom going rancid (and incidentaUy bave bcen mucb maligned) may lum out 
to bave an important role in DOt oaly the preveDtion of cancer but in actually slowing down the agiag 
process . 

Coloa cancer has also been associaled with high fat, high cholesterol diets. Oace again though, 
epidemiological studies ÎJl individuals bave yielded incoDSisteal results. Animal (eeding Sil. dies in tUl'll 
bave shown tbat dietary fat promotes coloa cancer. Furtbermore, populations with higb rates of COIOD 
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eaDcer bave iDcreased levels of bile aods iD the fcces; tbese bave bcea associatcd with c.aaccr ad arc 
UOWll ta be formed iD larger amounts iD higb fat, JUsh cbolescerol dieu. la summary, the evidencc 
May appear ta bc 50mewhat circumstantial, but tbe recommcadatioa ta reduce fal coateat by 25% does 
Dot represeal a risk as loDS as a balaaced diel is maiata.i.aed. 

The Cured Fogds·Piel A"SOciatioD 
Ouce agaia populatioD studies bave shoW'D that caacers of the stomach and e$ophagus arc more 
commOD in countries sucb as China. lapaa aad lcelaDd wberc the diel is bigb in Coods thal are salt 
cured and smokcd. There is no doubl thal smoke coataias caDccr causiDS compounds and salt bas 
been reported to promote gastric c.aaccr iD rats. Sodium mtrite, a pic:k.liDg ageDt and preservative used 
in cold cuts, bot do~ bam. etc. bas beea linked with the poleDtiaJ CormatioD oC Ditrosamiaes. kDowa 
carciDogens, in the body. Based upoa these observatioas, limitiag the intake oC such cured or smoked 
Coods would appear ta be wise. Vet, evea tbis rC(:OmmeDdatioD bas beea challeaged. Il bas beea 
poiated out that the death rate Crom stomach caDcer has been decliniag in North America whiJe the 
COnsumptiOD oC proccssed meaU bas been rising. Furthermore, mtrite addition is 50 strictly reguJaled 
now thal oaly d1inimal amounts are used; iD faet the amoUDt of nitrite now added c.aa oaly prevent 
growth of the clostridium Botullaum orgaaism il it is used ia coajunctioD with salt. Il is a1so truc that 
most of the "smoked- foods presently marketed are smoked v.ith Iiquid smoke. This is made by passing 
smoke througb water; since the carànogemc compounds do Dot dissolve iD water foods "smoked" by 
this process are saler than "naturally" smoked foods. Althougb credence cao be given ta tbese 
critic:isms. il must also be poiDted out that foods rugb in smoke Davor and nitriles are generally rugh in 
rat aad thus in ca1ories-perhaps eDougb of a reason to miaimize consumptiOD. 

The SeleDium·Cancer AssocialioQ 
Selenium is a mineraI requircd by the body iD "tracc- amoUDts. It plays 1 role in tbe aetiv;ty of tbe 
enzyme glutathiolle peroxidase. an enzyme wrucb protects ccUs from damage by oxidatioD. COll5islenl 
with this activity is the observatioD that mammary caaccr iD rats Ced a bigh polyuasarurated Cat diet CIn 
be iDhibiled by seleDium. Seleaium is Cound in the soil aad is absorbed by crops. Higb soil selenium 
areas correlale iDversely with canccr but these areas are a1so less popuJaled and differ Crom low sail 
selenium areas in severa! respects. Indeed lung caaccr ratcs are lower in couatrics wbere tobacco 
contIÎDS more seleaium. Mexicaa and ColombiaD lobaccos have thrce limes as much sclcnium as 
Americaa and British tobaccos. Some correlations betweeD blood selenium levels and cancer bave abo 
beeD noted and preliminary research bas shown that the seleaium coDtcat oC hait aad aails may rened 
blood levels. High intake oC ~.elenium cao be toxie and the presently available information does not 
warraal the recommeDdatioD of supplcmcats. 

The Cancer· Vit am in C and E ConpectioQ 
The cvidcnce for this association is csscntia1ly anecdotal a1thougb balh of these vitamins are anti· 
oxidaats and thereCore could behave as anti· carciaogens. VitamÏD E has beea reported 10 reduce 
mutations iD some baderia! systems and VitamÏD C does black the conversion of nilrites ta 
nitrosamiaes. For the latter reasoD Vitamia C is added to bOl dogs. Similarly since both tomatoes and 
lettuce contaÏD Vilamia C they cau conccivably do more than just drcS$ up the appcarance and Davor of 
a bacoD saadwicb. ladeed a BLT may he the best way ta coll5ume bacoD. There is bowever ao 
evidence that either Vitamia Eor C can preveDt cancer. 

The Cancer· VitamiD A ConnectioQ 
Remember the storiC$ about eatmg canots to sce better? Tlûs mly he strctch.iag thc point, but the 
v;lamin A in canots does play aa essential role in the cbemistry oC vision. Furthennore, the vitamin 
and ilS precursor compound (beta· carotcDe) may also proteet the body against caaccr. The rltionale 
Cor lhis belief lies in the Cacl tbat vitamm A plays an importlDl role in lhe coDtrol of cell dirrerentiation 
and in thal balh vitamia A and espcciaUy bela·carotene arc efficienl scaveagers oC chemical speaca 
c:.1l1ed Cree radica1s. Sincc loss of ccII dill'erealiation is • basic Celture oC canccrous cells and siIlce rrcc 
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radicals are u.a.stable, bigbly reactive chemiea.ls which Wl damage our geDetic materials (DNA and 
RNA) there is Sood reason to suspect that these two DutrieDlS may bave a protective effect against 
caacer. 

VitamiD A itself c:aD be obtained trom animal products such as liver, eggs and meat or it can by 
syatbesized by the body from. beta c.aroteDe. Many greeD vegetables produce this bright orange 
compound but the richest SOUtces are pumpkias, spinach and of course canots. 

ln 1975 a major epidemiologicaJ study showed that Norwegian meD coasuming more than the average 
amount of vitamin A bad less the hall the raIe of lung cancer as compared with men baving below 
average CODSumptiOD of the vitamia. Similar fandings were also reported in the foUoWÏDg 5 years from 
scientists in Japan, SiDgapore and the UDÎted States. 

A rurtber study (Nov. 1981) publisbed in the British medical jouruaJ Laucet supported the hypothesis 
that the pro-vitam in A (beta carotene) and not the vitamin itself wu the heneficial ractor. The study 
showed lbat there was an inverse relatioasbip between intake of dietary beta-carotene and Jung cancer 
in 1,954 middJe aged male smokers over a pcriod of 19 years. IntaJce of preformed vitamin A did DOt 
show a significant effed. 

UnfortuDately, studies OD vitamiD A are often limited due to its toxicity. High levels of vitamin A Jead 
10 liver damage, headaches, lack of appetite, haïr Joss, meastrual problems and retarded growth in 
children -. probJems sometimes secn amoag vitamin and health food faddists. On the other band, 
optimal investigative approaches arc possible with beta caroteDe since there are no mown serious side 
effects, evea with doses so higb as to cause and obvious orange skia coloration. la recent yeatS 

syntbetic analogs of vitamia A bave been prepared in an effort to reduce its toxicity. These saler 
compounds are DOW being tested with higb risk groups to determÙle if other forms of cancer caa he 
preveDted. Qne such group consists of aJbino childten in Africa who have a 100% risk of developing 
skiD cancer. ID addition. at lbe present time the U.S. NatioDal Institute or Healtb bas invited all male 
pbysicians betweea the ages of 40 and 85 to participate as subjects Ùl a placebcxoatroUed geaeral 
study of beta- caroteae and ca.acer. 

A major report oa this issue published in the New England Journal of Medicine, March 1984 (br the 
Harvard School oC Public Health) explaiaed that althougb the protective effect agajDSt Jung cancer or 
beta·c.arOteDc is strongly supported by many studies, there are indications lbat these errects may Dot 
apply to other types of cancer. 

la conclusion, it should be Doted that the main cause of Jung cancer, smoking. also increases oDe's risk 
of several other serious diseases, includiag atherosclerosis .- a primary cause of death in North 
America. However, there is DO evideDcc that either vitamia A or beta carotene affects this coDdition iD 
anyway. 

The Caoccr-Fiber CoMectioA 
Rougbage? Uaappetmag, tasteJess, compJetely indigestibJe but ... it fights ca.acer! 

ft all started with Dr. Dennis Burkitt's 2O-year observatioa of dielS and incidence of coJorectal cancer 
in -rural Atrica. The British surgeoD Doled that althougb cancer of the lowesl five to six feet of the 
intestine is very prevale Dt in the westera world it is aImost DODexisteDt amoDg people in AIrica 
coasuming a bigh liber diet. ID Canada, about 100,000 people get colon cancer every year, half or 
whom die withia the same year. The same bigh frequency of tbis malignancy bas beCD found in the 
U.S., Scotland, Oeamark and especially New Zealand, couatrics which consume the highest amounts or 
Meat and animal fat around the world. 

The incidence of this type of cancer appears to he 100 limes more prevalent in the lowcst t % of the 
~mllll intc~liDe. Thi., lcads ~cienlt'it lu bclievc lhllt ~rcinoseDS arc not 5wallowcd with nur food but arc 
J'lcuduccd in the cnlon from mut criai in the fcccs. n has heca suggcstcd that bile .cids (biomoleculc., 
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aaturally releued mto the gut Ua respoase to the preseace of Cac ia the dice) arc cbemica1.ly aJtered by 
bac:teria to produce W'CÎDogeas. Higb ooloa c:aDœr areas baYe been fouad to bc much more abundaDt 
ia colorec:taJ cucu patients tba.a iD coatrol poups. la. reœat study ooaduded by Or. Tracy W&lkins, 
a miaobiologist at the Varginia Polytecb.D.ic IDStitute ia Blacbburg. a chemica1 mutagea., aamed 
CaecapeDtaeae, wu isolated from the feœs of about 20 pcr cent of the white resideats of Johannesburg. 
The same compound was deteàed ia less thaa 2 pcr ceat of the rural population. The diet of the urbu 
community is very similar to ours (high ia refined carbohydrates and Cat), whereas that of the rural 
populatioa is low m meat and Cat and b.igb ia fruits aad vegetables. Althougb most carcinogeas are~ 
mutageas Dot an mutageas are carcinogeas, ud thereCore the presence of faeapentacac does aot 
aecessarily meaa thal it is the cause of caacer. Dr. David KiDgslOa., a chemist al the VlIginia 
Polytechnic Institute, bas syathesized this compouad and iU c:aDcer-causÎIIg poteatial will DOW bc 
investigated Ua laboralory animais. 

Thcsc fiDdings cenaialy sUpp.lrt the theory that fiber, wbich iDcreasea the rate of fcces climinatiOD, 
should lower oae's chances of de'iclopiDg ea.acer of the coloD. • Howm=r, there are some 
incoDSisteades iD the rlDdings r~lated to the eft'cc:ts of 6ber. For ÎDstaDce, ia • Canadiaa sNdy 
published ia 1980 higher coasumptioa of dietary 6ber WU showu aot 10 bave uy sigaific:.ant effCd OD 

caacer whercas in Pueno Rico high COasumptiOIl was assoc:iated \Vith b.igber incideace of coloa canccr. 
Suc.h.discrcpaacies may be rclated to the cxuemely heterogellcous nature of dietary fibcr. Dietary fibcr 
is a m..i.xlure of indigestible chemicah: ceUulose, hemiceUulose, ligaia and pecti.a.. Prelimiaary studies 
have shown that wheat bran and fiber !rom citrus fruits proted laboratory animais against cbemic.a.l1y. 
induccd coloa c.aacer. Sincc citrus fruits are also aa exccUeat source of Yitamia C (a scavcDger of 
carcinogenic free radica1s) an orange a day, or cvea the traditioaal apple a day, mayaot be such a bad 
idea. 

GUID'ELlNES FOR AN ANTlÇANCER MENU 
-deaease coasumptioa of fats, âÛtrÎte-cured meats, smoked or ch.arcoal-broUed Meats and large 
amounts of alcohoL 

·inaease COnsumptiOD of foods rich iD dietary liber,. bcu carotcnc, YitamÏDs ~ E and C and the 
mineral selenium (megadoscs of dietary supplemeats are preseatJy aot recommcnded). 

-consume oltea., auciterous vcgetables such as cabbage, broccoli, Brussels sprouts and caulillower. 

RECENT REYTEW 
A reccnt summary which gives a balanc:ed report is !rom SciCIlti1ÏC Amcrican, November, 1987, p. 42. 

, -
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THE DIET CANCER RELATIONSHIP 

Introduction 

Do you ever dream that eating pizza, potato chips, and drioking beer does oot pose a cancer 
risk1 Weil, accordiog to numerous studies, it is not what you eat, but the combinations of 
foods eaten whieh May increase or decrease the chances of getting cancer. 

The objective of this article is to make people better consumers of food with respect ta 
nutrition and cancer. Sorne more specifie objectives include: Vou will be able to interpret 
researeh findings about the relationship between diet and cancer and ta evaluate the 
conclusions of these research findings. This will allow you to decide for yourself which 
cancer risks you are willing to live with, and which you are not. Also, you will be able to 
look at what ever cornes up in research studies and be able ta link this information to other 
issues of interest or concem. 

In order ta aehieve these objectives, we will explain what cancer is, what causes cancer, and 
how a nutritious diet can help prevent cancer. Then, we will differentiate what is meant by 
"environmental cancers" and "man made" cancers. A brief review of recent cancer research 
will be discussed and then the relationship between various ingredients in our diet and cancer 
will be discussed. But first, we will start with a small exercise to quiz knowledge in this 

complex area . 
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Exercise 1; "Hit" or "Miss" 

Below is an exercise that examines how much you know about the relationship between diet 
and cancer. Next to each statement, indicate whether the information is a "hit" (i.e., true) or 
a "miss" (i.e., faIse). The answers are on the last page. 

1. 

2. 
3. 

4. 

5. 

(hit or miss) 

Alcohol consumption increases the risk of cancer. 
_____ Vitamin A does Dot proteet the body against cancer. 
_____ A reduction in the consumption of cured, pickled and smoked foods 

is Dot reeommended to reduce the risks of cancer. 
_____ Most cancer-causing carcinogens that non-smokers encounter in 

their daily life come from natural foods. 
_____ Fiber in your diet accelerates the formation of certain cancers. 

What is Cancer 

Cancer is a malignant mass of tissue that spreads in the body. Cancer is caused by loss of 
cell differentiation and chemical species caIled free radicals. Loss of ceU differentiation is a 

. basic feature of cancerous ceUs and reactive species called free radicaIs are unstable, highly 
reactive chemicaIs which can damage genetic materiaIs and can cause cancer. Theoretica11y 
the argument can be put that cancer is caused when substances undergo oxidation in cells 
leading to the production .of cancer causing reactive species called free radicals. 

Sorne food substances, like fat, cured foods, smoked foods, are carcinogenic; that is, they 
can cause cancer. Sorne other food substances, like selenium, vitamins, fiber, are helpful in 
the prevention of cancer. It appears that attention to a scientifica11y balanced diet may be 
more important in warding off cancer than worrying about the trace amounts of cancerous 
synthetic carcinogens in one's diet and in the environ ment. A good place to start is 
understanding the difference between "environmental" factors and "man made" factors . 
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The "Eoviroomental" and "Mao Made" Cancer Debate 

There appears to be Bule doubt that many cancers are environmentally related. 
Epidemiological studies have clearly shown large differences in cancer rates between 
countries. For ex ample, breast and colon cancer rates in many areas of the world are less 
than one fifth that in North America. The Japanese in tum have the highest incidence of 
stomach cancer in the world. Immigrants from other countries to the U. S. and Canada 
however experience the local cancer rates, suggesting an environ mental influence. 

Accordingly many cancer experts now estimate that as much as 90% of North American 
cancers are environmentally determined and that a large fraction of these should thcrefore be 
avoidable. "Environmental" must not be confused with "man made". For example, cigarette 
smokeing and toxic wastes are "man made", but exposure to sunlight and the consumption of 
naturally occurring carcinogens can be termed "environ mental " . 

Sinee the second World War 

sorne 50, 000 synthetic chemicals 
have been introduced into the 
environ ment with about 500 new 
ones coming into use every year. 
Many of these are mutagenic or 
carcinogenic in lab tests yet the 
cancer epidemic that many 
scientists (even Bruce Ames at 

Did you know that ... 

Ironically the current practice of breeding insect 
resistant plants in order to mini mile the use of 
synthetic pesticides may actually be introducing new 
carcinogens into the diet. It is also a fact of course 
that not everyone gets cancer even though evcryone 
consumes natural carcinogens. 

one time) have predicted has not materialized. Accordingly there is widespread, though 
certainly not universal, beHef that most cancers are caused by natural carcinogens. Many of 
these carcinogens are produeed by plants as natural pesticides to ward off insects. The 
explanation for this apparent inconsistency may lie in the possibility that whereas chemicals 
isolated from food can cause cancer, the whole food does not. Mutagens and 
"anti-carcinogens" are often present in the same food. For example the potentially harmful 
effects of the psoralens in parsley and celery may be counteracted by the carotenc and 
vitamin components of these foods. Tt appears then that attention to a scientiflcally balance<! 
diet may be more important in warding off cancer than worrying about the trace amounts of 
synthetic carcinogens in the environment. The following summarizes the current sta,te of 

knowledge in this important area. 
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Research on the Diet Cancer Relationship 

Unfortunately in the area of nutrition it is very difficult to design and carry out studies which 
lead to conclusive results. Accordingly many reports of results are speckled with phrases like 
"rnay cause", lOis consistent with" , "is associated with"; all ofwhich imply uncertainty. The 
difficulty of providing "proof' one way or another in the areas of food science and nutrition 
leaves the door open to a variety of opinions not only among the alarmists and self styled 
authorities but among nutritional experts as weil. 

In 1982, National Resear<..h Council issued a document entitled "Diet, Nutrition and Cancer" 
with specific recommendations reflecting the sUlte of knowledge and information pertinent to 
the diet and the incidence of cancer. The guidelines now recommended a reduction of fat 
intake from about 40% to 30% of total calories, a reduction in the consumption of cured, 
pickled and smoked foods and an increase in the consumption of whole grain cereal products 
as weil as fruits and vegetables, especially those rich in carotene. Vegetables belonging to the 
cabbage family were highly recommended but vitamin supplementation was not advised. The 
new report was in tum aIso criticized. Many scientists believe that not enough is known 
about the diet-disease connection to warrant specifie guidelines for the population as a whole 
and furthermore the suggestion was made that if the guidelines were improperly applied they 
could lead to nutritional deficiencies. In light of the ongoing controversy it is appropriate to 
examine the studies and the Idnd of data that have lead to the debated recommendations. 

Perhaps a good demonstration of the relationship between cancer and consumed goods 
cornes from a study made public in 1984 by the National Cancer Research Institute of Japan. 
An epidemiological study spanning 16 years and involving over 100, 000 men clearly showed 
that the incidence of cancer was greatest among those who smoked. drank alcohol, ate meat 
regularly and did not consume vegetables daily. Indeed the absence of vegetables from the 
diet appeared to ir1crease the risk of a wide variety of cancers. The results of the survey are 
summarized on the next page: 
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Relative Mortality Rates 

Srnokine Drinkini Meat Veeetables 

No No No Yes 1.0 

No Yes Yes No 1. 1 

Yes Yes Yes Yes 1.7 

Yes Yes No No 1. 8 

Yes No Yes No 1. 8 

Yes Yes Yes No 2.5 

Note: 
1. Your relative mortality rate increases if you smoke, drink, and eat meat. 
2. Not all combinations of smoking, drinking, eating meat, and eating vegetables are present. 
What are sorne other combinations that may exist? Where would the relative mortality rate of 

these other combinations fall? 

The protective effects of vegetable consumption are dramatically illustrated by the above 
data; in fact even in the high risk group (smokers, drinkers and meat eaters) the risk of 
cancer can be reduced by one third if vegetables are regularly eaten. This protective effect 
may be manifested through the fiber, Vitarnin C, or carotene components of the vegctables. 
Each of these items will be looked at in more detail later on; however, this picce of rcsearch 
demonstrates how eating vegetables can counteract the risks of cancer. 

In faet, Bruce Ames of the University of California (Berkeley) has concluded after a survey 
of the scientific literature that most of the carcinogens that non-smokcrs encounter in their 
daily life come from natural foods and cooking methods. For example, celery and parslcy 
con tain a carcinogen which becomes activated by Iight; mushrooms, beans and even alfaJfa 
sprouts con tain compounds which may increase the risk of cancer. Cooldng, especialIy when 
food is browned or bumed adds carcinogens to the diet. On the other hand, suggests Ames, 
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food also appears to contain natural anti-carcinogens Iike Vitamins C and E, selenium and 
carotene which may decrease the risk of the dreaded disease. The fact that cancer rates as ide 
from those related to smoking have remained aJmost constant over the years appears to imply 
that the "natural" components of the environment may be more important than the "man 
made" factors in inducing cancer. 

ln a controversial article in Science, 221, 1256 (1983), Ames summarized the many naturaJ 
foods (above) which contained various carcinogens. In this same article, he also indicated 
that there were many foods -.vhich were also anti-carcinogens. The main idea here was that a 
minimum of the questionable foods cou pIed with a reasonable amount of the "good" ones 
(vide infra) would provide as good a balance of risk/benefit as could be achieved in this very 
complex area. Ames was criticized by a group of 18 academics, union officials and 
environmentalists in a 1984 letter to Science for "trivializing" cancer risks. Ames recently 
published a summary of relative risk factors for cancer by a careful (but controversial) 
examination of the literature. The resulting index was called HERP (Human Exposure 
dose/Rodent Potency dose). This index considers two questions: How much of the material 
causes considerable rates of cancer in lab animaJs, and how much of it might an average 
person be exposed to over a lifetime? ln other words, the index is calculated in two steps. 
First, the quantity of cancerous materiaJ required to cause cancer in lab animals is estimated. 
Then, the arnount of human lifetime exposure to this material is estimated. Therefore, the 
rankings do not predict a person's actual chances of developing cancer. but show 
comparisons. If the relative ranking of tap water is 1. 0, then peanut butter (2 
tablespoons/day) is 30 (aflatoxin risk) as is comfrey tea (1 cup/day) (symphytine, a natural 
pesticide is present). One pack /day of cigarettes is raled at 12, 000 while the risk of cancer 
from PCBs (ones used in electrical transformers) is O. 2. Needless to say, such a detailed list 
has created concem and discussion and will stimulate research in the future . 
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Table 1; Relative Rankin& of Cancerous Materials 

tap water 1 

peanut butter (2 tablespoons/day) 30 

comfrey tea (1 cup/day) 30 

One packlday of cigarettes 12,000 

peBs (ones used in electrical transformers) O. 2 

Exercise 2: Carcinof:enic and Non-Carinof:enic Foods 

Which of these foods may be carcinogenic? Which are likely non-carcinogenic? The answers 
are on the last page. 

EQQQ 

1. smoked meat 
2. carrots 
3. barbecued spare ribs 
4. cabbage 
S. parsley 

CarcinOienic Non-carcino2enic 
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Familiarity with lerms liIce "minerals", "vitamins", "fat, " tiber" , "carotene" etc. is essential 
for an objective and critical discussion of the relationship between diet and cancer. 

Table 2 

Tenn Description Found in ••• 

minerais inorganic substances round in nature mainly vegetables 

vitamins .. a group of organic substances occur naturally in minute 
necessary for growth and regulation quantities in a variety of plants 
of the body and meats 

fat organic compounds composed of meat tissues, dairy products, 
carbon, hydrogen, and oxygen nuts 

fiber a complex of substances of plant roughage, broccoli, beets, bran, 
origin that are not absorbed nor apples 
digested by humans 

carotene a red or yellow pigment converted pumpkin, spinach, carrots 
by the body into vitam;n A 

These five important ingr~ients in our diet have been shown to have links with cancer. The 
next sections look at these ingredients. The ingredients have been grouped into two 
categories: those that increase the risk of cancer, and those that reduce the risk of cancer. 

Evidence of Increasing Diet Cancer Relationship 

Diets high in faUy, cured, or smoked foods can increase yOUf chances of developing cancer. 
The relationship between foods in each of these categories and cancer will be dealt with in 
more detail below. 
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The Dietar,y Fat-Cancer Relationship 

A couple of hamburgers and a fry? Delicious, mouth watering, and fatty! The above 
mentioned recommendation to reduce the fat content of the diet stems mostly from 
correlations noted by epidemiologists. A strong correlation exists between per capita fat 
intake and breast cancer mortality in women as weil as between fat intake and mortality from 
colon cancer. It must be pointed out however that such associations do not imply cause. For 
example, a similar correlation exists between gross national product and breast cancer. 
Although the "per capita" correlation of dietary fats with cancer is strong, there appears to 
be no conclusive correlation of individual fat consumption and cancer. There may be other 
variables in the relationship as weil. In other words, there is no c1ear connection between 
diets and cancer. This is because other factors may be involved. 

Hormones like estrogen have 
been linked with cancer. Does 
the fact that women are having 
fewer and later pregnancies 
influence the average estrogen 
levels1 Cou Id it be the added 
calories and not the fat per se 

Did you know that ... 

Sorne studies have shown an association between 
cancer and "trans" fatty acids. These acids, which 
are easily oxidized, are produced when vegetable 
oils are converted into margarine. 

which is instrumental? The human feeding studies which would be needed to dari fy the 
situation can never be ethically done but studies in animais do suggest that higher levels of 
fat intake cause mammary tumors. Theoretically the argument can be put forward that fats 
cause cancer by undergoing oxidation in cells leading to the production of cancer causing 
reactive species called free radicals. As you read earlier, these free radicals th en damage the 
DNA of the cell, leading to improper replication. Adequate Vitamin E (found in vegetable 
ails), beta carotene (foune! in spinach and canots) and selenium (found in seafood, milk, 
grains) consumption may prevent the oxidation of fats. 

Colon cancer has also been associated with high fat, high cholesterol diets. Once again 
though, epidemiological studies in individuals have yielded inconsistent results. Animal 
feeding studies in tum have shown that dietary fat promotes colon cancer. Furthermore, 
populations with high rates of colon cancer have increa~.d levels of bile acids in the feces; 
these have been associated with cancer and are known to be formed in larger amounts in high 
fat, high cholesterol diets. Therefore, the evidence may appear to be somewhat 
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circumstantial, but the recommendation to reduce fat content by 25% does not represent a 
risk as long as a balance<! diet is maintained. 

The Cured Foods-Diet Association 

Pickled vegetabJes and Jean, aImost fat-free smoked meat is not unhealthy, right? No, wrong! 
Once again, population studies have shown that cancers of the stomach and esophagus are 
more common in countries such as China, Japan and Iceland where the diet is high in foods 
that are salt cured and smoked. There is no doubt that smoke contains cancer causing 
compounds and salt has been reported to promote gastric cancer in rats. Sodium nitrite, a 
pickling agent and preservative used in cold cuts, hot dogs, ham, etc. has been linked with 
the potential formation of nitrosamines, known carcinogens, in the body. 

Yet, even this recommendation 
has been challenged. It has been 
pointed out that the death rate 
from stomach cancer has been 
declining in North America white 
the consumption of processed 
meats has been rising. 
Furthermore, nitrite addition in 
foods is 50 strictly regulated now 
that onJy minimal amounts are used. 

Did you know that ... 

Most of the "smoked" foods presently marketed are 
smoked with liquid smoke. This is made by passing 
smoke through water; since the carcinogenic 
compounds do not dissolve in water, foods 
"smoked" by tbis process are safer than 
"naturally"smoked foods. 

Evidence of Decreasing Diet Cancer Relationship 

Diets high in selenium, vitamins, and fiber can decrease your chances of developing cancer. 
The reJationship between foods in each of these categories and cancer will be dealt with in 
more detail below. 

The Selenium-Cancer Association 

Selenium is a minerai required by the body in "trace" amounts. It plays a raie in the activity 
of the enzyme glutathione peroxidase, an enzyme which protects cells from damage by 
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oxidation. Consistent with this activity is the observation that mammary cancer in rats fed a 
high polyunsaturated fat diet can be inhibited by selenium. Selenium is found in the soil and 
is absorbed by crops. Indeed lung cancer rates are lower in countries where tobacco con tains 
more selenium. High soil selenium areas correlate inversely with cancer but these areas are 
also less populated and differ from low soil selenium areas in several respects. Mexican and 
Colombian tobaccos have three times as much selenium as American and British tobaccos. 
Some correlations between blood selenium levels and cancer have also been noted and 
preliminary research has shown that the selenium content of hair and nails may reflect blood 

levels. High intake of selenium can be toxic and the presently available information does not 
warrant the recomrnendation of supplements. 

The Cancer- Vitamin C and E Connection 

There is no evidence that either Vitam in E or C can prevent cancer. The evidence for this is 
essentially anecdotal although both of these vitamins are antioxidants and therefore could 
behave as anti-carcinogens. Vitamin E has been reported to reduce mutations in sorne 
bacterial systems and Vitam in C does block the conversion of nitrites to nitrosarnines. For 
the latter reason Vitamin C is added to hot dogs. Similarly since both tomatoes and lettuce 
contain Vitamin C they can conceivably do more than just dress up the appearance and flavor 
of a bacon sandwich. Indeed a BLT may be the best way to consume bacon. Since citrus 
fruits are also an excellent source of vitamin C (a scavenger of carcinogenic free radicals) an 
orange a day, or even the traditional apple a day, may not be such a bad idea. 

Dr. Keith Ingold at the National 
Research Council in Ottawa has 

in fact shown that Vitamin E is 
the major "ffee-radical trapping" 
anti-oxidant in human blood. 
Beta carotene can also act as an 
antioxidant, especially at low 
oxygen concentrations such as 

Did you know that ... 

The antioxidants BHT and BHA were originally 
developed to prevent fats in cereals from 
going rancid. This may turn out to have an 
important role in not only the prevention of 
cancer but in actually slowing down the aging 

are found in eeUs. It is noteworthy that this important research started out as an investigation 
into why engine oils break down upon exposure to oxygen in the car' s engine: a nice 

• demonstration of how important results can come from seerningly "unimportant" research. 
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The Cancer-Vitam;n A Connection 

Remember the stories about eating carrots to see better? This may be stretching the point, but 
the vitam in A in carrots does play an essential role in the chemistry of vision. Furthermore, 
the vitamin and its precursor compound (beta-carotene) may a1so protect the body against 
cancer. The rationale for this belief lies in the fact that vitamin A plays an important role in 
the control of cell differentiation and in that both vitamin A and especially beta-carotene are 
efficient scavengers of chemical species called free radicals. Since loss of cell differentiation 
is a basic feature of cancerous cells and since free radicals are unstable highly reactive 
chemicals which can damage our genetic materials (DNA and RNA), there is good reason to 
suspect that the se two nutrients may have a protective effect against cancer. Vitamin A itself 
can be obtained from animal products such as liver, eggs and meat or it cao by synthesized 
(that is, manufactured) by the body from beta carotene. Many green vegetables produce this 
bright orange compound but the richest sources are pumpkins, spinach and, of course, 

carrots. 

In 1975 a major epidemiological study showed that Norwegian men consuming more than the 
average amount of vitamin A had less than half the rate of lung cancer as compared with 
men having below average consumption of the vitamin. Similar findings were also reported 
in the following 5 years from scientists in Japan, Singapore and the United States. 

A further study (Nov. 1981) published in the British medical journal Lancet supported the 
hypothesis that beta carotene, and oot vitamin A itself, was the beneficial factor in tightiog 
cancer. Howevcr, a major report on this issue published in the New Eogland Journal of 
Medicine, March 1984 (by the Harvard School of Public Health) explained that a1though the 
protective effect against lung cancer of beta-carotene is strongly supported by many studies, 
there are indications that these effects may not apply to other types of cancer. In other 
words, heta carotene may protect the body against lung cancer, but it does not protect the 
body against other types of cancers. 

Unfortunately, studies on vitamin A are often limited due to its toxicity. High levels of 

vitamin A lead to liver damage, headaches, lack of appetite, hair 10ss, menstrual problems 
and retarded growth in children -- problems sometimes seen among vitamin and health food 
faddists. On the other hand, optimal investigative approaches are possible with beta carotene 
since there are no known serious side effects, even with doses so high as to cause an obvious 
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orange skin coloration. In recent years synthetic analogs of vitamin A have been prepared in 
an effort to reduce its toxicity. These safer compounds are now being testcd with high risk 
groups to determine if other forms of cancer cao be prevented. One such group consists of 
albino children in Africa who have a 100% risk of developing skin cancer. In addition, at the 
present time the U. S. National Institute of Health has invited all male physicians between 
the ages of 40 and 85 to participate as subjects in a placebo-controlled general study of beta
carotene and cancer. 

The Cancer-Fiber Connection 

Roughage? Unappetizing, tasteless, completely indigestible but. .. il fights cancer! Dietary 
fiber is a mixture of indigestible chemica1s:cellulose, hemicellulose, lignin and pectin. 

It all started with Dr. Dennis Burkitt's 20 year observation of diets and incidence of 
colorectal cancer in rural Africa. The British surgeon noted that although cancer of the 
lowest five to six feet of the intestine is very prevalent in the western world it is almost 
nonexistent among people in Africa consuming a high fiber diet. In Canada, about 100, 000 
people get colon cancer every year, half of whom die within the same year. The same high 
frequency of this malignancy has been found in the U.S., Scotland, Denmark and especially 
New Zealand, countries which consume the highest amounts of meat and animal fat around 
the world. 

The incidence of this type of cancer appears to be 100 times more prevalent in the lowest 1 % 

of the small intestine. This leads scientists to believe that carcinogens are not swallowed with 
our food but are produced in the colon from material in the feces. It has been suggested that 
bile acids (biomolecules naturally released into the gut in response to the presence of fat in 
the diet) are chemically altered by bacteria to produce carcinogens. In a recent study 
conducted by Dr. Tracy Wilkins, a microbiologist at the Virginia Polytechnic Institute in 
Blacksburg, looked at to what extent intestinal cancer is caused by things we eat or by sorne 
kind of process. Dr. David Kingston, a chemist at the Virginia Polytechnic Institute, has 
synthesized this compound and its cancer-causing potential will now be investigated in 
laboratory animals. 

These findings certainly support the theory that fiber, which increases the rate of feces 
elimination, should lower one's chances of developing cancer of the colon. However, there 
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are some inconsistencies in the findil'3s related to the effects of fiber. For instance, in a 
Canadian study published in 1980 hig,',\~ consumption of dietary fiber was shown not to have 
any significant effeet on cancer whereas in Puerto Rico high consumption was associated 
with higher irlcidence of colon cancer. Such discrepancies may be related to the extremely 
helerogeneous nature of dietary fiber. Preliminary studies have shown that wheat bran and 
fiber from citrus fruits proteet laboratory animais against chemically-induced colon cancer. 

GUIDELINES FOR AN ANTICANCER MENU 

-decrease consumption of fats, nitrite-cured meats, smoked or charcoal-broiled meats and 
large amounts of alcohol 

-increase consumption of foods rich in dietary fiber, beta carotene, vitamins A, E and C and 
the mineraI selenium (megadoses of dietary supplements are presently not recommended). 

-consume often vegetables such as cabbage, broccoli, brussel sprouts and cauliflower. 

Exercise 3: An Anticancer Meal 

Develop an anticancer meal: breakfast, lunch or dinner. Give a rationale why you chose each 
food item on your mea1. Remember, a minimum of the questionable foods coupled with a 
reasonable amount of the tlgood" ones provides as good a balance of risk/benefit as can be 

achieved . 
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FURTHER READING 

A recent summary which gives a balanced report is From Scientific 
American, November, 1987, p. 42. 

ANSWERS TO THE EXERCISES 

Exercise 1 

(hit or miss) 

1. _hit_ 

2. miss __ 

3. miss -
4. hit - --

5. miss 

Exercise 2 

Food 
1. smoked meat 
2. carrots 

Alcohol consumption increases the risk of cancer. 
Vitam in A does not protect the body against cancer. 
A reduction in the consumption of cured, pickled and smoked foods 
is not recommended to reduce the risks of cancer. 
Most cancer-causing carcinogens that non-smokers encounter in 
their daily life come From natura! foods. 
Fiber in your diet accelerates the formation of certain cancers. 

Carcino~enic Non-carcinogenic 
x 

x 

3. barbecued spare ribs x 

4. cabbage 
5. parsley x 

x 
x 
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The Diet Cancer Relationship 

"Sound nutrition is not a panacea. Good food that provides 
appmpriate proportions of nutrients should not be regarded as a 
poison, a medicine, or a talisman. It should be eaten and 
enjoyed. "This statement by the Food and Nutrition Board of the 
National Research Council in the U. S. in a 1980 publication 
called "Toward Hea1thful Diets" raised more than a few 
eyebrows. Reaction from consumer groups was furiously 
negative. These groups along with many individuals objected to 
the conclusion that no specific dietary advice was appropriate 
for ail cltizens. The recommendation of a balanced diet with 
moderation in consumption did not sit weil with people who 
were cc..,nvinced that a great many of the iIls of North American 
society are related to improper nutrition. A document detaIling 
the evils of food additives, the benefits of vitamin 
supplementation and the virtues of "organic" foods would 
undoubtedly have received more favourable reaction. 

The purpose of this article is to review the relationship between 
food consumption (that is, diet) and cancer. To do so, first, a 
review of diet-cancer research is provided, and second, the 
relationship between cancer and (1) fat, (2) selenium1

, (3) 

vitamins, and (4) fiber wia he discussed. Guidelines for an 
anti-cancer menu are provided at the end. 

Diet-Cancer Researcb 

Science cannot dea1 with emotions, belief or anecdotal eVldence; 

it must "'e based on facts stemming from well controlled and 
reproducible experimentlt. Unfortunately in the area of nutrition 
it is very difficult to design and carry out studies which lead to 
conclusive results. Accordingly many reports of results are 

1 Words wilh a slar(·) are defined beslde the lexl. 

Selenium: DOD-melallic elements 
often found in sulphur ores 
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speckled with phrases like "may cause", "is consistent with". otis 

associated with"; aIl of which imply uncenainty. The difficulty 

of providing "proof" one way or another in the areas of food 

science and nutrition leaves the door open to a variety of 

opinions not only among the alarmists and self styled authorities 

but among nutritional experts as weil. 

National Researçh Counei1 

lndeed, just two years after the above mentioned report the 

National Researeh Couneil issued a new document entitled 

"Diet,Nutrition and Cancer" with more specifie 

recommendations reflecting the state of knowledge and 

infonnation pertinent to the diet and the incidence of cancer. 

The guidelines now recommended a reduction of fat intake from 

about 40% to 30% of total calories, a reduction in the 

consumption of cured, piclded and srnoked foods and an 

increase in the consumption of wilvle grain eereal produets as 

well as fruits and vegetables, especially those rich in carott'!le. 

Vegetables belonging to the cabbage family were highly 

recommended but vitamin supplementation was not advised. The 

new report was in tum also critieized. Many scitntists believe 

that not enough is known about the diet-disease connection to 

warrant specifie guidelines for the population as a whole and 

furthermore the suggestion was made that if the guidelines were 

improperly applied they could lead to nutritional deficiencies. In 

light of the ongoing controversy it is appropriate to examine the 

studies and the kind of data that have lead to the debated 

recommendations. An examination of this controversy also 

serves to underline the need for a basic scientific understanding 

of chemicaJ and nutritional concepts. Familiarity with terms like 

"minerais", "vitamim", "rat", "fiber" , "caroteoe" etc. is 

essential for an objective and critical discussion of the 

relationship between diet and cancer. 

Mineral,,: lDorglUllC substlnces 
found 10 nature 

Vitamins: • group of orgAlUc 
~ubstances necessary for gro'W1h 

and regulahon of the body 

Fat: orgll1lc compound! 

composed of carbon, hydrogen. 

and ollygcn 

Fi ber: a comple~ of substAnces of 

riant ongm thal are not absorbed 
nor digested by hurnans 

Carotene: a red or yellow 
pIgment converted by the body 
lUtO vltalIlln A 
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Eovironmentally Relatcd Cancers 

There appears to be Iittle doubt that many cancers are 
environmentally related. Epidemiological studies have clearly 
shown large differences in cancer rates between countries. For 
example, breast and colon cancer rates in many areas of the 
world are less than one fifth that in North America. The 
Japanese in turn have the highest incidence of stomach cancer in 

the world. 

Immigrants from other countries to the U.S. and Canada 
however experience the local cancer rates, suggesting an 
enviro!1menta! influence. This is because many of North 

America's immigrants take on eating habits similar to those of 
the local population. 

Perhaps the best demonstration of this environmental effeet 
cornes from a study made public in 1984 by the National Cancer 
Research Institute of Japan. An epidemiological study spanning 
16 yea.rs and involving over lOO,oor men clearly showed that 
the incidence of cancer was greatest among those who smoked, 
drank alCl. JI, ate meat regularly and did not consume 
vegetables daily. Iodee<! the absence of vegetables from the diet 
appeared to increase the risk of a wide variety of cancers. The 
results of the survey are summarized below . 
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Table 1 

Relative Mortality Rates 

H you ••• 

Smoke Drink Eat Eat Theo your relative 

Alcohol Meat Vegetables mortaUty rate is ••• 

No No No Yes 1.0 

No Yes Yes No 1. 1 

Yes Yes Yes Yes 1.7 

Yes Yes No No 1. 8 

Yes No Yes No l. 8 

Yes Yes Yes No 2. 5 

The protective effects of vegetable consumption are dramatically 

illustrated by the above data; in fact even in the high risk group 

(smokers, drinkers and meat eaters) the risk of cancer can be 

reduced by one third if vegetables are regularly eateo. This 

protective effect may be manifested through the fiber, Vitamin 

C, or carotene components of the vegetables as discussed below . 
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Environmental Ys. "Man-Made" Cancers 

Many cancer experts now estimate that as much as 90% of 
North American cancers are environmentally determined and 

that a large fraction of these should therefore be avoided. 
"Environmental" must not be confused with "man made". 
Cigarette smokeing and toxic wastes are obviously "man made", 
whereas exposure to sunlight and the consumption of naturally 
occurring carcinogens can be termed "environmental". 

In fact, Bruce Ames of the University of California (Berk."ley) 
has concluded after a survey of the scientific literature that most 
of the carcinogens that non-smokers encounter in their daily life 
come from natural foods and cooking methods. For example, 
celery and parsley contain a carcinogen which becomes activated 
by light; mushrooms, beans and ev en alfalfa sprouts contain 
compounds which may increase the risk of cancer. Cooking, 
especially when food is browned or burned, adds carcinogens to 
the diet. On the other hand, liuggests Ames, food also appe:us to 
contain natural anti-carcinogens like Vitamins C and E, 

selenium and carotene which may decrease the risk of the 
dreaded disease. The fact that cancer rates aside from those 
related to smoking have remained almost constant over the years 
appears to Imply that the "natural" components of the 
environ ment may be more important than the "man made" 
factors in lOducmg cancer. 

Bruce Ame', Study 

In a controversial article in Science, 221,1256 (1983), Ames 
summarized the many natural foods which contained various 
carcinogens, such as celery, parsley, beans, mushrooms, etc .. 
In th;s same article, he also indicated that there, were many 

foods which were also anti-carcinogens, such as canots. The 
main idea here was that a minimum amount of cancerous foods 

CarcinO'gens: any substance or 
agent that cau..'-eS cancer 

Anti-ou'cinogens: any substance 
or agent that prevents cal.cer 
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ccuJ:'led with a reasonable amount of the anti-cancerous food~ 
wou Id provide a good riskJbenefit balance. 

However, Ames was criticized by a group of 18 academics, 
union officiaIs and environmentalists in a 1984 letter to Science 
for "trivializi.1g" cancer risks. Ames recently published a 
summary of relative risk factors for cancer by a careful (but 
controversial) examination of the literature. The resulting index 
called HERP (Human Exposure dose/Rodent Potency dose). 
This index considers two questions: How much of the material 
causes ~onsiderable rates of cancer in lab animaIs, and how 
much of it might an average person be exposed to over a 
lifetime? Ttle rankings do not predict a person' s actual chances 
of developing cancer, but show comparisons. If the relative 
ranking of tap water is 1. 0, then peanut butter (2 
tablespoons/day) is 30 (aflatoxin risk) as is comfrey tea (1 
cup/day) (symphytine, a natural pesticide is present). One pack 
/day of cigarettes is rated at 12,()()() while the nsk of cancer 
from PCBs (once used in electrical transformers) is O. 2. 
Needless to say, such a detailed list has created concem and 
discussion and will stirnulate research in the future. 

Contemporan Diet-Cancer Situation 

Since the second World War sorne 50,000 synthetic chemicals 
have been introduced into the environ ment wlth about 500 new 
ones coming into use every year. Many of these are mutagenic 
or carcinogenic in lab tests yet the cancer epidernlc that many 
scientists (even Bruce Ames at one time) have predicted has not 
materiaIized. Accordingly there is Ylidespread,though certainly 
not universal, belif!f that most cancers are caused by natural 

carcinogens. Many of these carcinogens are proouced by plants 
as natural pesticides to ward off insects. Ironica11y the current 
practice of breeding insect resistant plants in order to minimize 
the use of synthetic pesticides may actually be introducing new 
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carcinogens into the diet. Il is also a fact of course that not 
everyone gets cancer even though everyone consumes naturaI 
carcinogens. The explanation for this apparent inconsistf!ncy 
may lie in the po!..sibility that whereas chemica1s isolatf!d from 
food can cause cancer, the whole food does not. Mut;Jgens and 
"anti- carcinogens" are often present in the sarne food. FOi 
example, the potentially harmful effects of the psoralens in 
parsley and celery may be counteracted by the carotene and 
vitamin components of these foods. It appears then that attention 
to a scientifically balanced diet may be more important in 
warding off cancer than worrying about the trace amounts of 
synthetic carcinogens in the environ ment. The following 
summarize:; the current state of knowledge in this important 

area. 

The Dietary Fat-Cancer Relationship 

A couple of hamburgers and fries? Delicious, mouth watering, 
and fany! 

The need to reduce the fat content of the diet stems mostly from 
correlations noted by epidemiologists. A strong correlation 
exists between per capita fat intake and breast cancer mortality 
in women as weil as between fat intake and mortaHty from 
colon cancer. Il must be pointed out however that such 
associations do not imply cause. Although the "per 
capita"correlation of dietary fats with cancer is strong, there 
appears ln he no conclusive correlation of individual féat 
consumption and cancer. For example a similar correlation 
exists between gross national product and breast cancer. 
However, an increase in gross national product does not imply a 
direct increase in breast cancer, there are other variables in the 
relationship as weil. 

Hormones like estrogen have been linked with cancer. Does the 
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fact that women are having fewer and later pregnancies 
influence the average estrogen levels? Could it be the added 

calories and not the fat per se which is instrumental? The human 
feeding studies which would be needed to clarify the situation 
can never be ethically done but studies in animals do suggest 

that higher levels of fat intake cause mammary tumours. 

Theoretically the argument can be put forward that fats cause 
cancer by undergoing oxidation in cells. An example of this is 
when vegetable oils are converted into margarine. However, 
adequate Vitamin E, beta carotene and selenium consumption 

may prevent the oxidation of fats. 

Dr. Keith Ingold at the National Research Co un cil in Ottawa has 
in fact shown that Vitamin E is the major anti-oxidant in human 

blood. Seta carotene can also act as an antioxidant, especially at 
low oxygen concentrations such as are found in cells. It is 

noteworthy that this important research started out as an 

investigation into why engine oils break down upon exposure to 

oxygen in the car' s engine; a nice demonstration of how 

important results can come from seemingly "unimportant" 

research. Simtlarly the antioxidants BHT and BHA which had 
originally been developed to prevent fats in cereals from going 

rancid may turn out to have an important role in the prevention 

of cancer. 

Colon cancer has also been associated with high fat, high 

cholesterol diets. Once again though, epidemiological studies in 

individuals have yielded inconsistent results. Animal feeding 
studies in tum have shown that dietary fat promotes colon 

cancer. Furthermore, populations with high rates of color. 

cancer have increased levels of bile acids in the feces; these 

have been associated with cancer and are known to be formed in 

larger amounts in high fat, high cholesterol diets. In summary, 

the evidence may appear to be somewhat circumstantial, but 

the recommendation to reduce fat content by 25% does not 

Circ:wnstantiaJ: not supported by 
eVldence 
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represent a ris'! as long as a balanced diet is maintained. 

The Cured Foods-Diet Relationship 

Pickled vegetables and lean, almost fat.-free smoked meat is not 

unhealthy right? Wrong! 

Population studie~ have shown that cancers of the stomach and 

esophagus are more common in countries such as China, Japan 
and Iceland where the diet is high in foods that are salt cured 
and' moked. There is no doubt that smoke contains cancer 
causing compounds and salt has been reporta! to promote 

gastric cance~ in rats. Sodium nitrite, a pickling agent and 

preservative used in cold cuts, hot dogs, ham, etc., has been 

linked with the potential formaJon of nitrosamines, known 
carcinogens, in the body. Based upon these observations, 
limlting the intake of such cured or smoked foods would appear 

to be wise. Yet, even this recommendation has been challenged. 

Il has been pointed out that the death rate from stomach cancer 
has been declining in North America while the consumption of 
processp~ mcats has been rismg. Furthermore,nitrite addition IS 

so strictly regulated now that only minimal amounts are used; in 
fact the amount of nitrite now added can only prevent growth of 

the C10stndlum Botuhnum organism if it is used in conjunction 
with salt. It is also true that most of the "srnoked" foods 

presently marketed are smoked with liquid smoke. This is made 

by passing smoke througb water; since the carcinogenic 
compounds do not dissolve i;, water, foods "smoked" by this 
process are safer than "naturaliy" smoked foods. Although 

credence can be given to these criticisms, it must also tt 
pointcd out that foods high in smoke tlavour and nitrites are 
generally high in fat - perhaps enough of a rcason to minimize 
consumption . 

Nitrosamines: compounds 
contaming -NO and -NH2 
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The Selenium-Cancer Relationship 

Selenium. a minerai required by the body in "trace" amOUniS, is 
found in the soil and is absorbed by crops. Research studies 

have shown that high soil selenium areas correlate inversely 
with cancer. Indeed lung r,aPcer lates are lower ln countries 

where tobacco contains more selenium. Sorne correlations 
betwecn blood selenium levels and cancer have also been noted 
and preliminary research has shown that the selenium content of 
hair and nails rnay reflect blood levels. However, high intake of 

selenium can be toxie and the presently avallable mformation 
does not warrant the recommendation of supplements. 

The Cancer- Vitamin C and E Relationship 

The evidence for this association is essentially anecdotal 
although both of these vitamins are antioxldants and therefore 
could behave as anti-carcinogens. Vitamin E has been reported 

to reduce mutations in sorne bacterial systems and V:lamm C 
does block the conversion of nitrites to nitrosamtnes. For the 
latter reason Vitamin C is added to hot dog~. Simtlarly smce 

both tomatoes and lettuce contain Vitamin C they can 
conceivably do more than just dress up the appearance and 

flavour of a bacon sandwich. Indeed a BLT may be the best way 

to consume bacon. There is however no evidence that elther 
Vitamin E or C can prevent c:mcer . 
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Table 2 
Vitamin C and Vltamlfl E: A Comparison 

Vitamin C Vitamin E 

- antioxidant - antioxidant 

- behave as anti-carcinogens - behave as anti-carclnogens 

- bJocks the conversion of - reduces mutations ln sorne bactenal 
nitrates to nitrosamines bacterial systems 

The Cancer-Vitamin A Relationship 

Remember the stones about eating carrots to see better? 

This may be stretching the polOt, but the vitamIn A In carrots 

does play an essential role 10 the chemistry of VISIOn. 

Furthermore. the vltarnin and ItS precursor compound. 

beta-carotene may also protect the body against cancer. The 

rational for this bellef lies 10 the fact that vitamm A plays an 

Important role ln the control of cell differenuation and ln that 

both vitamm A and especlally beta-carotene are efficient 

scavengers of chemical species called free radlcals Since loss of 

cell differentiation is a basic fcature of cancerous ceUs and since 

free radicals are unstable highly reactive chemicals WhlCh can 

damage our genette matenals (DNA and RNA), there lS good 

reason to suspect that these two nutrients may have a protecttve 

effect agalnst cancer. 

Vitamin A itself can be obtained from animal products such as 

liver 1 eggs and meat or it cao by synthesized by the body from 
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beta carotene. Many green vegetables produce this bright orange 

compound but the richest sources are pumpk.ins, splnach and, of 

course, carrots. 

In 1975 a major epidernlOlogical study showed that Norweglan 
men consummg more than the average amount of vitamm A had 

less than half the rate of lung cancer as compared wlth men 

having below average consumptlOn of the vltamin. Similar 

findings were also reported m the followmg 5 years from 

scientists m Japan, Singapore and the United States. 

A further study (Nov. 1981) published m the Bntish medical 

journal Lancet supported the hypothesis that the pro-vitarnm A 

(beta carotene)and not the vltamm itself was the beneficlal 

factor. The study showed that there was an Inverse relatlOnshlp 

between intake of dletary beta-carotene and lung cancer In 1,954 

middle aged male smokers over a period of 19 years. lntake of 

preformed vitamm A dld not show a significant effect. 

Unfortunately, studies on vltamm A are often limIted due to its 

toxicity. High levels of vltamln A lead to hver damage, 

headaches, lack of appetIte, haIr 1055, rnenstrual problems and 

retarded growth ln chIldren -- problems sometlmes seen among 

vltamin and health food faddists. On the other hand, optimal 

mvestigative approaches are possible wlth beta carotene smce 

there are no known senous slde effects, even WIth doses 50 hlgh 

as to cause an obvious orange skin coloratIon. In recent years 

synthetic analogs of vitamin A have been prepared ln an effort 

to reduce its toxicity. These safer compounds are now bemg 

tested with high risk groups to determme If other forms of 

cancer can be prevented. One such group conslsts of albmo 

children In Afnca who have a 100% nsk of developlng skm 
cancer. In addition, at the present time the V.S. National 

Instltute of Health has InVlted all male physiclans between the 

ages of 40 and 85 to participate as subJects in a 

Toxicity: the p<lI~onou~ qllaltt) of 

J ~uh~tance 
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placebo-controlled genera! study of beta- carotene and cancer. 

A major report on this issue published in the New England 
Journal of Medicine, March 1984 (by the Harvard School of 
Public Health) explained that although the protective effect 
against lung cancer of beta-carotene is strongly supported by 
many studies, there are indications that these effects may not 
apply to other typt;5 of cancer. 

ln conclusion, it should be noted that the main cause of lung 
cancer, smoking, also increases one's risk of severa! other 
serious diseases, includang atherosclerosis -- a primary cause of 
death in North America. However, there is no evidence that 
either vitamin A or beta carotene affects this condition in any 
way. 

The Cancer-Fiber Relationship 

Roughage? Unappetizing, tasteless, completely indigestible 
but ... it fights cancer! 

It aIl started with Dr. Dennis Burkitt's 20 year observation of 
diets and incidence of colorectal cancer in rural Africa. The 
British surgeon noted that although cancer of the lowest five to 
six feet of the intestine is very prevalent in the western world 1t 
is aImost nonexistent among people in Africa consuming a high 
fiber diet. In Canada, about 100,000 people over 45 years of 
age, get colon cancer every year, half of whom die within the 
same year. 

The same high frequency of this malignancy has been found in 
the U.S., Scotland, Denmark and especially New Zealand, 
countries which consume the highest amounts of meat and 
animal fat around the world . 
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The incidence of this type of cancer appears to br 100 times 
more prevalent in the lowest 1 % of the smaJl intestine. This 
leads scientists to believe that carcinogens are not swaJlowed 
with our food but are prcxluced in the colon from material in the 
feces. ft has been suggested that bile acids (biomolecliles 
naturally released into the gui in response to the presence of fat 
in the diet) are chemically altered by bacteria to produce 
carcinogens. High colon cancer areas have been found to he 

much more abundant in colorectal cancer patients than in 
control groups. In a reeent study conducted by Dr. Tracy 
Wilkins, a microbiologist at (he Virginia Polytechnic Institute in 
Blacksburg, a chemicaI mutagen, named faecapentaene, was 
isolated from the feces of about 20 per cent of the white 
residents of Johannesburg. The same compound was detected in 
less than 2 percent of the rural population. The diet of the urban 
community is very similar to ours (high in refined carbohydrates 
and fat), whereas that of the rural population is low in meat and 
fat and high in fruits and vegetables. Although most carcinogens 
are mutagens not all mutagens are carcinogens, and therefore 
the presence of faecapentaene does not neeessarily mean that it 
is the cause of cancer. Dr. David Kingston, a chemist at the 
Virginia Polyteehnic Institute, has synthesized this compound 
and its cancer-causing potential will now be investigated in 
laboratory animaIs. 

These findings certainly support the theory that fiber, which 
increases the rate of feees elimination, should lower one's 
chances of developing cancer of the colon. However, there are 
some inconsistencies in the findings related to the effects of 
fiber. For instance, in a Canadian study published in 1980 
higher consumption of dietary fiber was shown not to have any 
significant effeet on cancer whereas in Puerto Rico high 
consumption was associated with higher incidence of colon 
cancer. Such discrepancies may be related to the extremely 
heterogeneous nature of dietary fiber. Dietary fiber is a mixture 

Control group: aroup not alVen il 

Ireatmenl 10 an C:llpenment 
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of indigestible chemicals:cellulo5e, hemicellulo5e, lignin and 
pectin. preliminary studies have shown that wheat bran and fiber 
from citrus fruits proteet laboratory animaIs against 
chemica11y-induced colon cancer. Since citrus fruits are also an 
excellent source of vitamin C (a scavenger of carcinogenic free 
radicals) an orange a day, or even the traditionaI apple a day, 
may not be such a bad idea. 

Summary 

ln summary: 

ft is very difficult to design and carry out studies which lead to 
conclusive results in the area of nutrition. 

Recommendations include a) a reduction of fat intake from 
about 40% to 30% of total calories, b) a reduction in the 
consumption of cured, pickled and smoked foods, c) an increase 
in the consumption of whole grain cereaI products, d) an 
increase in the consumption of vegetables belonging to the 
cabbage family. 

Vitarnin supplementation is nol advised. 

Many cancers are environmentaJly related and "natural" 
components of the environment may be more important than the 
"man made" factors in inducing cancer. 

Some natural foods, such as celery, parsley, beans, mushrooms, 

etc., contain various carcinogens whereas there are many foods, 
such as carrots, which contain anti-carcinogens. 

A strong correlation exists between per capita fat intake and 

breast cancer mortality in women as weil as between fat intake 
and mortality from colon cancer. 



• 

• 

Effectiveness. Cost and Efficiency of Formative Evaluation 99 

16 

Smoked-foods and cured-foods con tain cancer causing 
compounds and salt has been reported to promote gastric cancer. 

Selenium areas correlate inversely with cancer. 

80th Vitamin C and Vitamin E are antioxidants and therefore 
cou Id behave as anti-wcinogens. 

Vitamin At and its precursor compound beta-carotene, may aIso 
protect the body against cancer. 

Fiber fights cancer. 

The main idea is that a minimum of the questionable foods 
coupled with a reasonable amount of the "good" ones should 
provide as good a balance of risklbenefit as can be achieved in 
this very complex area . 
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GuideUnf'S ror an Antl-Cancer Menu 

Table 3 
The "Do's and Don't's" of an Anti-Cancer Menu 

Do ••• 

... increase consumption of foods rich in dietuy fiber,. beta carotene, vitamins A, E and 
C and the minerai selenium 

... consume often, cruciferous vegetables such as cabbage, broccoli, brussel sprouts 

and caulitlower. 

Doo't ••• 

. .. consume megadoses of dietary supplements 

... consume many foods that contain fat 

... consume too much nitrite-cured meats, smoked or charcoal-broiled meats 

and large amounts of alcohol 

Recent Review 

A recent summary which gives a balanced report is from 
Scientific American, November, 1987, p. 42 . 



Effectiveness, Cost and Efficienc)' of Formative Evaluation 10 1 

• 

Appendix 0: 

Materials revised with expert data (RED) 

• 



• 

• 

Effectivcne~s, Cast and Efficiency of Formative Evaluation 102 

THE DIET CANCER RELATIONSHIP 

Do you ever dream that eating pizza, potato chips, and drinking beer does not pose a 
cancer risk? Weil, according to numerous studies, it is not what you eat, but the 
combinations of foods eaten which may increase or decrease the chances of getting 
cancer. 

The objective of this article is to make people better consumers of food with respect 
to nutrition and cancer. Sorne more specifie objectives include: You will be able to 
interpret research findings about the relationship between diet and cancer and to 
evaluate the conclusions of these research findings. This will allow you to decide for 
yourself which cancer risks you are willing to live with, and which you are not. AIso, 
you will be able to look at what ever cornes up in research studies and be able to iink 
this information to other issues of interest or concern. 

In order to achieve these objectives, we will look at sorne recommendations made by 

the National Research Council in the U. S.; we will discuss some international 
research finding; and we will also discuss some North American research findings. 
Then, we will examine the relationship between fat and cancer, cured foods and 

cancer, selenium and cancer, vltamins and cancer, and between fiber and cancer. 
Finally, guidelines for an anti-cancer menu are provided and further readings are 
suggested. Let us start by observing sorne of the findings of the National Research 
Councii. 

National Researcb CounciJ Reports (U .S.) 

"Sound nutrition is no.t a panacea. Good food that provides appropriate proportions of 

nutrients should not be regarded as a poison, a medicine, or a talisman. It should be 
eaten and enjoyed." This statement in a 1980 publication called "Toward Healthful 
Diets"l raised more than a few eyebrows. Reaction from consumer groups was 
furiously negative. These groups along with many individuals objected to the 
conclusion that no specific dietary advice was appropriate for all citizens. The 
recommendation of a balanced diet with moderation in consumption did not sit well 
with people who were convinced that a great many of the ills of North American 
society are related to improper nutrition. A document detailing the evils of food 
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additives, the benefits of vitamin 
supplementation and the virtues of 
"organic" foods would undoubtedly have 
received more favourable reaction. 
Science however often cannot deal with 
emotions, belief or anecdotat evidence; 

it must be based on facts stemming from 
well controlled and reproducible 
experiments. Unfortunately in the area 
of nutrition it is very difficult to design 
and carry out studies which lead to 
conclusive results. Accordingly many 
reports of results are speckled with 
phrases like "may cause", "is consistent 
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with", lOis associated with"; aIl of WhlCh imply uncertainty. The difficulty of 
providing "proor' one way or another in the areas of food science and nutrition leaves 
the door open to a variety of opinions not only among the alarmists and self styled 
authorities but among nutritional experts as weil. 

Indeed, just two years after the above 
mentioned report a new document 
entitled "Diet,NutritlOn and Cancer,,2 

with more specifie recommendations 
reflecting the state of knowledge and 
information pertinent to the diet and the 

incidence of cancer. The guidelines now 

recommended a reduction of fat intake 
from about 40% to 30% of total 
calories, a reduction in the consumption 

of cured, pickled and smoked foods and 
an increase in the consumption of whole 
grain cereal products as weIl as fruits 
and vegetables, especially those rich in 

~
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.1 



• 

• 

Effectivene~s. Cost and Efficiency of Formative Evaluation 104 

3 

carotene. Vegetables belonging to the cabbage family are highl} recommended but 
vitamin supplementation was not advised. The new report was 10 tum also criticized. 
Many scientists believe that not enough is known about the diet-disease connection to 
warrant specific guidelines for the population as a whole and furthermore it was 

suggested that improperly applied guidelines could lead to nutritional deficiencies. In 
light of the ongoing controversy it is appropriate to examine the studies and the kind 
of data that have lead to the debated recommendations. An examination of this 
controversy also serves to underline the need for a basic scientific understanding of 

chemical and nutritional concepts. Familiarity with terms like "minerals", "vitamins", 
"fat, "fiber", "carotene" etc. is essentlal for an objective and critical discussion of the 
relationship between diet and cancer. Also, an observation of some international 
research demonstrates that different cultures have different types of cancers. 

There has been much research on diet and cancer done outside North America. 

Regardless of whether these findings apply to North America, it is interesting to see 
what resea.rch is conducted intemationally. 

Diet Cancer Relationship - International Research 

Much of the research on the relationship between food and cancer shows that 
chemicals isolated from food can cause cancer, the whole food does not. For 

example, the potentially harmful effects of parsley and celery may be counteracted by 
the carotene and vitamin components in these foods. It appears then that attention to a 
scientifically balanced diet may be more important in warding off cancer than 

worrying about the trace amounts of synthetic carcinogens in the environ ment. The 

following summarizes sorne of the research on the diet-cancer relationship. 

There appears to he Iittle doubt that many cancers are environmentally related. 

Epidemiological* studies have c1early shown large differences in ~ancer rates between 
countries. For example,breast and colon cancer rates in many aIeas of che world are 
less than one fifth that in North America. The Japanese in turn have the highest 

incidence of stomach cancer in the world. Immigrants from other countries to the 

U .S. and Canada however experience the local cancer rates, suggesting an 

environmental influence. 
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J apanese Researçh 

Perhaps the best demonstration of this environmental efft",ct co mes from a study made 
public in 19843• An epidemiological study spanning 16 years and involving over 

100,000 men clearly showed that the incidence of cancer was greatest among those 

who srnoked, drank alcohol, ate meat regularly and did not consume vegetables daily. 

Table 1 
Relative Mortality Rates 

If yOll .•• 

Srnoke Drink Eat Eat Then YO'Jr relative 
Alcohol Meat Vegetables mortality rate is ... 

No No No Yes 1.0 

No Yes Yes No 1.1 

Ye:l Yes Yes Yes 1.7 

Yes Yes No No 1.8 

Yes No Yes No 1.8 

Yes Yes Ye3 No 2.5 

Notes: 
l. Your relative rnortaiity rate incœases if you ~rnoke, drink, and eat meat. 
2. Not all cornbinations of smoki'i,~, drinking, eating meat, and eating vegetables are 
present. What are sorne other combinations that rnay eXlst? Where would the relative 
mortality rate of these other cornbinations fall? 
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Indeed the absence of vegetables from the diet appearr.d to increase the risk of a wide 
variety of cancers. However, generalizations cannat be made for individuaI incidence 
of cancer are not easily predicted. The results of the survey, summarizf'..d below, 
provlde a comparison between relative mortality rates and consumption of cigarettes, 

alcohol, meat and vegetables. 

The protective effects of vegetable consumption are dramatically illustrated by the 
above data; in fact even in the high risk group (smokers, drinkers and meat eaters) 
the risk of cancer can be reduced by one third if vegetables are regularly eaten. This 

protective effect may be manifeste.d through the fiber, Vitamin C, or carotene 

components ûf the vegetables as discussed later. 

Much research on diet and cancer has aIso becn done closer to home. The following 

summarizes the results of some of this research. 

Diel-Cancer RehtioDCihip: North American Research 

Many cancer experts now estimate that as much as 90% of North American cancers 

are environmentally determined and that a large fraction of these should therefore be 
avoidable. "Environmental" must not be 
confused with "man made". Cigarette 

smokeing and toxie wastes are "man 

made", but exposure to sunlight and the 
consumption of naturaIly occurring 

carcinogens is termed "environ mental " . 

In fact, Bruce Ames of the University of 

CaIifornia (Berkeley) has concluded 
after a survey of the scientific literature 
that most of the carcinogens that 

non-smokers encountt' r in their daily life 

come from naturaI foods éùld cooking 
methods. For ex ample celery and 

parsley contain a carcinogen which 

becomes activated by Iight; mushrooms, 

tacors 

lex,c ·,.,aSle 

Il :II'Hlon 

beans and even alfalfa sprouts contain compounds which may increase the risk of 
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cancer. Cooking, especially when food is browned or bumed adds carcinogens to the 
diet. On the other hand, suggests Ames, food also appears to contain nalural 

anti-carcinogens like Vitamins C and E, selenium and carotene which may decrease 
the risk of the dreaded disease. Natural anti-carcinogens are "naturally" found m 
food. The fact that can~er rates aside from those related to smoking have remained 
almost constant over the years appears to imply that the "natural" components of the 
environ ment may be more important than the "man made" factors in lIlducmg (;ancer. 

A research-based study, discussed belo'N, attempted to find which foods were more 
cancerous and which are less cancerous. 

In a controversial crticle4
, Ames summarized the many natural foods (above) which 

contained various carcinogens. In this same article, he also mdicated that there were 
many foods which were also 
anti-carcinogens. The main Idea here 
was that a minimum of the questlOnable 

foods coupled with a reasonable amount 

of the "good" ones would provide as 
good a balance of risk/benefit as cou Id 

questlonab1e 

lood s + good 
10 ad s 

b,,:d r,i' 0,j 

dlel 

be achieved in this very complex area. Ames was criticized by a group of 18 
academics, uniun officials and environmentahsts in a 1984 letter to Science for 
"trivializing" cancer risks. Ames recently published a summary of relative nsk factors 
for cancer by a careful (but controversial) exammation of the literatllre. The rcsllltmg 

index called HERP (Human Exposure dose/Rodent Poten~y dose). ThIS Index 
considers two questions: How much of the material causes considerable rates of 
cancer in lab animals, and how much of it might an average person be exposed to 
over a lifetime? The rankings do not predict a person' s actual chances of developmg 

cancer, but show comparisons if the relative r:ùlklOg o~ tap water IS 1.0, then peanut 

butter (2 tablespoons/da~/) is 30 (aflatoxin risk) as is comfrey tea (1 cup/day) 
(symphytine, a natural ~sticid~ is present). One packlday of cigarettes IS rated at 
12,000 while the risk of cancer from peBs (ones used in electncal tramformcrs) is 

0.2. Needless to say, such a detailed Iist has created concern and discussion and WIll 

stimulate research in the future. 

Since the second World War some 50,000 synthetic chemicals have been introduced 
into the environ ment with about 500 new ones coming into use every year. Many of 
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these are mutagenic* or carcmogenic· in 
lab tests yet the cancer epidemic that 
many scientists (even Bruce Ames at 
one tllne)have predicted has not 
materialized. Accordingly there is 
widespread,though certainly not 
universal, behef that natural carcinogens 

cause most cancers. Many of these 
carcinogens are produced by plants as 
natural pesticides to ward off insects. 
Ironically the CUITent practice of 
breeding insect resistant plants in order 

to minimize the use of synthetic 
pesticides may actually be introducing 

7 

30 

1 Cl o 2 
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new carcinogens into the diet. It is also a fact of course that not everyone gets cancer 
even though everyone consumes natural carcinogens. The explanation for this 

apparent inconsistency may lie in the possibility that whereas chemicals Isolated from 
food cao cause cancer, the whole food does not because mutagens, WhlCh can cause 
cancer, and "anti-carcmogens", which fight cancer, are often present in the same 
food. For example the potentially harmful effects in parsley and celery may be 

counteracted by the carotene and vitamin components in these foods. It appears then 
that attention to a scientifically balanced diet may be more important in warding off 

cancer than worrymg about the trace amounts of synthetic carClnogens in the 

environ ment. 

The followlng sections summarize the CUITent state of knowledge in the important area 

of specific consumer diet items and cancer. The specific diet Items discussed will be 
fat, cured foods. selenium. vitamins and fiber. The first two diet items, fat and cured 

foods. present a risk in contracting cancer. The remainder of the food items are "antl
eaneerous". However, selenium can be toxie in large amounts. Let us look at eaeh 

specifie item . 
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The Dietary Fat-Cancer Relationship 

Types of cancers discussed: breast cancer, colon cancer. 

A couple of hamburgers and fries? Delicious, mouth watering, and fatty! 

The recommendation to reduce the fat content of the rliet stems mostly from 

correlations noted by epidemiologists. A strong correlation exists betwcen per capita 

fat intake and breast cancer mortality ln women as weil as between fat IIltake and 

mortality from colon cancer. It mùst be pointed out however that such assoclation'i do 
not imply cause. For example, a simllar correlatiOn eXIsts between gross natIOnal 

product and breast cancer. Although the "per capIta" correlatIon of dietary fats wlth 

cancer is strong, there appears to be no conclusive correlatIon of mdividual fat 
consumption and cancer because there may be other variables In the relatlOnshlp as 

weIl. These other variables correlate with cancer, but not fat itself. Think of It as that 

old statistics riddle, A is equal to B, B is equal to C, but C IS not equal to A! 

Theoretically the argument can be put forward that fats cause cancer by undergoing 

oxidation* in cells. Unsaturated fats may pose a greater risk SInce they are more 

easily oxidized. Sorne studies have indeed shown an aSSocIatIon bctween cancer and 

fat produced wh en vegetable oils are converted into marganne. Adequate Vital11tn E, 

beta carotene and selenium consumption may prevent the oXldatlon of fats. 

Dr. Keith Ingold has in fact shown that Vltarnin E is the major "free-radlcal trappmg" 

anti-oxidant* in human blood5
• Beta 

carotene can also act as an antioxidant, 

especially at low oxygen concentratlons 

found in ceUs. It is noteworthy that thlS 

important research started out as an 

investigation into why engine oils break 
down upon exposure to oxygen in the 

car's engine; a nice demonstration of 

how important results can come from 

seemingly "ummportant" research . 

Similarly the antioxidants BHT and 

X "s:rj;"~ 
X !3: 

X C~oIE~:E'r~1 

'.'~ 11 _ ' .. j '. 

~ ") r. r .. : ' 
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BHA which had originally been developed to prevent fats in cereals from going rancid 
(and incidentaIly have been much maligned-) may tum out to have an important role 
in not only the prevention of cancer but in actually slowing down the aging process. 

Colon cancer has also been associated with high fat, high cholesterol diets. Once 
again though, epidemiological studies in individuals have yielded inconsistent results. 
Animal feeding studies in tum have shown that dietary fat promotes colon cancer. We 
must remember that studies done on animals are not always precise. If they are not, 
they may give some indications for further research. Furthermore, populations with 

high rates of colon cancer have increased levels of bile acids in the feces; these have 
becn associated with cancer and are known to be formed in larger amounts in high 
fat, high cholesterol diets. In summary, the evidence may appear to be somewhat 
circumstantial, but the recommendation to reduce fat content by 25 % does not 
represent a risk as long as a balanced diet is maintained. 

The Cured Foods-Diet Association 

Types of cancers discussed: gastric cancer, stomach cancer. 

Pickled vegetables and lean, almost fat-free smoked meat is not unhealthy right? No, 

wrong! 

Once again population studies have shown that cancers of the stomach and esophagus 

are more corn mon in countries such as China, Japan and Iceland where the diet is 
high in foods that are salt cured and smoked. There is no doubt that smoke con tains 
cancer causing compounds and salt promotes gastric cancer in rats. Sodium nitrite, a 
pickling agent and preservative used in co Id cuts, hot dogs, ham, etc. is linked with 

the potential formation of nitrosamines, known carcinogens, in the body. Based upon 
the se observations, limiting the intake of such cured or smoked foods would appear to 
be wise. Yet, even this recommendation has been challenged. It has been pointed out 

that the death rate from stomach cancer has been declining in North America while 

the consumvtion of processed meats has been rising. Furthermore,nitrite addition is so 
strictly regulated now that only minimal amounts are used. It is also true that most of 
the "smoked" foods presently marketed are smoked with liquid smoke. This is '!lade 

by passing smoke through water; since the carcinogenic compounds do not dissolve in 
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water foods "smoked" by this process 
are safer than "naturally" smoked foods. 

ln conclusion, research findings 
contradict themselves. However, it must 
aIso be pointed out that foods high in 
smoke flavor and nitrites are generaIly 
high in fat, perhaps enough of a reason 
to minimize consumption. 

The Selenium-Cancer Association 

Types of cancers discussed: mammary 
cancer. 

Selenium, found in sea food, milk, and 
grains, is a mineraI required by the 
body in little amounts. ft plays a role in 
the protection of cells from damage by 
oxidation. Studies have shown that 
selenium has inhibited mammary cancer 
in rats fed a high polyunsaturated fat 
diet. Selenium is found in the soil and is 
absorbed by crops. High soil selenium 
areas correlate inversely with cancer but 
these areas are also less populated and 
differ from low soil selenium areas in 
several respects. Sorne correlations 
between blood selenium levels and 

10 

~alt ,:ured 
'3:nJked toods 

cancer 

cancer have also been noted and prelirninary research has shown that the selenium 
content of hair and nails may refleet blood levels. High intake of selenium can be 
tmdc and the presently available information does not warrant the recommendation of 
supplements. 
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The Cancer-Vitamin C and E Connection 

The evidence for Ihis association is essentially anecdotaJ although both of these 
vitamins are antioxidants and therefore could behave as anti-carcinogens. Vitamin E 
reduces mutations in sorne bacterial systems and Vitamin C does block the conversion 
of nitrites to nitrosamines. For the latter reason Vitamin C is added to hot dogs. 
Similarly since both tomatoes and lettuce con tain Vitamin C they can conceivably do 
more than just dress up the appearance and flavor of a bacon sandwich. Indeed a BLT 
may be the best way to consume bacon. There is however no evidence that either 
Vitamin E or C can prevent cancer. 

Vitamin Source Effects on Cancer 

C tomatoes blocks the conversion of 
leltuce nitrates into nitrosamines 
citrus fruit 
hot dogs 

E vegetable oils reduces the mutations in 
whole wheat bread sorne bacterial systems 
beef Iiv~r 
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The Cancer-Vitamin A Connection 

Types of cancers discussed: lung cancer, skin cancer. 

Remember the stories about eating carrots to see better? 

This may be stretching the point, but the vitam in A in carrots Joes play an essential 
role in the chemistry of vision. Furthermore, the vitam in and its precursor compound 
(beta-carotene) may also proteet the body against cancer. The rationale for this belief 
lies in the fact that vitamin A plays an important role in the control of cell 
differentiation* and that both vitamin A and especially beta-carotene are efficient 
scavengers of chemical species called free radicals. Since loss of cell differentiation is 
a basic feature of cancerous cells and since fœe radicals are unstable highly reactlve 
chemicals which can damage our genetic materials (DNA and RNA), there is good 
reason to suspect that these two nutrients may have a protective effect against cancer. 

Vitamin A itself can be obtained From animal products such as Iiver, eggs and meat 
or it can by synthesized by the body From beta carotene. Many green vegetables 
produce this bright orange compound but the richest sources are pumpkins, spinach 

and, of course, carrots. 

Cancer-Vitamin A Research 

In 1975 a major epidemiological study showed that Norwegian men consuming more 
than the average amount of vitamin A had less than half the rate of lung cancer as 
compared with men having below average consumption of the vitamin. Simllar 
findings were also reported in the following 5 years From scientists ln lapan, 

Singapore and the Umted States. 

A further study6 supported the hypothesis that the pro-vitamin A (beta carotene)and 
not the vitam in itself was the beneficial fa,,;tor. The study showed that there was an 
inverse relationship between intake of dietary beta-carotene and lung cancer in 1,954 

middle aged male smokers over a period of 19 years. Intake of preformed vitamin A 
did not show a significant effeet. 
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Unfortunately, studies on vitamin A are 
often Iimited due to its toxicity. High 

Ie.vels of vitamin A lcad to Iiver 
damage, headaches, Jack of appetite, 
hair loss, menstrual problems and 
retarded growth in chiJdren -- problems 

sometimes seen among vitamin and 
health food faddists. On the other hand, 
optimal investigative approaches are 
possible with beta carotene since there 

are no known serious side effects. In 
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recent years synthetic analogs of vitamin A have been prepared in an effort to reduce 
its toxicity. These safer compounds are now tested with high risk groups to determine 
if other forms of cancer can be prevented. One such group consists of albino children 

in Africa who have a 100% risk of deveJoping ')kin cancer. In addition, at the present 
time the U.S. National Institute of Health has illvited all male physicians between the 

ages of 40 and 85 to participate as subjects in a placebo-controlled* general study of 
be~-carotene and cancer. 

A major report1 on this issue explained that although the proteetive effeet against 

Jung cancer of beta-carotene is strongly supported by many studies, there are 

indications that these effects may not apply to other types of cancer. 

In conclusion, the main cause of lung cancer, smoking, also increases one's risk of 

several other serious diseases,including atherosclerosis -- a primary cause of death in 

North America. However, there is no evidence that either vitamin A or beta-carotene 

affects this condition in any way. 

The Cancer-Fiber Connection 

Types of cancers discussed: coJoreetal cancer, colon cancer. 

Roughage? Unappetizing, tasteless. completely indigestible but. .. it fights cancer! 

It all started with Dr. Dennis Burkitt's 20 year observation of diets and incidence of 
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colorectal cancer in rural Africa. The British surgeon noted that although cancer of 

the lowest five to six feet of the intestine is very prevalent in the western world it is 

almost nonexistent among people in Africa consuming a high fiber diet. In Canada, 

about 100,000 people get colon cancer every year, half of whom die within the same 

year. The samt.' high frequency of this malignancy has been found in the U. S., 

Scotland, Denmark and especially New Zealand,countries which consume the highest 

amounts of meat and animal fat around the world. 

The incidence of this type of cancer 

appea.rs to be 100 times more prevalent 

in the lowest 1 % of the small intestine. 

This leads scientists to believe that 

carcinogens are not swallowed with our 

food J>ut are produced in the colon from 

material in the feces. It is suggested that 

bile acids (biomolecules* naturally 

released into the gut in response to the 

presence of fat in the diet) are 

A 
ailered ~y/ 
bile acd, 

bacter:a 

chemically altered by bacteria to produce carcinogens. 

1 ----- --- --~-c.. cane er ,') ------

High colon cancer areas are much more abundaJ'lt in colorectal cancer patients than in 

control groups. In a recent study conducted by Dr. Tracy Wilkins, a microbiologist at 

the Virginia Polytechnic Institute in Blacksburg, a chemical mutagen, named 

faecapentaene, was isolated from the feces of about 20 per cent of ~he white resldents 

of Johannesburg. The same compound was detected in less than 2 percent of the rural 

population. The diet of the urban community is very simila!' to ours (high in retined 

carbohydrates and fat~, whereas that of the rural population is low in meat and fat and 

high in fruits and vegetables. Although most carcinogens are mutagens not ail 

mutagens are carcinogens, and therefore the presence of faecapentaene does not 

necessarily mean that it is the cause of canc~r. Dr. David Kingston, a chemist at the 

Virginia Polytechnic Institute, has synthesized this compound and its cancer-causing 

potential will now be investigated in laboratory animais. 

Dietary fiber is a mixture of indigestible chemicals: cellulose, hemicellulose, lignin 

• and pectin. Preliminary studies have shown that wheat bran and fiber from citrus 



• 

• 

Effectiveness, Cost and Efficiency of Formative Evaluation 116 

15 

fruits protect laboratory animais against chemically-induced colon cancer. Since citrus 
fruits are also an excellent source of vitamin C (a scavenger of carcinogenic free 
radicaJs) an orange a day, or even the traditional apple a day, may not be such a bad 
idea. 

These findings certainly support the theory that fiber, which increases the rate of 
feces elimination, should lower one's chances of developing cancer of the colon. 
However, there are sorne inconsistencies in the findings related to the effects of fiber. 
For instance, in a Canadian study published in 1980, higher consumption of dietary 
fiber showed not to have any significant effeet on cancer whereas in Puerto Rico high 
consumption was associated with higher incidence of colon cancer. Such discrepancies 
may be related to the extremely heterogeneous nature of dietary fiber . 
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GUIDELlNES FOR AN ANTICANCER MENU 

RECENT REVIEW 

consumpllon of 
- fal 
- cured mealS 

- smoked meals 

- charcoll-broJied mealS 
- alchobol 

Food S flCh ln 

- tlbe r 
- bela carotene 
- v:lamln A and C 

- selenium 

Vegetables such as 

- cabbage 
- broccoll 
- brussel sprouts 
- caulillower 

A recent summary which gives a balanced report is from Scientific American, 

November, 1987, p. 42. 

Another good source is Introductory Nutrition by Helen A. Guthrie . 

/ 
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GLOSSARY 

Mutagenic: ability to cause mutations 

MaUgnancy: cancer-causing tumor 

Carcinogenic: any substance or agent that causes cancer 

Cel) differentiation: modification and specialization of eells as an organism grows 

Epidemiologists: people who study the causes, distribution, and control of disease in 
a community 

Oxidation. breakdown of molecules into unstable charged particles 

Aoti-oxidation: prevention of the breakdown of molecules into unstable charged 
particles 

Pla"ebo-controlled: inactive material given to subjects in a controlled experiment 

Biomolecules: large, organic molecules found in organic substances 

Anecdotal evidence: evidence not supported byexperiments 
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THE DIET CANCER RELATIONSHIP 

Introduction 

Chemists, nutritional experts and food faddists cannot agree on the strength of the 

relationship between our diets and cancer. This article anempts to review what is known in 

this very complex area. Specifically, we will differentiate what is meant by "environmental 

cancers" and "man made" cancers. Then, we will discuss some international research 

finding:;, and sorne North American research findings as weIl. Next, we Will examine the 

relation between sorne "bad" foods and cancer: foods which contain fat and foods which are 

cured and smoked. Then, we will examine the relation between sorne "good" foods and 

cancer: foods which con tain selenium, vitamins, and fiber. And finally, guidelines for an 

anti-cancer menu will be provided and further readings are suggested. 

The objective of this article is to make people better consumers of food with respect to 

nutrition and cancer. Sorne more specifie objectives include: (1) The introductIon of the 

concept that there is a social response to what happens in the popular press, in lobby groups, 

and in special interest groups. These groups do not always agree with what the scientlfic 

community says. (2) You will be able to interpret research findings and to evaluate the 

conclusions of these research findings. This will allow you to declde for yourself which 

cancer risks you are willing to live with, and which you are not. FlOally, (3) you Will be able 

to look at research findings, and be able to link this information to other issues of interest or 

concem. Also, you'll be able to answer intelligently about sorne of the issues affecung dlet, 

cancer, nutrition, and food faddism. 

The central theme is that, with respect to the diet and cancer relationshlp, there is rnuch 

controversy, there are many powerful interest groups with many differing convictions, there 

is much scientific evidence, and there are many food faddists. ThiS is coupled with the fact 

that diet, nutrition and cancer are very sensitive SOCial issues. To sort through these issues, 

let us start by reviewing sorne recent research that tries to understand the relatlOnship 

between diet and cancer . 
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Overview of Recent Research on Cancer 

"Sound nutrition is not a panacea. Good food that provides appropriaœ proportions of 
nutrients should not be regarded as a poison, a medicine, or a talisman. It should be eaten 
and enjoyed." This statement by the Food and Nutrition Board of the National Research 
Council, in the V.S., in a 1980 publication called "Toward Healthful Diets", raised more 

than a few eyebrows. Reaction from consumer groups was furiously negative. These groups 
objected to the conclusion that no specific dietary advice was appropriate for ail citizens. The 
recommendation of a balanced diet, with moderation in consumption, did not sit weIl with 
people who were convinced that a great many of the ills of North American society are 

related to improper nutrition. A document detailing the evils of food additives, the benefits of 
vitamin supplementation and the virtues of "organic" foods would undoubtedly have received 
more favourable reaction. 

Science however cannot deal with emotions, belief or anecdotal evidence; it must be based 
on facts stemming from weIl controlled and reproducible experiments. Unfortunately in the 
area of nutrition it is very difficult to design and carry out studies which lead to conclusive 
results. Accordingly many reports of results are speckled with phrases like "may cause", "is 

consistent with", "is associated with"; all of which imply uncertainty. The difficulty of 

providing "proof", one way or another, in the areas of food science and nutrition, leaves the 
door open to a vanety of opinions not only among the alarmlsts and self styled authorities 
but among nutritional experts as weIl. 

Indeed, just two years after the above mentioned report the National Research Council issued 
a new document entitled "Diet, Nutrition and Cancer", with more specifie recommendations 

reflecting the state of knowledge and information pertinent to the diet and the incidence of 

cancer. The guidelines n~w recommended: 

a reduction of fat intake from about 40% to 30% of total calories 
a redv.:tion in the consumption of cured, pickled and smokcd foods 

an increase in the consumption of whole grain cereal products 

an increase in the consumption of fruits and vegetables, especially those rich in 
carotene 

• Vegetables belonging to the cabbage family were highly recommended but vitamin 
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supplementation was not advised. 
The new report was in mm also 
criticized. Many scientists 
believe that not enough is known 

about the diet-disease connection 
to warrant specifie guidelines for 

the population as a whole, and 
furthermore the suggestion was 
made that if the guidelines were 
improperly applied they could 
lead to nutritional deficiencies. In 
Iight of the ongoing controversy 

it is appropriate to examine the 
studies and the kind of data that 

have lead to the debated 
recommendations. An 

examination of this controversy 
also serves to underIine the need 
for a basic scientific 
understanding of chemical and 
nutritional concepts. Familiarity 

with terms hke "mineralsl
", 

3 

Definitions 

Minerais: inorganic substances found in nature. 

Vitamins: a group of organic substances necessary 
for growth and regulatlon of the body. 

Fat: organic compounds composed of carbon, 
hydrogen, and oxygen. 

Fiber: a complex of substances of plant origin that 
are not absorbed nor digested by humans. 

Carotene: a red or yellow pigment converted by the 
body into vitamin A. 

Environmental: substances produced outside our 
body. For example, neither sunlight nor cigarette 
smoke is produced in our body. 

Man made: substances produced outside our body t 
that are not found "naturally" in nature. For 
example, cigarette smoke and toxic waste is man
made. 

"vitanlÎns", "fat", "liber", "carotene" etc. is essenttal for an objectIve and cnllcal 

discussion of the relationship between diet and cancer. Famiharity wlth the concepts 
"environmental" and "man made" is also essential for an objective and cntlcal discussIOn of 

the relationship between diet and cancer. Let us start by explammg these two latter concepts. 

Environmental vs. Man Made Factors 

Many cancer experts now estimate that as much as 90% of North Amencan cancers are 
environmentally determined and that a large fraction of these should therefore be avoidable. 

"Environmental" must not be confused with "man made"; in the present context the word is 

IWords in bold are defined in the boxes. 
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used to differentiate from 
"genetic" factors. Cigarette 
smokeing and toxic wastes are 
environmental and obviously 
"man made", but exposure to 
sunlight and the consumption of 
naturally occurring carcinogens 
can also be termed 
"environ mental " . 

There appears to be Uttle doubt 
that many cancers are 
environmentally rel.aed. 
Epidemiological studies have 

4 
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-brovlled 
food s 

clearly shown large differences in cancer rates between countries. For example, breast and 
cololl cancer rates in many areas of the world are less than one fifth that in North America. 
The Japanese in tum have the highest incidence of stomach cancer in the world. Immigrants 
from other countries to the U. S. and Canada however experience the local cancer rates, 
suggesting an environmental influence. 

Japanese Research 

Perhaps the best demonstralion of this environ mental effeet co mes from a study made public 
in 1984 by the National Cancer Research Institute of Japan. An epidemiological study, 
spanning 16 years and involving over 100, 000 men, clearly showed lhat the incidence of 
cancer was greatest arnong those who smoked, drank alcohol, ale meat regularly and did not 
consume vegetables daily: Indeed the absence of vegetables from the diet appeared to 
increase the risk of a wide variety of cancers. The results of the survey are summarized on 
the next page: 
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Table 1 
Relative Mortality Rates 

If you ... 

Smoke Drink Eat Eat Then your relative! 
Alcohol Meat Vegetables mortality rate is. . . 

No No No Yes 1.0 

No Yes Yes No 1. 1 

Yes Yes Yes Yes 1.7 

Yes Ycs No No 1. 8 

Yes No Yes No 1. 8 

Yes Yes Yes No 2.5 

Notes: 

1. Your relative mOMali"y rate increases if you smoke, drink, and eat meat. 

2. Not ail combinations ~f smoking, drinking, eating meat, and eating vegetables are present. 

What are sorne other combinations that may exist? Where would the relative mortality rate of 
these other combinations fall? 
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From this chart, we can conc1ude that: 

the proteetive effeets ,"'f vegetable 
consumption are dramatically 
iIIustrated, 

6 

Definition 

Mortality rates: the deatb rate per 
100,000 people 

even in the high risk group (smokers, drinkers and meat eaters) the risk of cancer 
can be reduced by one third if vegetabJes are reguJarly eaten. 

This proteetlve effeet may be manifested through the fiber, Vitamin C or carotene 

components of the vegetabJes as discussed below. 

Research Closer to Home 

Bruce Ames, of the University of Califomia (Berkeley), has concluded after a survey of the 
scientific Iiterature that mosl of the carcinogens that non-smokers encounter in their daily life 
come from natural foods and cooking methods. For example ceJery and parsJey contain a 

carcinogen which beeomes activated by light; mushrooms, beans and even alfalfa sprouts 

contain compounds which may increase the risk of cancer. Cooking, especially when food is 

browned or burned adds carcinogens to the Giet. On the other hand, suggesls Ames, food 
also appears to contain natural anti-carcinogens like Vitamins C and E, selenium and 
carotene which may decrease the risk of the dreaded disease. The facl that cancer rates, aside 

from those related to smoking, have remained almost constant over the years appears to 
imply that the "natural" components of the environ ment may be more important than the 
"man made" factors in inducing cancer. 

ln a controversial article !n the journal Science, 221, 1256 (1983), Ames summarized the 

many natural foods which contained various carcinogens. In this same article, he alSCI 
indicated that there were many foods which were also anti-carcinogens. The main idea here 

was that a minimum of the questionable foods, coupled with a re.asonable amount of the 

"good" ones, would provide as good a balance of risk/benefit as could be achieved in this 
very complex area. However, Ames was criticized by a group of 18 academics, union 

officiais and environmentalists in a 1984 letter to Science for "trivializing" cancer risks. 

• Ames recently published a summary of relative risk factors for cancer by a careful 
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examination of the literature. l he resulting index called HERP (Hurnan Exposure 
dose/Rodent Potency dose). This index considers two questions: How rnuch of the rnaterial 

causes considerable rates of cancer in lab animais, and how much of it might an average 
persan be exposed to over a lifetime? ln other words, the index is calculated in two steps. 

First, the quantity of cancerous rnaterial required to cause cancer in lab animais is estimated. 

Then, the amount of human lifetime exposure to this mate rial is estimate..d. There fore , the 

rankings do not predict a person's actual chances of developing cancer, but show 
comparisons. If the relative ranking of tap water is 1. 0, then peanut butter (2 

tablespocns/day) is 30 (aflatoxin risk) as is comfrey tca (1 cup/day) (symphytine, a natural 

pesticide is present). One pack Iday of cigarettes is rated at 12, 000 while the risk of cancer 
from PCBs (once used in electrical transformers) is O. 2. Needless to say, such a detailed list 

has created concern and discussion and will stimulate research in the future. 

Since the second World War sorne 50, 000 synthetic chemicals have been introduced into the 
environ ment with about 500 new on es coming into use every year. Many of these are 

mutagenic or carcinogenic in lab tests yet the cancer epid~mic that rnany scientists have 

predicted has not rnaterialized. Accordingly there is widespread, though certatnly not 

universal, belief that most cancers are caused by nalural carci'1ogens produced by plants as 

natural pesticides to ward off insects. Ironically the current practice of breeding insect 
resistant plants in order to rninirnize the use of synthetic pesticides rnay actually be 

introducing new carcinogens into the diet. 

It is also a fact of course that not everyone gets cancer even though everyone consumes 
natural carcinogens. In other words, these chemicals do get into our foods, but this does not 

necessarily preseJ't a cancer risk. The explanation for this apparent inconslstency may lie in 

the possibility that whereas chernica1s i~olated from food can cause cancer, the whole food 

does not. Mutagens and "anti- carcinogens" are often present in the same food. For ex ample 

the potentially harmful effects of the psoralens in parsley and celery may be counteracted by 

the carotene and vitamin components of these foods. It appears then that attention to a 

scientifically balanced diet may be more important in warding off cancer than worrying about 

the trace amounts of synthetic carcinogens in the environ ment. 

If we can draw one conclusion from this information, it is the fact that a minimum amount of 

questionable foods coupled with a reasonable amount of "good" foods provides as good a 

balance of risk/benefit as can be achieved. In other words. we do not have to restrain from 
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some of our favourite foods, no matter how cancerous they may be. Moderation, and a 
nutritional diet, may be enough to reduce the risks of cancer. 

The folJowing sections summarize the current state of knowledge in the important area of 
specifie consumer diet items and cancer. The specifie diet items discussed will be fat, curOO 
foods, selenium, vitamins and fiber. The first two diet items discussed, that is fat and curOO 
foods, present a cancer risk. The remainder of the food items are "anti-cancerous". 

The Dietary Fat-Cancer Relationship 

The above mentionOO recommendation to 
reduce the fat content of the diet stems 
mostly from correlations notOO by 
epidemiologists. A strong correlation exists 
between per capita fat intake and breast 
cancer mortality in women as weil as 
betwecn fat intake and mortality from colon 
cancer. 

Breast Cancer 

Definitions 

Positive correlation: as one factor 
increases, so do the others 

Negative correlation: as one factor 
increases, the others decrease 

Il must be pointed out however that such associations do not imply cause. For example a 
similar correlation exists between gross national product and breast cancer. Although the "per 
capital! correlation of dietary fats with cancer is strong, there appears to be no conclusive 
correlation of individual fat consumption and cancer. There may be other variables in the 
relationship as weIl. 

Colon Cancer 

Colon cancer has also been associated with high fat, high cholesterol diets. Once again 
though, epidemiological studies in individuals have yieldOO inconsistent results. Animal 
feeding studies in tum have shown that dietary fat promotes colon cancer. Furthermore, 
populations with high rates of colon cancer have increased levels of bile acids in the feces; 
these have been associatOO with cancer and are known to be formed in larger amOUhlS in high 
fat, high cholesterol diets. In summary, the evidence may appear to be somewhat 
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circumstantial, but the recommendation to reduce fat content by 25 % does not represent a 
risk as long as a baIanced diet is maintained. 

Free Radicals: Cancer Causin~ Reactive Species 

Hormones like estrogen have been linked 
with cancer. However, the human feeding 
studies which would be needed to clarify 
the situation can never be ethically done, 
but studies in animaIs do suggest that higher 
levels of fat intake cause mammary tumors. 

Definition 

Free radicals: highly reactive, 
electronically charged, organic molecules 

Theoretically the argument can be put forward that fats cause cancer by undergoing oXldation 
in cells leading to the production of cancer causing reactive species called frel' radicals. 

These free radicals th en damage sorne cells, which subsequently leads to their improper 
rc;;plication. Unsaturated fats may pose a greater risk since they are more easily oxidized. 
AIso, sorne studies have indeed shown an association between cancer and "trans" fany acids 
which are produced when vegetable oils are converted into margarine. However, adequate 

Vitam in E, beta carotene and selenium consumption may prevent the oxidation of fats. 

ln summary, fatty foods Can cause breast cancer and colon cancer. This is because fats cause 
ceUs to oxidize, leading to the production of cancer causing reactive species called free 
radicals. 

The Cured Foods-Diet Association 

Population studies have shown that cancers of the stomach and esophagus are more common 
in countries such as China, lapan and Iceland, where the diet is high in foods that are salt 
cured and smoked. There is no doubt that smoke contains cancer causlOg compounds and salt 
has been reported to promote gastric cancer in rats. 

Cured Foods 

Sodium nitrite, a pickling agent and preservative used in cold cuts, hot dogs, ham, etc. has 
been linked with the potential formation of nitrosamines, known carcinogens, in the body . 
Based upon these observations, limiting the intake of such cured or smoked foods would 
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appear to be wise. Yet, ever.1 this 
recommendation has been chaJlenged. ft has 

been pointed out that the death rate from 
stomach cancer has been declining in North 

America while the consumption of 

processed meats has been rising. 

10 

Definition 

Nitrosamines: compounds containing -
NO and -NH2 

Furthermore, nitrite addition is so strictly regulated now that only minimal amounts are used; 
in fact the amount of nitrite now added can ('nly prevent growth of the Clostridium 

Botulinum organism if it is used in conjunction with Sé'Jt. 

Smoked FoodS 

Il is also true that most of the "smoked" foods presently marketed are smoked with liquid 
smoke. This is made by passing smoke through water; since the carcinogenic compounds do 

not dissolve in water foods "smoked" by this process are safer than "naturally" smoked 
foods. Although credence can be given to these criticisms, it must also be pointed out that 

foods high in smoke tlavor and nitrites are generaJly high in fat and thus in calories-perhaps 

enough of a reason to minimize consumption. 

In summary 1 eating cured and smoked foods may represent a risk in developing stomach 
cancer. However, research findings have -;hown inconsistencies between these relations. 

The Cancer - Vitamin C and E Connection 

The evidence for this association is essentially anecdotal aJthough both of these vitamins are 

antioxidants and therefore could behave as anti-carcinogens. Vitamin E may reduce mutations 

in sorne bacteria! systems and Vitam in C may block the conversion of nitrites to 

nitrosamines. For the latt~r reason Vitamin C is added to hot dogs. Similarly since both 

tomatoes and lettuce contain Vitam in C they can conceivably do more than just dress up the 

appearance and flavor of a bacon sandwich. Indeed a BLT may be the best way to consume 

bacon. There is however no evidence that either Vitamin Eor C can prevent cancer. 

Dr. Keith Ingold at the National Research Council in Ottawa has in fact shown that Vitamin 

E is the major "free-radical trapping" anti-oxidant in human blood. Beta carotene can also act 

as an antioxidant, especially at low oxygen concentrations such as are found in cells. It is 
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noteworthy that this important research started out as an investigation into why engine olls 
break down upon exposure to oxygen in the car's engine; a "lice demonstration of how 
important results can come from seemingly "unimportant" research. Similarly, the 
antioxidants BHT and BHA, which had originally been developed to prevent fats in cerea)s 
from going rancid (and incidentally have been much mttligned), may tum out to have an 
important role in not only the prevention of cancer but in actuaJly slowing down the aging 
process. 

In summary, the evidence for this connection is aneedotal. There is no evidence that either 
Vitamin Eor C can prevent cancer, but both act to reduce the risks of cancer. 

The Cancer-Vitamin A ConnectioD 

Vitamin A does play an essentiaJ role in the chemistry of vision. Furthermore, the vitamin 
and beta-carotene, which are both found in carrots, may a1so proteet the body against cancer. 
The rationale for this belief lies in the fact that vitamin A plays an important role in the 

control of cell differentiation, and in that vitam in A and especiaJly beta-carotene are efficient 
scavengers of chemical species caJled free radicals. Since loss of cell differentiation IS a basic 
feature of cancerous cells, and since free radicals are unstable, highly reactive chemicaJs 
which can cause ceU differentiation, therf; is good reason to suspect that these two nutrients 

may have a proteetive effeet against cancer. 

Vitamin A itself can be obtained from animal products such as liver, eggs and rncat or Jt can 
by synthesized by the body from beta carotene. Many green vegetables produce this bright 

orange compound but the richest sources are pumpkins, spinach and, of Cllurse, carrots. 

In 1975, a major epidemi.ological study showed that Norwegian men consuming more than 
the average amount of vitamin A had less than half the rate of lung cancer as compared with 

men having below average consumption of the vitamin. Similar findings were also reported 

in the following 5 years from scientists in lapan, Singapore and the United States. 

A further study (Nov. 1981), published in the British medical journal Lancet, supported the 

hypothesis that the pro-vitamin A (beta carotene) and not the vitam in itself was the beneficial 

factor. The study showed that there was an inverse relationship between intake of dietary 
beta-carotene and lung cancer in 1, 954 middle aged male smokers over a period of 19 years. 
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Intake of preformed vitamin A did not show a significant effect. 

A major report on this issue, published in the New England Journal of Medicine, March 
1984 (by the Harvard School of Public Hea1th) explained that although the protective effect 
against lung cancer of beta-carotene is strongly supported by many studies, there are 
indications that these effects may not apply to other types of cancer. 

(n conclusion, it should be noted that the main cause of Jung cancer, smoking, also increases 
one's risk of several other serious diseases, including atherosclerosis -- a primary cause of 
death in North America. However, there is no evidence that either vitam in A or beta 

carotene affects this condition in any way. 

The Selenium-Cancer Association 

Selenium is a mineral required by the body in "trace" amounts. Il plays a role in the activity 
of the enzyme glutathione peroxidase, an enzyme which protects cells from damage by 
oxidation. Consistent with this activity is the observation that mammary cancer in rats fed a 
high polyunsaturate4 fat ciet can be inhibited by selenium. Selenium is found in the soil and 

is absorbed by crops. High soil selenium areas correlate inversely with cancer but these areas 
are a130 less populated and differ from low soil selenium areas in several respects. Indeed 
lung cancer rates are lower in countries where tobacco contains more selenium. Mexican and 

Colombian tobaccos have three times as much selenium as American and British tobaccos. 
Sorne correlations between blood selenium levels and cancer have also been noted and 
preliminary research has shown that the selenium content of hair and nails may reflect blood 
levels. High intake of s~lenium can be toxic and the presently available information does not 
warrant the rl!Commendation of supplements. 

ln surnmary, small amounts of selenium may reduce the risk of cancer. However, high intake 
of selenium can he toxie. 

The Cancer-Fiber Connection 

Fiber does fight cancer. Il ail started with Dr. Dennis Burkiu's 20 year observation of diets 
and incidence of colorectal cancer in rural Africa. The British surgeon noted that although 

cancer of the lowest five to six feet of the intestine is very prevalent in the western world, it 
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is almost nonexistent among people in Africa consuming a high fiber diet. In Canada, about 
100, 000 people get colon cancer every year, half of whom die within the same year. The 
same high frequency of this malignancy has becn found in the U.S., Scotland, Denmark and 
especially New Zealand, countries which consume the highest amounts of mcat and anImal 
fat around the world. 

This leads scientist to bclieve that carcinogens are not swallowed with our food but are 
produced in the colon from material in the feces. Il has been suggested that bile acids 
(biomolecules naturally released into the gut in response to the presence of fat 10 the diet) are 
chemicaIly altered by bacteria to produce carcinogens. 

High colon cancer areas have been found to be much more abundant in colorectal cancer 
patients than in control groups. In a recent study, conducted by Dr. Tracy Wilkins, a 
microbiologist at tl1e Virginia Polytechnic Institute in Blacksburg, a chemical mutagen, 
named faeeapentaene, was isolated from the feces of about 20 per cent of the white residents 
of Johannesb·lrg. The same compound was detected in less than 2 percent of the ruraI 
population. The diet of the urban community is very similar to ours (high in refined 
carbohydrates and fat), whereas that of the rural population is low in meat and fat and high 
in fruits and vegetables. Although most carcinogens are mutagens not all mutagens are 
carcinogens, and therefore the presence of faecapentaene does not necessarily mean that it is 
the cause of cancer. Dr. David Kingston, a chemist al the Virgania Polytechnic Institute, has 
synthesized this compound and its cancer-causing potential will now be investigated in 
laboratory animaIs. 

These findings certainly support the theory that fiber, which increases the rate of feces 
elimination, should lower one's chances of developing cancer of the colon. However, there 
are sorne inconsistencies in the findings related to the effects of fiber. For instance, 10 a 
Canadian study published in 1980 higher consumption of dietary fiber was shown not to have 
any significant effect on cancer whereas in Puerto Rico high consumption was associated 
with higher incidence of colon cancer. Such discrepancles may be related to the extremely 

heterogeneous nature of dietary fiber. 

In summary, dietary fiber is a mixture of indigestible chemicals: cellulose, hemicellulose, 
lignin and pectin. Preliminary studies have shown that wheat bran and fiber from citrus fruits 
proteet laboratory animaIs against chemicaIly-induced colon cancer. Since citrus fruits are 
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also an excellent source of vitamin C (a scavenger of carcinogenic free radicals), an orange a 
day, or even the traditional apple a day, may not bè such a bad idea. 

Conclusion 

As is evident in the article, chemists, nutritional experts and food faddists cannot agree on 
how strong the relationship between our diets and cancer is. However, sorne overall 
generalizations can be made from the information presented in this article: 

It is very difficult to design and carry out studies which lead to conclusive results in the area 

of nutrition. 

Recommendations include a) a reduction of fat intake from about 40% to 30% of total 
calories, b) a reduction in the consumption of cured, pickled and smoked foods, c) an 
increase in the consumption of whole grain cereaJ products, d) an increase in the 
consumption of vegetables belonging to the cabbage family. 

Vitamin supplementation is not advised. 

Many cancers are environmentally related and "natural" components of the environ ment may 
be more important than the "man made" factors in inducing cancer. Sorne natural foods, such 
as celery, parsley, beans, rnushroorns, etc. , contain various carcinogens whereas there are 
rnany foods. such as carrots, which are anti-carcinogens. 

A strong correlation exists between per capita fat intake and breast cancer mortality in 
women as well as between fat intake and mortality from colon cancer. 

Srnoke-foods and cured-foods con tain cancer causing cornpounds and salt has been reported 
to promote gastric cancer. 

Food with selenium correlates inversely with cancer. 

80th Vitarnin C and Vitamin E are antioxidants and therefore could behave as 
anti -carcinogens . 



• 
Effectiveness, Cost and Efficiency of Formative Evaluation 135 

15 

Vitamin A, and its precursor compound beta-carotene, may also protect the body against 
cancer. 

Fiber fights cancer. 

The main idea is that a minimum amount of the questionable foods coupled with a reasonable 
amount of the "good" ones provides as good a balance of risk/benefit as could be achicved in 
this very complex area. 

GUIDELINES FOR AN ANTICANCER MENU 

decrease consumption of fats, nitrite-cured meats, smoked or charcoal-broiled meats 
and large amounts of a1cohol 

increase consumptlOn of foods rich in dietary fiber, beta carotene, vitamins A, E 
and C and the mineral selenium (megadoses of dietary supplements are presently 
not recommended). 

consume often cruciferous vegetables such as cabbage, broccoli, brussel sprouts 
and cauliflower. 

RECENT REVIEW 

A recent summary which gives a balanced report is from Scientlfic American, November, 
1987, p. 42. 
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Instructions 

Please read carefully. 

This study is the last in a series of research projects concerned 

with how to improve instructional materials. We have gathered 

feedback from students and experts about an article titled "The 

Diet Cancer Relationship". Then, revisers have used this 

information to revise the materials. 

since you have been randomly assigned to the control group, your 

task is to provide us with information about your knowledge of 

the diet cancer relationship without having read the article. In 

order to do so, please: 

1. Read and sign the consent if you agree to participate in this 

study. 

2. Answer aIl questions on the "INFO SHEET" to the bcst of your 

ability. 

3. Answer aIl the items on the objective test. 

4. Hand in the Materials Package and collect your $10.00. Donlt 

forget to sign the receipt . 
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Instructions 

Pieuse read carefully. 

This study is the last in a series ef research projects concerned 
with how te irnprove instructional materials. We have gathered 
feedback from students and experts about an article titled "The 
Diet Cancer Relationship". Then, revisers have used this 
information to revise the materials. . 

In order to evaluate the effectiveness of this entire process, we 
need you te do the following: 

1. Read and sign the consent if you agree to participate in this 
study. 

2. Answer aIl the questions on the .. INFO SHEET" to the best of 
your ability. 

3. Read the article at a comfortable pace. 

4. Answer aIl the items on the objective test. 

5. Complete the questionnaire 

6. Hand in the Materials Package and collect your $10.00. Don't 
forget to sign the receipt . 
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Part A: Consent 

Please read and sign Part "A" now. 

1 understand that 1 am participating in a prograru of research 
conducted by Tino Bordonaro under the supervision of Dr. L. 
McAlpine and Dr. G. B. Isherwood. 

1 understand that the purpose of the study is to provide data te 
help evaluate the teaching module "The Diet Cancer Relatienship", 
and that my performance or ability i9 not beinq judqed. 

1 understand that my participation in this study is voluntary; 
there is no coercion based on my enrolment in any course, and the 
only inducement to my participation is $10.00 upon completion of 
the evaluation. 

1 understand that my identity will not be given on the materials 
1 hand in, and that my score on the test will be aggregated with 
the scores of ether participants. 

1 understand that the data gathered may be published. 

1 understand that 1 may withdraw from this study any time without 
negative consequences. 

Signature 

Date 

Part B: Receipt 

Please sign Part "8" when yOD have received payment. 

1 acknowledge receipt of $10.00 for participating in the 
evaluation of the teaching module "The Diet Cancer Relatienship". 

Signature 

Date 

This sheet will be torn otT and put in a separate pile when you hand in the 
package. 
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Instruction~i. 

Please answer each question to 
the-best of your ability. If 
you do not understand a 
question, please ask. 

Do you have a D.E.C.7 (CEGEP diploma): 

Ho: Yes: 

If yes. vhat program? (e.g., Social 
Scienc~s, creative Arts, etc.): 

Current studies: 

Degree: (e.g., B.A.) 

Major: 

INFO SHEET 

Sex: Aqe: 

Kother 'longue: 

Language of previous schooling: 

Language of CEGEP (if you attended) -

Languaqe of Higb Scbool -

Did you take Chemistry vhile in Hiqh 
School? 

No: Yes: 

Xf yes, list courses -

Year: (lst, 2nd, etc. ) ________ _ 

Academie Performance: 

Do you generally get -

A's 

C's 

Grade Point 
Averaqe (if known): 

B's 

OlS and lover 

Did you take Chemistry in CEGEP? 

No: Yes: 

If yes, list courses -
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Effectiveness measures: 
Retention test and confidence-weighing scales 
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BXAKPLB OUESTXONS 

INSTRUCTIONS 

Please read each question carefully and 
circle the best answer. After you answer 
each question, please rate how confident 
you feel about your answer on the scale 
provided. 

TRUE FALSE QUESTIONS 

S.oke contains cancer causinq compoun4s 

MULTIPLE-CHOICE QUESTIONS 

The C.N. tover is in: 
a) Montréal 
b) Calgary 
c) Toronto 
d) Vancouver 

• 

CONFIDENCE RATING 

.- ... • ... • j .. 
1 ... t ... 

~ '" ~ ~ 
1 ••••• 2 ••••• 3 ••••• 4 

1 ••••• 2 ••••• 3 ••••• 4 

m 
~ 
n -< 
fl) 

::l 
~ 
CI> 

.CI> 

() 
o 
CI> -
~ 
::l 
0-

m 
'""'> =: n 
(b 

::1 
n 
'< 
o ...., 
"Tl o .., 
3 
:.: -<" 
(b 

m 
-< :.: 
t:: 
r_ --
C 
::1 

-+-
~ 

F 



• 
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2. T 

3. T 

4. T 

INSTRUCTIONS 

P1ease read each question carefu11y and 
circle the best answer. After you answer 
each question, please rate how confident 
you feel about your answer on the scale 
provided. 

TRUE FALSE QUESTIONS 

F lIev lIational Resaarch Council quidelinas raco_and a 
reduction in fat intaka from about 40% ta 30% of total 

-

CONFIDENCE BATING 
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calories. 1 ..... 2 ..•.. 3 ..... 4 

F The Japanese have the lowest rate of stomach cancer in 
the vor1d. 1 ••••• 2 •••.. 3 .•... 4 

F Many cancers are caused by environmenta1 factors. 1 .••.. 2 ••••• 3 ••••• 4 

F An absence of veg_tables from the diet appears to 
increase the risk of contractinq a vide variety of 
cancers. 1 •.... 2 ....• 3 ..•.. 4 
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5. T 

6. T 

7. T 

8. T 

9. T 

10. T 

11. T 

12. T 

13. T 
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... t ' .. ... .i ~ 
F consuaption of naturally occurrinq carcinoqens is an 

environaental factor vbicb .ay cause cancer. 1 ..... 2 ....• 3 .•••. 4 

F consuaption of burnt food does not add carcinoqens to the 
el1 et • 1 ..... 2 ..••• 3 .••.. 4 

F The risk of cancer can be reduced by one third if 
vegetables are eaten regularly. 1 ....• 2 ..•.• 3 ..... 4 

F Anti-carcinoqens and mutaqens rarely occur in the same 
fooel. 1 ••••• 2 ••••• 3 ••••• 4 

F Individual fat consUllption is bigbly correlated vith 
cancer. 1 ••••• 2 •••.. 3 .•... 4 

F Vitoin E is the major "free-radical trapping" anti-
ozidant in human blood. 1 ..... 2 ..... 3 .•... 4 

F Ho association exists betveen colon cancer and a diet 
hiqh in cholesterol. 1 ••••. 2 ..... 3 •..•• 4 

F Evidence indicates tbat vitamin C and Vit .. in E prevent 
cancer. 1 ..•.. 2 ..... 3 ..... 4 

F A 1975 study of Vitamin A consumption aaonq Horveqian men 
showed the followinq: Increasinq Vitamin A consumption 
decreased the rate of lung cancer by aore than =J%. 1 •...• 2 •.... 3 •.... 4 
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• 
MULTIPLE-CHOICE QUESTIONS 

14. Contro11ed experiaenta repeated .any ti.es: 
a) Prove theories 
b) Are the hallmark of the scientific method 
c) Are as va1id as the intuition of famous scientists 
d) Must be conducted in 1aboratory settings. 

15. Experi.enta in nutrition are difficult to carry out becauae: 

16. 

a) It is too difficu1t to find human subjects. 
b) It is difficu1t to provide "proof" based on resu1ts 
c) Governments will not fund the research. 
d) They require too much time and effort to be worthwhi1e. 

Conswaption 
reco_ended 
C)uidelinea? 
a) Cabbage 
b) Legume 
c) Tuber 
d) Herb 

of vhieh fami1y of vegetab1es is highly 
in the National Research Couneil's nutritional 

17. Whieh of the fo11oving vas not reeommended by the National 
Res.arch Council? 
a) A reduction of fat intake 
b) A reduction of the consumption of cured, pick1ed and 

smoked foods 
c) Vitamin supp1ementation 
d) An increased consumption of who1e grain cerea1s, fruits 

and vegetables 
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• 
18. Nutritional guidelines for the population as a whole: 

a) Neglect regional differences in the food availability 
making their application impossible. 

b) May be improperly applied leading). scientist ta 
object to their recommendation. 

c) Do not consider foods from differing cultural origins. 
d) Ignore individual differences in height, weight and bone 

size. 

19. Which of the follovinq combinations of factors vould result 
in the highest risk of cancer? 
a) Smoking, drinking and not eating vegetables 
b) Smoking and eating meat 
c) Smoking, drinking, eating meat and eating vegetables 
d) Smoking, drinking and eating meat 

20. Carotene, vitaain C and Selenium are: 
a) Are aIl found in a glass of orange-juice 
b) Increase the speed of feces elimination 
c) All examples of anti-carcinagens 
d) Are found in ONA 

21. Professor Br.uce bes of the university of California at 
Berkeley has devised a scale of relative risk (the B.E.R.P.) 
index. xt is associated vith: 
a) The risk of contracting various forms of the Herpes 

Simplex virus. 
b) The likelihood of encountering naturally occurring 

cancer-causing agents found in the environment on a given 
day. 

c) Getting a variety of diseases and stands for High 
Environmental Risk Position. 

d) Various substances in food and other parts of the 
environment in terms of the likelihood of getting cancer. 
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• 
22. aesearch indicates that the 50 000 che.icala introduced into 

the environaent since the second World Var have not cau.ed a 
cancer epi4e.ic. This lea4s scientists to believe: 
a) Improvements in the world diet has prevented the 

occurrence of many types of cancer. 
b) Cancer is caused by naturally occurring carcinogens. 
c) Concern about toxic waste dumps is unfounded. 
d) Human resistance to carcinogenic substances is improving. 

23. Breast cancer an4 colon cancer have been shown to be highly 
correlated vith: 
a) A high sodium diet. 
b) An inadequate intake of Vitamin E. 
c) Per capita fat intake. 
d) Consumption of cured foods. 

24. Oxi4ation of fats in the cells: 
a) 1s caused by excessive Vitamin C consumption 
b) 1s caused by improper cell replication 
c) 1s unrelated to dietary fat intake 
d) Produces free radicals 

25. Which state.ent is correct reqar4inq unsaturate4 fats? 
a) Consumption of unsaturated fat increases the likelihood 

of breast cancer in women. 
b) Unsaturated fats may pose an increased risk of cancer as 

they are easily oxidized. 
c) Unsaturated fats are environmental anti-carcinogens. 
d) Consumption of unsaturated fats is the cause many forms 

of cancer. 
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• 
26. Which of the folloving substance. vill not prevent the 

production of fraa radicals? 
a) Vitamin A 
b) Beta carotene 
c) Vitamin E 
d) Selenium 

27. Cancer of th. stomach and esophoqas are associated vith: 
a) A high cholesterol diet. 
b) A high fat diet. 
c) Consumption of cured and smoked foods. 
d) Consumption of red meat. 

28. Seleniu. is a .ineral required in trace amounts. What is its 
function? 
a) It prevents cancer of the esophogas. 
b) It is required in the digestive process. 
c) It assists in metabolizing beta carotene. 
d) It protects cells trom damage by oxidation. 

29. Wbicb of the follovinq is true about vitamin A: 
a) 

h) 

c) 
d) 

30. Tbe 
ADeS 
a) 
h) 
c) 
d) 

The precursor to Vitamin A, beta-carotene, is thought to 
be the important factor in reducing some forms of cancer. 
Intake of Vitamin A supplements was highly recommended 
by the National Research council to prevent many forms 
of cancer. 
Vitamin A is not ingested by the human body. 
Vitamin A is not toxic, even at high doses. 

probability of contractinq cancer of the small intestine 
C010D •• y be reeSuced by: 

An increase in vitamin C consumption 
Eliminating BHT from the diet. 
Increasing consumption of dietary fiber. 
Increasing consumption of dairy products. 
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• 

Appendix 1: 

McGill University Faculty of Education ethical approval 

• 



• 

• 
----

., 

CER1'D'ICATE OP ETBlCAL ACCEPTABILITY POR RESEARCR 
INVOLVING BUMAN SOl3JECTS 

A r~view committee consis~inq of: 

a. Helen Perreault 

b. Wi 11 i am Ryan 

c. Jeff Derevens ky 

has examined the aoolicat:ion for cer~ification of the ethical 
acceptability of a-projec~ titled: 

151 

The influence of different strategies of formative evaluation on improvlng 

the effectiveness of instructional materials. 

as proposed 
by: 

(Appl.lca~~) 

-.... -- . 

Cynth i a \oies ton 

SSIiRC 

loS a 5 - .~"'--- -- _ .. 

T~e review commit~ee cons~aers t~e researcn procedures, as ex?lai~ed 
by the applicant in this application, to be ac=eptable on et~1.cal 
grounds • 

b) 

c) p, \Ch 1.,<., 1 J4A1 c.. 

Date ___ ~~ __ ·_t_~~_1~9~1~9~ __ _ 
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Appendix J: 

Letter accompanying cost questionnaire 

• 
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~ G "'.,.'-' Mc ill Effectiveness. Cost and Efficiency of Formative Evaluation 

Centre 'or UniverSity Teaeh,ng and :"earrlf'IJ 
'-lc.G,II l, r1l'"erSlty 
3700 '.-1eT aVlsh Street 
',lcnt'ea l QlJebec H3A l Y2 

Jane Doe 
1234 Street 
City. Town 
Province, AI B 2C3 

Ct?rt'~ " er:;p.gre,f"Ien: ;",0'"'' J' 

:... -1\erSlte Mc'::;," 
3700 ·.e r-,1C-J\ISh 

',1c"':rec1 1 '~ut?oec ..... J:.. ~ .. ~ 

RE.: Costs of Different Formative Evaluation Combinations. 

Dear Jane Doe, 

: • .! _ ~'" r.:h~., 

Feb. 23. 1993 

153 

We are requesting participation in a cost-analysis study. A bit of background 
on our research: This study is the final part of an ongoing team research project 
concerned with the improvement of instructional materials through formative 
evaluation. This piece of research involves looking at the costs of collecting fccdback 
and revising instructional articles. More specifically, we are concerned with 
comparing the costs across four different formative evaluation combinations (more 
information on these four combinations is piOvided). 

The main reasons we are asking for your participo.~ion are: a) you are an 
experienced instructional designer, b) you have previously heen involved providing us 
with formative evaluation information. and c) you have already worked with the 
instructional articles we are using. 

The instructional article on which we are collecting cost data, titled The Diet 
Cancer Relationship. IS a module from an introductory chemistry course for non
chemistry students from both Arts and Sciences. We have appended the article in itli 
original (draft) condition. We ask that you please return the article along with your 
co st estimates. 

Enclosed, you will find the four different formatlve evaluation combinati()n~ 
and a short description._ Please estimate how much you would charge for collecting 
data and revising each of these combinations. This should only take a few minutes. 
AJso, your identity will not be disclosed and your cost estimates will be aggregated 
with the estimates of other instructional designers. If you require any further 
assistance, do not hesitate to contact us. 

Sincerely, 

Tino Bordonaro 
323-9461 

Dr. L. McAlpine 
398-6648 
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Appendix K: 

Cast questionnaire 

• 



• 

• 

Effectiveness. Cost and Efficiency of Formative Evaluation 155 

Costs of Four Different Formative Evaluation Combinations 

Please estlmate how much you would charge for collectlng data and revlslng 
each 01 these comblnatlons. 

Comblnation 1: Revision using learner Data 

1. Collect: a) learner feedback comments trom 5 learners, 
b) learner pretest and post-test scores from 10 learners. 

Learners must be undergraduate level students. 

2. Use these data ta revise the article. 

Cost Estimate: Approximately how much would you charge to collect this data and 
revise the instructiona' article? 

$---------
Additional Comments: If any, please use space below. 

Combination 2: Revision using Expert Data 

1. Collect: a) expert review comments tram 2 experts 

One expert must be a subject matter expert (SME). 

2. Use these data ta revise the article. 

Cost Estlmate: Approximately how much would you charge to collect this data and 
revise the instruction al article? 

$-------------
Additional Comments: If any, please use space below . 
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• Comblnatlon 3: Revision using Both Learner and Expert Data 

• 

1. Collect: a) learner feedback comments from 5 learners, 
b) learner pretest and post-test scores trom 10learners. 
c) expert review comments from 2 experts 

learners must be undergraduate level students. 
One expert must be a subject matter expert (SME). 

2. Use these data ta revise the article. 

Cost Estlmate: Approximately how much would you charge ta collect this data and 
revise the instructional article? 

$---------

Adtlltional Comments: If any, please use space below. 

Combinatlon 4: Revision using no data. 

1. You are not requlred ta consult with learners nor experts. In other wordS, the 
article is revised using only your expertise. 

2. Revise article. 

Cost Estlmate: Approximately how much would you charge to revise the instructional 
article? 

$---------

Addltlonal Comments: If any, please use space below . 
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• On average, how often do you provide cost estimates for clients? 

• 

a) Every day 
b) A few times per week 
c) At least once per week 
d) At least once per month 
e) A few times per year 
f) Less often than the above choices 
g) never 

Thank you for participating in the study 
"Costs of Different Formative Evaluation Combinations" . 




