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ABSTRACT 
 
 

Youmans, Robert 
 
 

THE RESTORATION OF DILUTED JUDGMENT 
 
 

Thesis under the direction of 
Eric R. Stone, Ph.D. 

Associate Professor of Psychology. 
 
 

 The goal of the present research is to gain an understanding of the effect of 

cognitive feedback on dilution situations.  Dilution situations occur when people are 

asked to consider a mix of irrelevant and relevant information when making a judgment.  

Specifically, the present study tested the theory that cognitive feedback will reduce the 

dilution effect. 

 Participants were presented with a judgment task where they were asked to make 

predictions of people’s income based on their level of education.  In half of these 

judgment situations, participants were also exposed to information about how often the 

person they were making the judgment about did something social with a family member 

and how they felt about easy listening music, non-diagnostic information that created the 

dilution effect in this study. Once a dilution effect was created, participants outside the 

control group were either given task information feedback, cognitive information 

feedback, or both. All feedback types reduced dilution, although only feedback 

containing task information was able to reduce dilution when compared to the reduction 

in the control group, which also lost dilution though no feedback was administered.    
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INTRODUCTION 
 
 

Throughout our lives we make decisions, and it is through these choices that our 

lives take shape.  What toy should I buy, who should I date, what classes should I take?  

Life boils down to a long string of decisions of greater or lesser consequence, each one 

opening and closing paths towards our future.  Of course, when we make decisions most 

of us, at least briefly, contemplate what our lives will be like if we make one decision or 

another, and so as much as our choices it is this predictive ability, our judgments, that 

indirectly shape our lives.  However, there is evidence to suggest that we do not always 

make optimal use of the information we have available to us when we make judgments or 

decisions.  For example, research shows that people not only consider important 

information when they make a judgment, but also unconsciously tend to incorporate all of 

the information available, whether important or not (Nisbett, Zukier, & Lemley, 1981).  

Unfortunately, the implication of such findings is this: in life we are constantly making 

judgments and decisions that are at least in part based on information that has nothing to 

do with our objectives.  More specifically, we are leading lives that are constantly 

influenced by meaningless information. 

From a practical perspective, consider a weatherman who examines a satellite 

image of a warm front headed for his town; he sizes up the picture and confidently 

predicts rain for tomorrow.  Basically, our weather forecaster has utilized a good 

diagnostic cue (the image) to make a judgment about tomorrow’s weather.  Now imagine 

a second weatherman who has recently taken on two new interns from the local 

university. He usually gathers important cues about the weather on which to base his 

predictions himself, but today he decides to allow his new interns to do it.  The interns 
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excitedly run off and come back with three sources: the result of a flipped coin, 

tomorrow’s forecast from a farmer’s almanac, and the same satellite image our first 

weatherman was using.  The second weatherman realizes that the first two pieces of 

information that his interns found (the coin toss and the almanac) are worthless, but he 

does have the satellite image, and so composes his forecast based on that. Given that both 

weathermen have the same weather image, which of their two forecasts is likely to be the 

most accurate? 

Although both the first and second weathermen are basing their forecasts on 

identical information (the satellite image), the first weatherman’s forecast is likely to be 

more accurate.  The second weatherman’s forecast will be worse (on average) because 

there is a good chance that the additional exposure to worthless information will cause 

him to under-utilize the satellite image, leading to a less accurate forecast.  As 

demonstrated by Troutman and Shanteau (1977), people have trouble ignoring irrelevant 

information; for example, how many television commercial jingles can you remember 

despite never needing or using the product that it advertised?  Taking these ideas a step 

further, Nisbett et al. (1981) demonstrated that when one piece of diagnostic information 

is presented simultaneously with several other non-diagnostic cues, this non-diagnostic 

information weakens the impact of the simultaneously presented diagnostic cue on a 

person’s judgment.  In short, the combination of Troutman et al. and Nisbett et al.’s 

research shows that two individuals with the exact same diagnostic information, and with 

the same intended judgment strategy, will arrive at different decisions when irrelevant 

information is presented to only one of them. Nisbett et al. named this phenomenon the 
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‘dilution effect’ because of the non-diagnostic information’s tendency to weaken the 

influence of the diagnostic cue. 

The History of the Dilution Effect  

 In 1981, Nisbett et al. published the first paper addressing the dilution effect, 

although certainly by that time it was clear that human judgment was in many ways 

lacking.  Nisbett et al. based their work on at least 27 years of prior research, all of which 

(in retrospect) seems to hint at the dilution effect that they discovered.  Much of the 

original work on judgment fallacy really offered no insight into the mechanisms 

responsible for judgment quality; they just noted the situations where and when it was not 

as good as one might expect. For example, Meehl (1954) and Goldberg (1968) showed 

that so-called ‘experts’ in a field were not nearly as good at judgment as expected, 

performing considerably below the performance levels of ‘optimal formulas’ created with 

the same information.  Unfortunately, however, neither Meehl nor Goldberg’s work gave 

any indication of why this counter-intuitive finding might be.   

 In essence, much of the early research suggested that experience and judgment 

were less related than might be intuitive, and the research that followed uncovered three 

reasons why that might be.  First, evidence was found that people are not always as aware 

of their own judgment processes as we might think. Both Slovic (1969) and Summers, 

Taliaferro, and Fletcher (1970) showed that people were likely to misrepresent their own 

judgment strategies when asked to give self-reports of which cues they used in making a 

judgment.  Second, judgment strategies were shown to be inconsistent in some situations. 

For example, Slovic (1972) found that when people performed more ‘automatic’ 

judgments (quick casual judgments), they were less likely to employ a consistent 
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approach than when judgments were considered for longer periods of time.  Third, it was 

shown that people’s judgment strategies were easily influenced by extraneous 

information.  Research, for example, by Troutman et al. (1977) found evidence showing 

that people considered irrelevant information, even when they were told that the 

information was irrelevant.   

 Dilution effect theory grew out of the third finding from this period of research, 

that humans are influenced by irrelevant information when they make judgments.  Nisbett 

et al. (1981) reasoned that in the real world of everyday decision making, humans are 

presented with a complicated mess of both diagnostic and non-diagnostic information for 

most judgments.  As demonstrated by Troutman et al. (1977), people have trouble 

ignoring irrelevant information; for example, most doctors know more about their 

patients than just the symptoms relevant to the situation at hand, and potentially consider 

some or all of this extra information despite its irrelevance. What Troutman et al. (1977) 

did not address, and what was still unclear was the effect of non-diagnostic information 

on judgment accuracy; perhaps it is inconsequential that we are aware of extraneous cues.  

In a series of five experiments, Nisbett et al. (1981) not only replicated Troutman 

et al.’s finding that non-diagnostic information was being considered, but they also 

showed that it was weakening the impact of the simultaneously presented diagnostic 

information on judgment. More specifically, Nisbett et al. found that they could reduce 

the effect that negative evidence had on mock juries’ decisions of guilt, when non-

diagnostic information was presented with the evidence.  The result of adding the non-

diagnostic information was a drop in the correlation between jury decisions of guilt and 

the outcome of the actual case the mock situation was based on (a measure called 
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achievement).  Nisbett et al. also showed that the dilution effect could in fact increase 

achievement in cases where the diagnostic cues were otherwise being over-utilized (when 

a particular piece of evidence was being considered more than it should), by introducing 

non-diagnostic dilution with that piece of evidence.  In both situations the effects were 

the same; the relationships between important cues and the judgments they facilitated 

were muted by the non-diagnostic information.  In short, this research showed that two 

groups with the exact same diagnostic information, and with the same intended judgment 

strategy, would arrive at different decisions when irrelevant information was presented to 

only one of the groups.  

The Robustness of the Dilution Effect 

  The dilution effect has been observed in the fields of judgment and decision 

making, law, and cognitive psychology.  Judgment researchers have repeatedly observed 

dilution effects in multiple cue probability learning environments, where participants 

make a battery of judgments based on certain cues and the relationships between each 

presented cue and participants’ judgments may be determined (e.g., Peters & Rothbart, 

2000; Youmans & Stone, 2002).  In the legal realm, Smith et al. (1999) provided juries 

with information about the guilt of a defendant in one group, then provided a second 

group with the same information plus extraneous non-diagnostic information. They 

showed that the presentation of irrelevant information could sway juror decision making, 

diluting ‘guilty’ cues, and thus avoiding guilty verdicts.  In cognitive psychology, a study 

by Brown, Gore, and Carr (2002) demonstrated that the dilution effect could be observed 

in Stroop tasks. In this study, a neutral word (e.g., one that creates no Stroop effect) was 

presented along with a typical Stroop word, and the neutral word reduced the Stroop 
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effect.  Put differently, the non-Stroop (i.e., non-diagnostic) word actually diluted the 

strength of the Stroop effect. 

 Thus, the dilution effect is robust in the sense that it reveals itself in a variety of 

research paradigms.  However, there is also evidence that the dilution effect affects 

people regardless of the qualifications of the person making the judgments.  Although not 

explicitly investigating the dilution effect, Hoffman (1996) found that that both novices 

and experts were equally influenced by non-relevant information, and Meehl’s (1954) 

study of experts suggested that experts were not as good at making judgments as one 

might expect.  It seems, then, reasonable to expect even educated decision makers (e.g., 

doctors, lawyers, financial consultants) to be influenced by the dilution that extraneous 

cues create in their judgments. 

Solutions to the Dilution Effect 

So what can be done to curb the effects of dilution? In order to really claim 

progress towards dilution reduction, a procedure or would have to enable people to truly 

differentiate for themselves between diagnostic and non-diagnostic information, and then 

avoid the dilution effect that the non-relevant information tends to produce.  In light of 

that, one fundamental question (and perhaps the fundamental question) that needs 

answering is: what type of an error is the dilution effect?  Is the dilution effect an 

inevitable and uncorrectable ‘automatic’ cognitive result whenever non-diagnostic and 

diagnostic information mix, or is the dilution effect a correctable error due more to 

inattention or distraction?   Insight into this issue is provided by the work of Brown et al. 

(2002), who succeeded in partially reversing their initial findings concerning the dilution 

of Stroop tasks.  Using either high or low auditory tones, Brown et al. focused 

 6 



  

participant’s attention either on the center of a display (where the Stroop task was 

presented), or on the periphery of the screen (containing the diluting non-relevant color 

backgrounds that were causing dilution).  They found that dilution effects were stronger 

when the tone focused attention on the background, and weaker when tones focused 

attention on the Stroop word in the center of the screen.   

Brown et al.’s research suggests that dilution errors may be influenced, but only 

when our attention is directed away from the distracting cues and toward the diagnostic 

ones.  In Brown et al.’s study, a researcher is in control of manipulating dilution (they 

control the high and low tones, and thus what participants focus attention on), but is there 

any reason to assume that a researcher need guide our behavior for the dilution effect to 

be reduced?  One of the most puzzling aspects of the dilution effect is that those affected 

very clearly vocalize the correct judgment policies, but fail to follow them (Nisbett et al., 

1981).  Thus, it appears that dilution effects occur when we break our adherence to our 

own policies, but not because we lack them.  If Brown et al. are able to reduce dilution by 

calling attention to the correct policy information (i.e., the diagnostic cue in the Stroop 

task), then it seems plausible that the dilution problem is approachable by means of 

refocusing our attention on the judgment policies that we originally intended to follow, or 

more indirectly by showing that our current policies are inconsistent with our intentions.  

By using auditory tones to manipulate participant focus Brown et al. have done much 

more than reduce Stroop dilution, they have shown that it is possible to influence, and 

potentially correct, a dilution effect through feedback.   

 

 

 7 



  

Feedback 

Feedback is information that is given to a person during or after they complete a 

task that is intended to make them better at performing that task.  There are many types of 

feedback (for example, Brown et al., 2002 used audible tones), but one of the major 

distinctions is between outcome and cognitive feedback. To appreciate the difference, 

imagine that you have decided to fulfill your lifelong dream and become an insurance 

claims officer.  However, you don’t know much about processing claims, and so two 

senior officers have volunteered to help you.  

Because you have never worked for an insurance company before, they explain 

that your first task is to learn how to estimate how much money the company pays when 

an insured customer has an auto accident, which is the company’s most frequent type of 

claim.  The instructors explain that all auto accident reimbursements are based on three 

facts: the original sticker price of the car, the blue book value at time of crash, and the 

police’s determination of fault in the accident.  The first instructor decides that the best 

way to teach you how to respond to auto claims is to let you begin suggesting what you 

consider to be the right dollar amount based on these three pieces of information, and 

then to tell you after each of your estimates what the real dollar amount should be, 

without explaining why. After each of your suggestions he does this, always diligently 

informing you of the actual amount that the company would have paid, but never 

explaining the underlying strategy behind these amounts.  The second instructor takes a 

different approach: she also asks you to make estimates, but after you suggest each 

amount she corrects them by telling you each of the relationships between the company’s 

reimbursement and each of the cues (sticker price, blue book value, and fault).  For 

 8 



  

example, she could provide you with how much each cue should be factored into a final 

reimbursement (sticker price is twice as important as blue book value, etc.). Now imagine 

that you only had a day to learn how to estimate reimbursement before the company 

evaluated you, and you could only choose one of the two instructors to help you with 

your claims; which teacher would you choose? 

Most people would probably prefer the approach taken by the second instructor to 

that of the first; at the very least we can say that the feedback the first instructor provided 

was very different from that of the second. Our first teacher was giving a form of 

outcome feedback, feedback that provides a person with the actual value immediately 

after that person produced their estimate of it. The second instructor utilized cognitive 

feedback, the type of feedback central to this paper, which assumes that the basic unit of 

cognition in judgment is the relationships among judgment variables (see Figure 1). 

Specifically, cognitive feedback is comprised of three basic relations: the importance of 

each cue to the actual value (task information), the relationship between a person’s 

judgments and what a correct judgment would be (functional validity information), and 

the importance a person is giving a cue in a judgment (cognitive information). It is 

cognitive feedback’s ability to convey information about an individual’s own judgment 

policy to that individual that makes this type of feedback an ideal candidate for reduction 

of dilution. 

  Doherty and Balzer (1988) suggest that in order to understand current work on 

feedback, we must be aware of the limitation of a human’s cognitive processes (e.g., 

Kahneman, Slovic, & Tversky, 1982).  Well known examples of such cognitive 

shortcomings are short term memory and attention span limitations, but Doherty and 
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Balzer point out that these cognitive limitations also apply to our “ability to deal with 

environmental uncertainty, learn function forms and weights, assess co-variation, 

abandon falsified hypotheses, understand ourselves,” and so on (Doherty & Balzer, 1988, 

p. 164).  Doherty and Balzer argue that outcome feedback fails to address such cognitive 

complexity, and thus is not very helpful except in very simple judgment tasks.  For 

example, as a real insurance claims officer, it might be the case that the company 

considers several hundred factors when determining how they process a claim.  In this 

case, it would be nearly impossible for you to figure out what information was utilized, 

and how it was utilized, with only outcome feedback to help you refine your judgments.   

 Doherty and Balzer (1988) suggested that contemporary cognitive psychology 

must rely less on outcome feedback if we are to improve judgment quality, but does the 

experimental evidence on cognitive feedback support this claim?  Newton (1965) was the 

first researcher to explore cognitive feedback’s effectiveness.  He devised a research 

paradigm where 99 students were given multiple types of cognitive feedback, including 

task information, cognitive information, and functional validity information.  Each 

student was assigned to a group, and then estimated grade point averages based on four 

relevant cues.  Then, depending on what group the student was in, the students received 

either cognitive feedback in one or more forms, or no feedback (control), and estimated 

the grade point averages again. Newton found that cognitive feedback increased 

accuracy, specifically in conditions where task information was presented either alone or 

in combination with cognitive or functional validity information (Newton, 1965). Groups 

that received feedback not containing task information showed no improvement in 

judgment quality. Interestingly, Newton’s goal was not really to demonstrate cognitive 
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feedback’s utility, but to show that judgment research could be analyzed using 

‘behavioral’ criteria (for example, achievement), with an overall goal to show how 

studies could be conducted with an expanded participant base population (i.e., students). 

Thus, Newton’s (1965) study lent support to two concepts: the validity of behavioral 

criteria such as achievement for measuring judgment (versus more simplistic self 

reports), and the utility of cognitive feedback. 

 Perhaps because Newton chose to focus his article on the validity of behavioral 

criteria rather than the utility of cognitive, five years passed before any new research 

dealt with cognitive feedback paradigms in spite Newton’s findings that cognitive 

feedback enhanced judgment quality. However, beginning in the 1970’s, compelling 

evidence for the superiority of cognitive feedback over outcome feedback began to 

amass.  Deane, Hammond, and Summers (1972) were the first to experimentally compare 

cognitive and outcome feedback, by presenting task information in a variety of 

presentation formats, and contrasting the effects with those of outcome feedback.  Deane 

et al. found that cognitive feedback improved judgment more than did outcome feedback, 

although the focus of this publication still avoided direct comparison of the feedback 

types themselves, instead examining the effect of presentation format on judgment 

quality.  For whatever reason, both Newton and Deane et al. chose to avoid focusing their 

research on a direct comparison of cognitive and outcome feedback.  However, although 

these researchers had alternate focuses, both laid the groundwork for the more direct 

comparison of outcome and cognitive feedback in the research that followed.   

 Hammond and Boyle (1971) were the first researchers to focus solely on feedback 

type, showing that a combination of task and cognitive information was better at 
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improving judgment quality than was task information alone, and that both improved 

judgment better than outcome feedback.  Nystedt and Magnusson (1973) and Steinmann 

(1974) essentially replicated the main finding of Hammond and Boyle (1971), again 

showing that cognitive feedback was superior to outcome feedback for improving 

judgment quality. Balke, Hammond, and Meyer (1973) and Fero (1975) explored 

participant reactions to cognitive feedback by exposing a small number of participants to 

cognitive feedback (task and cognitive information together) in practical settings (e.g., in 

a contract negotiation task, predicting drug use), finding positive self-reports about the 

usefulness of cognitive feedback.  

 By 1976, it seemed clear that cognitive feedback was proving to be more effective 

than outcome feedback in terms of improving judgment quality in a wide variety of 

experimental settings, a view that has been supported by subsequent research spanning 

from that time until the present (e.g., Adelman, 1981; Balzer, Doherty, & O’Connor, 

1989; Balzer, Sulsky, Hammer, & Sumner, 1992; Balzer, Hammer, Sumner, 

Birchenough, Martens, & Raymark, 1994; Hoffman, Earle, & Slovic, 1981; Neville, 

1977; 1978; Stang, 1985).  But is it true to say that cognitive feedback is always superior 

to outcome feedback? Throughout the early period of cognitive feedback research, a 

small number of troubling findings made this question difficult to answer. Although the 

preponderance of evidence seemed to support cognitive over outcome feedback, a small 

number of credible studies seemed to suggest otherwise.  For example, both Balke et al. 

(1973) and Lindell (1976) found that cognitive feedback (task and cognitive information) 

increased the quality of their participants’ judgments in terms of overall achievement, but 

seemed to confuse participants in terms of the individual weights they placed on each 
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cue.  Clover (1979) found no benefit of cognitive feedback (task and cognitive 

information) on the judgment of his participants.  Schmitt et al. (1977) conducted two 

experiments that compared a mixture of cognitive and outcome feedback with cognitive 

feedback alone.  In their first experiment they found that the combination of outcome and 

cognitive feedback (cognitive information) aided judgment more than did cognitive 

feedback alone.  Further, they found that there was no significant difference between 

cognitive feedback and control groups (strictly cognitive feedback was totally 

ineffective). However, in the subsequent experiment task information was added to the 

cognitive feedback, at which point Schmitt et al. reported a reversal of the effect (now 

cognitive feedback was superior to the combination of outcome and cognitive feedback), 

with no significant difference between control and the combination of feedback forms. 

Though in the minority, these contrary findings required rectification, leading researchers 

to shift the experimental dialogue away from an outcome versus cognitive feedback 

debate, and towards a much closer look at the function of the individual components of 

cognitive feedback. 

The Components of Cognitive Feedback 

 Recall that cognitive feedback is divided into three types (task, cognitive, and 

functional validity information), each of which increases judgment quality by giving a 

person insight into the relationships involved in a judgment task.   Task information 

feedback provides a person with the actual impact that specific cues should have on a 

judgment, cognitive information feedback provides insight into a person’s own way of 

utilizing the cues provided, and functional validity information reveals the relation 

between a person’s judgment and the actual correct judgment.  The design of Newton’s 
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(1965) study divided cognitive feedback conditions into five groups that were exposed to 

some combination of each of these, but only found significant differences from control in 

conditions receiving task information, either alone or in combination with the other two 

feedback types.   

To help illustrate the differences between the three types of cognitive feedback, 

imagine a judgment task where we ask participants to make predictions of college 

students’ GPAs, given four cues: IQ, high school rank, SAT scores, and their principal’s 

estimate of their ‘personality.’  Participants make one hundred estimates of GPAs based 

on this information, and then are divided into three groups, each given some sort of 

feedback.  Imagine that the first group of participants is given feedback in the form of the 

correlations between each of the cues and GPA. For example, they are told that there is a 

.68 correlation between high school class rank and GPA. This type of feedback is called 

task information. Task information feedback provides a person with information about 

the actual relationships between the cues they are given and what they are being asked to 

judge, or in short, what they should be doing with each cue. 

A second group is given a measure of how similar their judgments are to the way 

that they should be.  This feedback is called functional validity information, which is 

information about the relation between a person’s judgment and what the true values are.  

For example, a participant in this group might be told that their judgments were 

correlated .89 with what the real values were in a judgment task (their achievement 

score).   

Now consider a third group, where participants are given information about the 

way they used the available cues in their previous 100 judgments. This information could 
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also be given in the form of correlations, such that they are told, “You thought the 

correlation between class rank (the cue) and GPA (what they are being asked to judge) 

was .50.”  This type of cognitive feedback is called cognitive information, information 

about what a participant is doing with the cues they are provided with.  Presumably, 

people should already have a good idea of how they utilize cue information, since they 

themselves have made the policy that they are following. And perhaps it is because 

people generate their own policy that people’s judgments have generally shown little to 

no improvement after receiving cognitive information (Balzer et al., 1994).   

 Following Newton’s (1965) initial study, Nystedt et al. (1973) and Steinmann 

(1974, 1976) reported no difference between feedback that contained solely task 

information and feedback comprised of task information plus cognitive or functional 

validity information. In fact, except for a few notable exceptions that suggested some 

support for an advantage of task and cognitive information appearing together (e.g., 

Hammond & Boyle, 1971; Schmitt, Coyle, & King, 1976), the majority of research 

suggests that task information is by far the most effective form of cognitive feedback, and 

a necessary component of any cognitive feedback that could be expected to aid judgment 

(e.g., Balzer et al., 1992, 1994; Newton, 1965; Nystedt et al., 1973; Remus, O’Conner, & 

Griggs, 1996; Schmitt et al., 1976; Steinmann, 1974, 1976). Importantly, most of the 

research that has been conducted with cognitive information has not made a direct target 

of it, and this lack of attention may explain why this feedback type has not been shown to 

be helpful.  For example, only two studies have actually looked at judgment situations of 

‘task information without cognitive information’ versus ‘cognitive information without 

task information’ (Doherty & Balzer, 1988).  However, the current interpretation of the 
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available evidence supports the view that task information, and not cognitive or 

functional validity information, is the critical component in cognitive feedback (Balzer et 

al., 1994).  

Cognitive Information and the Dilution Effect 

  Why has previous research failed to find evidence for cognitive information 

feedback?  The explanation that has been adopted (e.g., Balzer et al., 1994) is that 

cognitive information, for whatever reason, is just not useful for making judgments.     

The rationale for such an argument is somewhat obvious; if cognitive information 

feedback really had any merit, then it would have proven itself in one of the many studies 

that have attempted to detect cognitive information feedback’s effect.  A closer 

examination of this argument, however, suggests that this might not be the most logical 

conclusion given these results.    

 Recall that cognitive information feedback is information about how a person is 

utilizing the cues they are provided with when they make a judgment.  Consider a woman 

who is making a judgment based on three cues.  The first cue is somewhat informative, 

and the second and third cues are very helpful.  Researchers ask the woman to make a 

series of judgments, and then determine how much importance she is placing on each 

cue.  Next, they give her some cognitive information feedback, which tells her that she 

thinks the first cue is somewhat informative, and the second and third are very 

informative. The woman makes more judgments, and the researchers find no 

improvement in achievement.  They conclude, from a series of experiments like this one, 

that cognitive information feedback does not work. 
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 From such research designs, concluding that cognitive information feedback is 

useless is like concluding that a screwdriver is useless because it failed to drive a nail.  

First, past studies suggest that participants usually have a sophisticated understanding of 

how they used each cue, and can directly tell you roughly what their policies were, in 

relation to one another (Doherty & Balzer, 1988).  Additionally, findings have shown that 

participants can often pick out their own judgment policy from a list of all participants’ 

policies (Reilly & Doherty, 1988).  Thus, it seems highly likely that the cognitive 

information feedback used in these studies was merely providing redundant information.  

Consequently, while past studies have concluded that cognitive information feedback is 

worthless, they have done so without providing any possible experimental situation 

whereby cognitive information feedback might have had a chance to be helpful, such as 

in situations where participant’s awareness of their own judgment policies have shown to 

be incorrect. 

 A better test of cognitive information feedback would utilize a judgment task 

where the participants are not aware of their own judgment strategy, that is, where 

participants are unaware of their own policy for using cues. In dilution situations 

cognitive information is not redundant, because the very nature of the dilution effect is to 

change our judgment policies without our knowledge that it has done so.  This being the 

case, cognitive information feedback seems an appropriate way of calling attention to the 

fact that our judgment policy has become unintentionally flawed.  Since Brown et al. 

(2002) has shown that focusing attention on the diagnostic cue tends to reduce the 

dilution effect, it seems reasonable to assume that cognitive information feedback could 

have the same effect.  In addition, since cognitive information feedback is based on our 
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own past judgments, this feedback is not dependent on an external source of correction 

(such as the researcher in Brown et al.’s study) to function.  If the dilution effect takes 

place because we fail to follow our own judgment policies, cognitive information 

feedback should correct the dilution effect by calling our attention to the fact that our 

policies are not what we intended.   

Hypothesis 

Dilution  

Our first hypothesis is that non-diagnostic information will reduce the weight 

participants place on a diagnostic cue when that information is made available during a 

decision making task.  Specifically, the beta weights associated with a diagnostic cue 

presented alone will drop when non-diagnostic information is added. Dilution may also 

be detected in terms of an increase in the residual error associated with judgments 

containing non-diagnostic information.  We expect such dilution effects to be strong 

enough to be detectable in terms of overall judgment performance, measured in terms of 

achievement and mean squared error (MSE). Basically, we predict that a dilution effect 

will be observable in terms of four dependent measures: diagnostic beta weight, residual 

error, achievement, and MSE. 

Effects of Feedback 

Our second hypothesis is that cognitive feedback will correct for the dilution 

effect, specifically task and cognitive information feedback.  We predict that this 

correction will be observed with regards to both feedback types, and a combination of 

these two feedback types, when dilution of our dependent measures in these conditions is 

compared to the dilution in the control condition.   
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METHOD 
 
 

Overview 
 

The goal of the present research was to create a reliable dilution situation in a 

laboratory, and to test the utility of cognitive and task information feedback within that 

context.  Dilution was said to be created when participants who were asked to make an 

estimate of an anonymous individual’s family income based on the individual’s education 

(a diagnostic cue) reduced their consideration of that person’s education in making the 

estimate whenever two other non-diagnostic cues were presented.  In other words, we 

created a situation whereby cues that gave absolutely no useful information diluted a 

participant’s judgment.  Once judgments were diluted, task and/or cognitive information 

were administered to the participant to determine if the dilution effect could be reversed 

through feedback.   

Participants 

 One hundred and eighteen Wake Forest University (WFU) undergraduate or 

graduate students participated in this study.  Given the nature of the study, the population 

for this experiment was limited to students who had completed at least one WFU research 

methods class or the equivalent.  Specifically, the participant population was composed 

of psychology and sociology majors who had taken their department’s research methods 

course, and psychology graduate students in their first year who had no prior knowledge 

of this study.  It was assumed that these students, due to their coursework, possessed a 

reasonable degree of statistical sophistication that would be absent in introductory 

psychology students, and it was our hope that with this sophistication would come a 

greater benefit from the feedback we provided. Participants were paid $25.00 for a 
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maximum of two hours time, though they were paid the full amount even if they 

completed the study in less than two hours.  Compensation for this research, including 

participant reimbursement, came from a grant from Faculty Development Funds. All 

participants were treated within the guidelines set forth by the American Psychological 

Association and signed an IRB approved informed consent form prior to their 

participation (see Appendix 1). 

Design 

 The study was conducted as a 4 (type of feedback: none, task information, 

cognitive information, task plus cognitive information), by 2 (dilution cues present: yes, 

no), by 2 (exposure to feedback: before feedback, after feedback) design.  The presence 

or absence of dilution cues and exposure to feedback were within-subject variables.  As 

we would expect a large carryover effect if a participant was exposed to feedback from 

separate conditions, the independent variable ‘type of feedback’ was between-subjects. 

The dependent variables were beta weights of cues’ consistency with judgment policy, 

and judgment accuracy. 

Materials 

Computer Testing  

All participants made a series of judgments that was administered by a computer 

program developed on an e-prime platform, running on IBM personal computers with the 

minimum of a Pentium II or higher processor.   Participants responded to each judgment 

task via a standard U.S. computer keyboard. 
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The Cues 

 To ensure that the information presented was ecologically valid, the cues used in 

this study and their relationships to each other were not invented, but were taken from the 

1993 General Social Survey, a nationwide cross-sectional sample of Americans over the  

Table 1:  The Correlational Relationships Among Study Cues 
 

CONDITIONS Education Time w/ Rel. Music Income 
Education 

 
1.00 .04 -.01 .44 

Time w/ Rel. 
 

  .04 1.00 .03 -.03 

Music 
 

-.01 .03 1.00 -.02 

Income 
 

 .44 -.03 -.02 1.00 

Note. N = 1543 
A Correlation Matrix of the 50 Non-Dilution Cues 
 

CONDITIONS Education Time w/ Rel. Music Income 
Education 

 
1.00 .10  -.20 .43 

Time w/ Rel. 
 

  .10 1.00   .10 .03 

Music 
 

-.20 .10 1.00 .00 

Income 
 

.43 .03   -.00 1.00 

Note. Only education cues shown. N = 50 
A Correlation Matrix of the 50 Dilution Cues 
 

CONDITIONS Education Time w/ Rel. Music Income 
Education 

 
1.00   .14  -.06 .43 

Time w/ Rel. 
 

  .14 1.00   .10 .00 

Music 
 

 -.06   .10 1.00 -.01 

Income 
 

 .43   .00 -.01 1.00 

     Note. All cues shown from this sample. N = 50  
______________________________________________________________________________________ 

 
age of 18.  As shown above in Table 1, the cues drawn from the survey were chosen in 

the interest of presenting a diagnostic cue that was highly related to income and dilution 

cues that were statistically unrelated to income.  However, the dilution cues were also 
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required to be unrelated to the diagnostic cue, and from each other.  The diagnostic cue, 

chosen for its high correlation with income, was years of formal education, and the 

dilution cues were time spent doing something social with a relative and feelings about 

easy listening music.  The integrity of these relationships (or lack of relationships) was 

closely maintained by drawing two random sub-samples of 50 responses from the larger 

sample of 1,520, until a random sub-sample was drawn that closely approximated the 

original.   

 The task and cognitive feedback in this study relayed information about the cue 

relationships to participants in terms of the regression beta weights. The beta weights 

were regressed from the cues found in the general social survey, and not from the sub-

samples of 50 we made, because the general social survey beta weights represented an 

ecologically valid representation of the relations between cues.  However, like the 

correlational cue relationships between the general social survey data and our sub-

samples, the beta weights were also extremely similar.  In the general social survey the 

overall beta weight between education and income was .52, and in our diagnostic and 

dilution sub-samples of 50 respondents this weight was .43 and .55 respectively.  

Likewise, the beta weight for time spent with relatives was -.01 in the general social 

survey, and in our diagnostic and dilution sub-samples were .03 and .01. Additionally, the 

easy listening music beta weight was -.08 in the general social survey, and in our 

diagnostic and dilution sub-samples were -.17 and .07.  

Handwriting Samples 

The fifty trials that contained the two diluting cues together with the diagnostic 

cue appeared in handwritten form on the computer screen.  These handwriting samples 
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were actually authentic looking replications that were created by having 50 female 

volunteers copy the information found in the general social survey onto forms, which 

were then scanned and incorporated into the computer program (see Figure 2).   

Feedback Forms 

 Participants received handouts providing task information and/or cognitive 

information feedback, depending on their condition.  Task information feedback sheets 

gave participants information about the correct relationships between each of the three 

cues and income. Specifically, the task information sheets told the participant that the 

relationship between education and income (in non-standardized beta weights) was .52, 

the relationship between spending time with relatives and income was .007, and that the 

relationship between easy-listening music and income was -.08.  The task information 

sheets also provided an example of how each of these cues could be used in the context 

of the guessing game to make the best possible guesses (see Appendix 2). 

Cognitive information feedback sheets contained information about how a 

participant was weighing each of the cues when making guesses.  Specifically, cognitive 

information sheets gave the participant a representation of their unique judgment policy 

via the results of a regression analysis of their first 100 guesses.  This information was 

presented in the form of non-standardized beta weights representing how the participant 

had utilized each cue (education information when it appeared alone, education 

information when it appeared with other information, social time spent with relatives, and 

opinions of easy listening music). Cognitive information sheets also provided an example 

of how each beta weight represented the participant’s judgment policies during their first 

100 guesses (see Appendix 3). 
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The cue relationships found in this study’s feedback sheets were always presented 

in non-standardized beta weight format.  Non-standard beta weights were chosen as the 

method to provide feedback in this study because of their relative simplicity when it came 

to predicting one cue from another. For example, on task information sheets participants 

were told that the relationship between education and income was .52.  This number 

meant that for every year of education that a respondent had over the average (one year of 

college), one could expect their income level to rise .52 of an income category above that 

of the average income category (the average income was $32,000; the average category 

was 7).  On the same task information sheet the participants were told that the beta 

weight between spending time doing something social with relatives and income was 

given as -.08. This number meant that for every categorical increase from the average 

reported time spent with relatives doing something social, one could expect their income 

to fall .08 of an income category from the average income category. Finally, the beta 

weight between easy listening music and income on task information sheets was said to 

be .007. This weight meant that for every categorical increase from the average opinion 

of easy listening music, you could expect a rise of .007 of an income category from the 

average income category.   

Note that the non-diagnostic cues (time spent with relatives, opinions of easy 

listening music) had no significant effect on income, in the sense that even answers that 

were in the extreme (no time with relatives, liked easy listening music very much, etc.) 

had no consequential effect on what income category a participant should guess.  In all 

cases these beta weights were not important enough to alter the status quo, and 
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participants should have just guessed the average income regardless of respondents’ 

answers to these questions.  

Procedure 

Overview of Procedure 

 Participants signed up in the days preceding the experiment via electronic mail or 

on a physical sign up sheet for one of up to eight slots, which was the maximum number 

of participants run per session.  Participants arrived at a medium sized classroom where 

they received informed consent forms, were sorted into respective testing rooms and 

conditions, and then were taught how to interpret a beta weight.  This preliminary 

meeting was usually completed within 15 minutes, after which the participants were led 

to small individual testing rooms where they began making a series of judgments on a 

computer. When participants finished, an experimenter transferred their answers to a 

diskette, took them to another room where the data were checked for errors, and analyzed 

them to produce cognitive information when the data came from a participant in that 

condition.  After several minutes of waiting while the data were checked and analyzed, 

each participant was, one at a time, led into an adjacent workspace that was separated 

from the individual computer rooms (so other participants could not hear what was being 

said to them), and were then told that there was a $50 performance bonus for the 

upcoming second half of the computer study. Then they were given either no, one of two, 

or both feedback forms (respective to their experimental condition) and in cases where 

forms were given, were asked to read over them. Once participants finished reading, the 

feedback forms were carefully gone over ‘out loud’ by the experimenter to make sure the 

participant understood the content of each form.  Finally, the participants returned to their 

 25 



  

computer testing room, where they completed a second very similar series of judgments.  

These judgments were identical to the former, except that they were presented at random, 

and therefore in a different order than the first procedure. At the end of the second 

procedure participants were debriefed and paid $25 for their participation.  

Preliminary Meeting 

The main objective of the preliminary meeting was to ensure that all participants 

could correctly interpret the format of any potential feedback.  Up to eight participants 

met in a small classroom, where they received a short training session designed to 

familiarize them with the use of beta weights, the concept of a judgment policy, and how 

such policies could be represented in term of beta weights (see Appendix 4 for talking 

points of the training session).  Specifically, beta weights were explained in terms of their 

utility in conveying the relationship between two variables.  Since the variables used in 

the study were categorical and assumed to be interval, the same types of variables were 

used in the training session.  That is, guesses of income were made on a 12 level scale, 

where a guess of “1” indicated a guess of $0-$5000, so beta weights were explained as 

the number of categorical changes in one variable that would be required to affect a 

change of one category on another variable.  During the explanation, the example of a 

sports team’s record was employed, with a second variable (e.g., the number of practice 

hours per week) used to explain what it meant when two variables were directly related.  

The group of participants was encouraged to come up with their own examples of a sport, 

and a variable that would directly relate to success in that sport (e.g., tennis and number 

of hours spent practicing tennis per week).  Participants were then asked to make a 
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reasonable guess about the relationship between the sport and the variable in terms of 

beta weights.  The training sessions averaged 15 minutes in duration.    

Computer Session 1 

Following the training session, participants were divided into four conditions: 

those receiving no feedback, task information feedback, cognitive information feedback, 

or both cognitive and task information feedback together.  Each participant was then 

assigned to one of eight computer-testing rooms, where they began interfacing with the 

computers.   

Participants were told that they were about to play a guessing game that was 

based on a recent survey of people over the age of 18 who answered four questions about 

themselves. Specifically, people had been asked how many years of formal education 

they had completed, how often they spent a social evening with relatives, how they felt 

about easy listening music, and what their family's total yearly income had been last year.  

Participants were shown the scales that people had used to answer these questions (see 

Appendix 5), and then were told that the goal of this game was to guess how people 

responded to the last question (their family’s total yearly income), based on their 

responses to the first three.   

Specifically, participants were told that “sometimes you will guess after you have 

seen some of the answers the person has given about themselves (which will appear as a 

handwritten response), and sometimes we have already extracted the most important 

information from a person's response for you (which we have typed up for you).”  This 

procedure was done in the hope that the handwriting samples would convince participants 

that this information came from real people, rather than being made up.  It was assumed 
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that if participants felt that this information legitimately reflected actual peoples’ 

responses, then participants’ answers would more accurately reflect their true opinions 

(and not just random guesses).  The handwriting also served as what might be considered 

a second-level dilution factor (the fact that the answer was in personal handwriting in no 

way actually gives the participant any additional information about family income, but 

could create additional dilution).  Further, this instruction set informed participants that 

education was ‘the most important information’ for judging income from each person’s 

response. Following the introduction, instructions, and practice guesses, each participant 

began the main series of judgments. 

This task required that participants make a judgment each time the computer 

presented one of 100 different information screens, which were presented in a different 

random order for each participant. Each screen appeared only once, with 50 containing 

education information by itself, and 50 containing education, time doing social event with 

relatives, and opinion of easy listening music together.  When an education cue was 

presented alone, the information appeared in bold black computer font, but when all three 

cues were provided, they were presented in handwriting as if the individuals themselves 

had written the information (see Figure 2).  Regardless of the type of guessing screen, a 

listing of all the potential income categories always appeared beneath the cue or cues.  

Beneath this list was a red cursor prompt where a person’s guess was entered.  The 

computer only recorded entries after participants confirmed their answer by pressing the 

space bar.  The computer recorded the order of screen presentations and matched each 

presentation with the participant’s response. 

 28 



  

Feedback Session 

After completing the first guessing session, all participants were given a break 

while a data file created by the program was transferred to a separate computer in a larger 

workspace adjacent to the participants’ individual computer testing rooms.  Participants 

were then asked to leave their computer rooms and come to the larger workspace where 

they had an opportunity to ask questions about the procedure.  They were told that in 

order to maintain their interest in the study, the four participants who made the most 

accurate guesses in our study would receive $50.  The participants were then treated 

according to their feedback condition.  

In the no feedback condition, following mention of the $50 reward for accurate 

guessing, participants were once again asked if they had any additional questions. If not, 

an assistant led them back to their computer rooms where they began a second round of 

the task.  

In task information feedback conditions, following the mention of the $50 reward 

for accurate guessing, participants were given the task information feedback sheet and 

asked to read over it. Once finished, the experimenter reviewed the contents of the task 

information feedback with the participant. Following this procedure, an assistant led 

participants back to their computer rooms where they began the second round of the task. 

In cognitive information feedback conditions, before participants were brought 

into the room, their data files were transferred to an SPSS 11.0 data file, where a separate 

computer program unscrambled the participants’ answers, matched their guesses with the 

actual responses of the surveyed individuals, and created the beta weights participants 

were placing on each variable via linear regression.  These beta weights were then written 
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in the blank spaces provided on the cognitive information feedback sheet. Following the 

mention of the $50 reward for accurate guessing, the participant was given this sheet and 

asked to read it, and then the experimenter reviewed the content of the cognitive 

information feedback with the participant. Finally, an assistant led participants back to 

their computer rooms where they began the second round of the task.  

In the cognitive and task information feedback sessions, cognitive information 

sheets were prepared, and then following the mention of the $50 reward for accurate 

guessing, participants were given both cognitive and task information feedback sheets 

and asked to read over them.  When finished, the experimenter reviewed the contents of 

both types of feedback with the participant. Afterwards, an assistant led participants back 

to their computer rooms where they began the second round of the task. 

Computer Session #2  

The second computer session consisted mainly of a repeat of computer session 

one. Participants saw the exact same stimuli, though the presentations were always in 

random order as they were in the first session.  Participants also saw a similar instruction 

sheet, but the practice guesses were removed from session two.  Generally the second 

session took about as long as the first session for participants to complete. When 

participants finished the second session, they were debriefed and paid $25 in cash for 

their participation.   
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RESULTS 
 
 

 The results were analyzed from two perspectives, in accordance with both our 

hypotheses. First, we examined the results for evidence that the dilution effect was 

created in the research design.  Second, we looked for evidence that dilution could be 

reduced via feedback. Both of these hypotheses were tested in terms of four dependent 

measures, which will be discussed next. 

Dependent Measures 

 The predictions of both of our hypotheses were tested in terms of four dependent 

measures: change in education beta weights, residual error, achievement, and mean 

squared error (MSE).  

Education Beta Weights 

 Non-standardized education beta weights provide a measure of how much 

emphasis a participant was placing on education when making a prediction of income, 

and were found by regressing predictions of income by the education cue alone.1 

Residual Error 

 Residual error is a measure of the amount that a participant deviated from his or 

her own judgment policy.  Specifically, we found this measure by regressing participants’ 

estimates of income by education.  Next, the standard deviation residual for each 

judgment was calculated, which represents the amount the person deviated from the best 

linear representation of their judgment policy. We termed the average of each of these 

                                                 
1 We regressed predictions of income with only the education cue by itself, though it would have been just 
as reasonable to regress predictions of income with all three cues. Ultimately, however, there were no 
significant differences between these two methods. 
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judgment residuals ‘residual error’. In terms of interpretation, a smaller residual error 

reflects a greater degree of adherence to one’s own judgment policy.   

Achievement 

 Achievement, one of two overall judgment performance measures used in this 

study, is the correlation between income categories and the participant’s estimates of 

those income categories.  In terms of interpretation, greater achievement scores are 

generally taken to reflect a better judgment policy. 

Mean Squared Error (MSE) 

 MSE is a second measure of overall judgment performance, and was calculated 

by subtracting a participant’s estimate of the income category from the actual income 

category of that person, squaring that figure, and then taking the average of all squared 

deviations.  In terms of interpretation, lower MSE scores reflect a better judgment policy. 

Dilution Effects 

Education Beta Weights 

 As shown below in Table 2, pre-feedback beta weights for education dropped 

when dilution cues were present.  Participants (across all feedback conditions) judging  

Table 2: The Creation of the Dilution Effect 
____________________________________________________________________________________________________________ 
                                                                                Dilution Group 
Dependent Measure                 Education Cue Alone          Non-Diagnostic Cues Included 
____________________________________________________________________________________________________________ 
Education Beta Weight      .70    (.17)       .63      (.15)** 

Residual Error        .91     (.34)     1.18      (.37)** 

Achievement        .40     (.06)       .35      (.08)** 

MSE     12.72   (2.62)   11.31    (2.10)** 
 

Note. Standard deviations are in parentheses.  N=118.  ** Significant at p < .001 
____________________________________________________________________________________________________________ 
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income with only the education cue produced an average beta weight of .70 for 

education.  In contrast, all participants produced a beta weight for education of .63 when 

the two additional non-diagnostic cues were included in the presentation.  Thus, 

participants reduced their emphasis on the education cue by a beta weight of .07 

whenever dilution cues were present, t(117) = 11.47, p < .001, by a two-tailed paired t-

test.  Although this reduction may seem small, it is important to note that dilution effects 

occurred so reliably that only 14 participants out of the entire sample of 118 failed to 

reduce their reliance on the education cue when dilution cues were presented.  These 

findings are thus in keeping with our first hypothesis, that the weight placed on a 

diagnostic cue would be diluted when two non-diagnostic cues were also presented with 

the diagnostic information.   

Residual Error  

 As shown in Table 2, residual error increased whenever dilution cues were 

present, indicating that participants’ adherence to their own judgment policies was 

affected whenever non-diagnostic information was introduced.  The average residual 



  

Achievement 

As shown in Table 2, the first of two dependent measures of overall performance, 

achievement, decreased whenever dilution cues were present.  The average achievement 

score across all pre-feedback conditions when the education cue was presented alone was 

.40, but when dilution cues were presented along with the education cue achievement 

decreased to .35.  Thus, on average, there was a significant decrease of .05 in 

achievement whenever dilution cues were present, t(117) = 6.68, p < .001, by a two-tailed 

paired t-test.   

Mean Squared Error 

As shown in Table 2, the second dependent measure of overall performance, 

MSE, decreased whenever dilution cues were present, indicating that dilution helped 

judgment in terms of accuracy.  The average MSE score across all pre-feedback 

conditions when the education cue was presented alone was 12.72, but when dilution 

cues were presented along with the education cue MSE decreased to 11.31.  Thus, on 

average there was a significant decrease of 1.41 in MSE whenever dilution cues were 

present, t(117) = 6.57, p < .001, by a two-tailed paired t-test.  This finding was in keeping 

with our first hypothesis that dilution would translate into a significant change on the 

dependent measure MSE. 

These findings were in keeping with the reduction of education beta weights, and 

showed that there was a significant effect on overall performance when the beta weights 

on our predictive cue were diluted.   In this case, dilution lowered participants’ tendency 

to over-utilize the education cue, actually bringing the beta weights closer to what they 

should be. Thus, dilution effects could be seen via significant improvements (reductions) 
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in MSE scores when dilution cues were present, but also (strangely) via significant 

reductions in achievement scores.  We will return to this counterintuitive drop in 

achievement (the dilution effect in this study should largely benefit participants’ 

judgments) after the results are discussed.  

The Effects of Feedback 

Control 

Education beta weights.  Dilution in terms of education beta weights is defined as 

the difference between the education beta weights when the education cue was presented 

alone versus when the education cue was presented with non-diagnostic cues. Dilution 

reduction was measured in terms of the difference between this figure before and after 

feedback.  For the control condition, dilution was significantly reduced in terms of the 

average education beta weight from before to after feedback, plausibly via a practice 

effect.  As shown below in Table 3, dilution in the pre-feedback control condition was 

.06, and was .04 in the post-feedback condition, producing a significant reduction of .02,   

Table 3: Dependent Measures in the Control Condition 
____________________________________________________________________________________________________________ 
                                                                                Dilution Group 
Dependent Measures                Education Cue Alone          Non-Diagnostic Cues Included 
____________________________________________________________________________________________________________ 
Beta Weights 
 Pre        .67    (.16)       .61    (.14) 
 Post        .69     (.15)       .66    (.19) 
Residual Error 
 Pre        .88     (.33)     1.07    (.39) 
 Post        .75     (.31)     1.06    (.48) 
Achievement 
 Pre        .40     (.06)       .35    (.07)  
 Post        .41     (.04)       .38    (.04) 
MSE 
 Pre    12.45  (1.97)   11.32  (2.14) 
 Post    12.27  (2.03)   10.90  (1.75) 
 

Note. Standard deviations are in parentheses.  Sample sizes range from 28-31. 
____________________________________________________________________________________________________________ 
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t(30) = 2.04. p = .05, via a two-tailed paired samples t-test. 

Residual error.   Dilution in terms of residual error is defined as the difference 

between the average residual error values when the education cue was presented alone 



  

Task Information Feedback 

Education beta weights.  As shown in Table 4, task information successfully 

reduced dilution from the pre-feedback education beta weight of .07, to the post-feedback 

level of .00, for a significant reduction of .07, t(29) = 4.172, p < .001, via a two-tailed 

paired samples t-test.  However, because of the reduction of dilution in the control group, 

Table 4: Dependent Measures in the Task Information Feedback Condition 
____________________________________________________________________________________________________________ 
                                                                                Dilution Group 
Dependent Measure                 Education Cue Alone          Non-Diagnostic Cues Included 
____________________________________________________________________________________________________________ 
Beta Weights 
 Pre        .69    (.20)       .61    (.18) 
 Post        .55    (.13)       .55    (.11) 
Residual Error 
 Pre        .91    (.41)     1.19    (.37) 
 Post        .41    (.21)       .62    (.29) 
Achievement 
 Pre        .39    (.07)       .34    (.08)  
 Post        .42    (.04)       .40    (.03) 
MSE 
 Pre    12.93  (3.27)   11.44  (2.41) 
 Post    10.69    (.61)     8.97  (1.06) 
 

Note. Standard deviations are in parentheses.  Sample sizes range from 28-31. 
____________________________________________________________________________________________________________

it’s also important to compare the amount of dilution reduction in the task information 

group to that of the control group to see if the amount of dilution reduction can be 

attributed to task information.  Control’s dilution reduction was .02, and task 

information’s was .07. Thus, task information significantly reduced dilution over that of 

the control by .05, t(114) = 2.654, p = .01 via a two-tailed contrast.  These findings were 

in keeping with our second hypothesis, that feedback would reduce the dilution effect.  In 

fact dilution was completely eliminated by the task information.   

Residual error.  As shown in Table 4, the average change in residual error in the 

pre-feedback group due to dilution was .29, while the average post-feedback change was 
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.21.  The difference, .08, was not significant, t(29) = .952, p = .349 via a two-tailed paired 

samples test.   

Achievement.  As shown in Table 4, the average change in achievement in the pre-

feedback group due to dilution was .06, while the average post-feedback change was .03.  

The difference, .03, was not significant, t(29) = 1.82, p =.08 via a two-tailed paired 

samples test.   

Mean squared error. The average change in MSE in the pre-feedback group due 

to dilution was 1.49, while the average post-feedback change was 1.71.  The difference, 

.22, was not significant, t(29) = .486, p = .643, via a two-tailed paired samples test.  

Cognitive Information Feedback 

Education beta weights. As shown in Table 5, cognitive information successfully 

reduced dilution from the pre-feedback education beta weight of .07, to the post-feedback  

Table 5: Dependent Measures in the Cognitive Information Feedback Condition 
____________________________________________________________________________________________________________ 
                                                                                Dilution Group 
Dependent Measure                 Education Cue Alone          Non-Diagnostic Cues Included 
____________________________________________________________________________________________________________ 
Education Beta Weights 
 Pre        .73    (.16)       .67    (.15) 
 Post        .73    (.16)       .69    (.14) 
Residual Error 
 Pre        .90    (.25)     1.17    (.35) 
 Post        .84     (.30)     1.02    (.30) 
Achievement 
 Pre        .40    (.06)       .38    (.06)  
 Post        .39    (.05)       .37    (.05) 
MSE 
 Pre    12.85  (2.78)   11.18  (2.07) 
 Post    13.07   (2.77)   11.44   (2.39) 

Note. Standard deviations are in parentheses.  Sample sizes range from 28-31. 
________________________________________________________________________ 

 
level of .03, for a significant reduction of .04, t(28) = 2.55, p = .017, via a two-tailed 

paired samples t-test.  However, when cognitive information’s gain was compared to that 
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of the control, the reduction in dilution no longer reached significance, t(114) = .454, p = 

.651, via a two-tailed contrast.  These findings were not in keeping with our second main 

hypothesis that feedback would reduce the dilution effect.   

Residual error.  As shown in Table 5, the average change in residual error in the 

pre-feedback group due to dilution was .27, while the average post-feedback change was 

.17.  The difference, .10, was not significant, t(29) = 1.56, p = .13, via a two-tailed paired 

samples test.  

Achievement.  As shown in Table 5, the average change in achievement in the pre-

feedback group due to dilution was .02, while the average post-feedback change was .01.  

The difference, .01, was not significant, t(29) = .68, p = .50, via a two-tailed paired 

samples test.   

Mean squared error.  As shown in Table 5, the average change in MSE in the pre-

feedback group due to dilution was 1.67, while the average post-feedback change was 

1.63.  The difference, .04, was not significant, t(29) = .109, p = .914, via a two-tailed 

paired samples test.   

Task and Cognitive Information Feedback 

Education beta weights.  As shown on the following page in Table 6, task and 

cognitive information successfully reduced dilution from the pre-feedback education beta 

weight of .07, to the post-feedback level of -.01, for a significant reduction of .08, t(28) = 

6.23, p < .001 in a two-tailed paired samples t-test.  When this was compared to the 

reduction found in the control, task and cognitive information significantly reduced 

dilution over that of the control, t(114) = 2.7, p = .008, via a two-tailed contrast.  These 

findings were in keeping with our second hypothesis that feedback would reduce 
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Table 6: Dependent Measures in the Task & Cognitive Information Feedback Condition 
____________________________________________________________________________________________________________ 
                                                                                Dilution Group 
Dependent Measure                 Education Cue Alone          Non-Diagnostic Cues Included 
____________________________________________________________________________________________________________ 
Education Beta Weights 
 Pre        .71    (.15)       .64    (.13) 
 Post        .48    (.07)       .49    (.08) 
Residual Error 
 Pre        .95    (.36)     1.30    (.36) 
 Post        .35     (.17)       .62    (.32) 
Achievement 
 Pre        .39    (.07)       .35    (.08)  
 Post        .42    (.04)       .39    (.03) 
MSE 
 Pre    12.63  (2.78)   11.27  (1.77) 
 Post    10.63     (.53)     8.70     (.46) 

Note. Standard deviations are in parentheses.  Sample sizes range from 28-31. 
________________________________________________________________________ 

 
the dilution effect.  In fact, dilution was completely eliminated in this condition.   

Residual error. As shown in Table 6, the average change in residual error in the 

pre-feedback group due to dilution was .35, while the average post-feedback change was 

.26.  The difference, .09, was not significant, t(29) = .957, p = .347, via a two-tailed 

paired samples test.   

Achievement.  As shown in Table 6, the average change in achievement in the pre-

feedback task and cognitive information group due to dilution was .04, while the average 

post-feedback change was also .04.  Thus, there was no difference and no reason to 

perform any inferential test. 

Mean squared error.  As shown in Table 6, the average change in MSE in the pre-

feedback group due to dilution was 1.36, while the average post-feedback change was 

1.93.  The difference, .57, was not significant, t(29) = 1.09, p = .29, via a two-tailed 

paired samples test.   
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DISCUSSION 
 
 

 Basically this study showed some support for both of our hypotheses.  First, the 

dilution effect was created when judgments were made using a diagnostic cue that was 

presented along with non-diagnostic information.  This effect was observable across our 

dependent measures, including education beta weight, residual error, achievement, and 

MSE.  Second, the dilution effect was reduced in all four of our conditions, and was 

reduced in two of the three feedback conditions when compared to the control.  This 

effect was observable across all conditions in the education beta weight measure, though 

it did not reach significance for residual error, achievement, or MSE in any of the 

feedback conditions.  The discussion will now turn to several key questions relevant to 

this study. 

Questions 

Can the Dilution Effect Be Eliminated? 

We know from this study and others that non-diagnostic information decreases 

our emphasis on the information central to making good judgments.  However, no 

previous study has shown a clear method for eliminating this dilution effect. Thus, one of 

the central questions posited by this study was: is the dilution an automatic and 

unavoidable outcome whenever diagnostic and non-diagnostic information is presented?  

Based on our findings, it seems plausible to conclude that the dilution effect is not 

automatic or unavoidable, but is in fact correctible via cognitive (and potentially other) 

feedback.  In this study dilution was reduced in all feedback conditions, including the 

control, so our findings suggest that the dilution effect may be altered via feedback.  

However, it is not immediately clear what the mechanism behind these reductions were. 
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Did participants gain some sort of true insight into the dilution that was taking place in 

their judgments by the feedback they received, or was the response to the feedback 

simply to counter compensate for their initial bias leading to no net dilution? For 

example, once participants were given feedback, did they begin following a judgment 

policy that utilized an education beta weight of .52 and ignored the dilution cues, or did 

participants just slightly lower all of their guesses of income whenever the education cue 

was presented alone? 

At least in terms of task information feedback, it seems unlikely that participants 

made some sort of counter compensation for their biases, since they were never made 

aware of exactly what these biases were. For example, all participants had a good idea 

that they should base most of their judgments on the education cue, since they were told 

it was the most important cue at the beginning of the study. Thus, the task information 

feedback group, having never been shown what their pre-feedback beta weights were for 

the cues, probably just adopted the judgment strategy based on the practical information 

task information feedback provided, without realizing that it was much different from the 

one they had intended to follow before the feedback.  Note that that average beta weight 

in non-dilution judgments was .552 after feedback, which nearly reflects the true beta 

weights, however, also note that this figure remained identical, .552, when dilution 

information was present.  Thus, it seems very reasonable to conclude that when 

participants received task information feedback, they very strictly adopted the strategy 

that this feedback recommended, rather than making some sort of compensation 

adjustment to their pre-feedback strategy.  This new strategy formally excluded the 
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dilution cues, and beta weights were therefore unchanged regardless of a dilution 

presence. 

Why Did the Control Group Show a Reduction in Dilution?   

 Though it exhibited the smallest reduction, even the control group showed a 

marginally significant drop in dilution.  The drop could have been due to a practice effect 

of some type, but also could have been caused indirectly via the experimental design 

itself.  Recall that regardless of the dilution condition, education information always 

appeared first. In dilution trials, the education information was followed by the non-

diagnostic dilution cues, but perhaps as participants in the control condition advanced 

through the second 100 judgments, they stopped reading/focusing on the entire screen 

and simply glanced at the education information.  If true, it seems at least plausible, then, 

that this behavior might explain some of the loss in dilution we found in the control.  

Can Cognitive Information Feedback Reduce Dilution? 

 Although the introduction of this paper built a case around the possibility that 

cognitive information feedback would reduce dilution effects, in terms of the dependent 

measures discussed here, it is still not clear if cognitive information feedback corrects for 

the dilution effect.  Cognitive information feedback clearly reduced dilution, and did so 

to a greater extent than no feedback, but the difference between the reduction of dilution 

in control and cognitive information groups was not significant.  However, the virtual 

elimination of dilution via task information feedback, as measured by education beta 

weights, suggests that dilution effects are highly responsive to at least certain kinds of 

cognitive feedback.  As discussed earlier, if design issues could control for dilution 
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reduction in control groups, then it seems reasonable to assume that the additional power 

of our study would provide clarity on this issue.  

 Unlike task information feedback, cognitive information feedback in this study 

was probably less likely to create an actual elimination of dilution, and more likely to 

cause some sort of compensation to judgments made in the presence of dilution cues, 

since cognitive information alone did not actually provide a new judgment policy for 

participants to follow.  For example, when participants received task information 

feedback, it is reasonable to suspect that they adopted whatever judgment policy the task 

information suggested (ignore the dilution cues completely). However, in situations 

where participants received cognitive information feedback, it is more reasonable to 

assume that they saw discrepancies between what they had attempted to do, and what 

they actually did. In this case, perhaps rather than coming up with a new judgment policy 

to account for the discrepancies between judgment policies, they just followed the same 

judgment policy, and then ‘aimed low’ to compensate for their overestimates. This 

explanation finds support when one considers that when cognitive and task information 

feedback were combined, rather than only following the task information, which would 

have lead (and did lead in the task only condition) to an almost perfect educational beta 

weight of .55, they actually utilized the education cue to an average of .488 in terms of 

beta weights, actually reducing the emphasis to a level lower than the perfect beta weight 

that task information feedback provided.  This overcompensation suggests that, rather 

than finding true insight into a successful judgment policy as suggested by the task 

information, the cognitive information tended to cause a compensation away from, and 

not true judgment insight into, the dilution problem. 
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Why Did Dilution Have a Different Effect on Achievement and MSE? 

We predicted that overall performance measures such as achievement would 

change based on dilution effects, but it is important to explain why it was difficult to 

make any predictions on exactly what the effect on achievement would be.  Achievement 

is a measure of overall performance that is the correlation between judgments about a 

variable and the actual values of that variable. Thus, if you guessed that the actual income 

of a person was above the average and were correct, your achievement score increased, 

even if you were over-exaggerating how much the increase was.  A reasonable prediction 

about the affect of dilution on achievement in this particular situation would be to suggest 

that it would increase achievement, since dilution was in fact decreasing participants’ 

over-emphasis on education.  In other words, in this paradigm the dilution effect helped 

participant judgment, not hurt, because it diluted the over-emphasis participants were 

placing on education information. Therefore, one might predict that achievement scores 

would increase in dilution situations. 

 However, achievement actually dropped whenever dilution was present. One 

plausible explanation of this drop would be as follows: when the dilution effect was 

absent, participants’ guesses (which indicated an overestimation of education’s impact on 

income) were highly polarized and also less deviant in terms of residual error (a finding 

supported by our results). When dilution cues were presented, the amount of standard 

deviation increased, and thus participants sometimes would deviate to the point where 

they no longer followed the correct trend that the education value predicted (i.e., 

increasing estimates of income above the average, whenever education was above the 

average). Thus, the sizes of the beta weights, which are related to measures of MSE, were 
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not as relevant to achievement as they were to MSE.  Given that residual error did 

increase when dilution cues were present, dilution should lead to lowered achievement, 

even though it helped in terms of a reduction in the education beta weight closer to its 

actual value.  

Future Research 

Future research should address the parts of these questions that remain 

unanswered, or pursue the implications that their answers provided. First, are larger or 

more complex dilution effects equally assailable via feedback?  Arguably, our judgments 

are rarely made in the situation presented in this study, with only one highly predictive 

cue and two non-predictive cues on which to base a judgment.  Thus, one future research 

aim would be to identify a real word situation that produces dilution, and test feedback 

under those conditions.   

For example, it would be interesting to see if the specialized speed limit signs that 

provide feedback of your own speed are more effective at regulating the proper speed 

limits than traditional speed limit signs.  In fact, these specialized signs provide you with 

both cognitive and task information feedback, usually by having the speed limit posted 

(task information) above a screen that feeds back what your speed is (cognitive 

information).  Since most motorists (arguably) already know what the speed limit is on 

the road, and since some still unintentionally exceed the speed limit, it stands to reason 

that some of this speeding would be controlled via cognitive information feedback (the 

specialized signs).  Thus, it would be interesting to see if traffic was regulated more 

efficiently when additional cognitive information feedback is introduced. 
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Since our control condition showed significant improvement in terms of education 

beta weights, future studies should also examine the potential for practice effects on 

dilution.  Although our results may suggest a practice effect, there are other possibilities 

that also could create such results, for example, the fact that the diagnostic cue was 

always presented first, followed by dilution cues.  If through some frustration/boredom 

effect the diagnostic cue was favored as the study advanced, this could conceivably lead 

to the pattern of results found in our control.  For example, what if many participants took 

shortcuts or became frustrated as the procedure advanced, and stopped reading all the 

cues?  Since dilution cues always came last, they were the most likely to be ignored, and 

this might result in a loss of dilution.  A straightforward test for this eventuality could 

repeat this study on a control condition (no feedback), but present the diagnostic cue last, 

or in a random order.  If a frustration effect was responsible for the reduction in dilution 

found in the control condition, then this effect should be reduced or disappear when the 

study minimized the propensity for such an effect to cause participants to favor the 

diagnostic cue. 

Finally, future studies must consider the differences we found between 

achievement and MSE in terms of their utility as measures of overall judgment 

performance.  While both MSE and achievement are commonly taken to be similar 

measures of judgment accuracy, we found evidence to suggest that achievement was not 

a valid measure of accuracy in this study.  Specifically, while the actual number of 

correct judgments in our study increased with dilution (as measured by MSE), 

achievement scores indicated that participants’ performance decreased.   
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The implication of this finding is that in judgment situations with high dilution, 

achievement should be avoided as a measurement intended to indicate judgment 

accuracy.  Unfortunately, this finding may cast doubts on the validity of other findings 

that have been based on measurements of achievement.  New research must not assume 

that achievement and MSE are synonymous in terms of their utility; while achievement 

does measure elements of judgment performance (specifically trends in judgments), this 

measurement can become misleading, and should not be used as the sole measurement of 

judgment performance in future research. 
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 Figure 1 
 
Types of Feedback, and Their Placement on the Lens Model 
 

 

 

Types of Cognitive Feedback 
 

Definition Example 

1. Task Information -Information about how a cue should 
be used by a person making a 
judgment 

-You are guessing the income of person 
X, based on their education, and are told 
that the beta weigh between education 
and income is .52 

2. Functional Validity 
Information 

-Information about the relationship 
between a person’s judgment and what 
their judgment should be given the 
available information (a perfect 
judgment) 

-You are guessing the income of person 
X, based on their education, and are told 
that in your judgment policy, and that of 
a perfect policy are correlated at .80 
 

3. Cognitive Information -Information about how a cue is being 
used by a person making a judgment 

-You are guessing the income of person 
X, based on their education, and are told 
that your judgments indicate you are 
assuming a beta weight of .95 between 
education and income. 

On the left side of the diagram, labeled Ye, is the criterion, and on the right of the diagram, labeled Ys, is judgment.  The 

criterion is a symbolic representation of what a perfect judgment would be; if you can imagine traveling forward in time to see the outcome 

of some event, that outcome is the criterion.    A formal method of comparison between judgment and the criterion, called achievement, is 

the correlation between judgment and the criterion, and is used extensively in research to evaluate judgment of quantity.  Cues are 

represented in the lens model by the symbol Xi, and are positioned in the center of the diagram.  The lens model assumes that cues influence 

judgment in two ways.  On the left side of the lens model, typically called the validity side, we see that lines connect the criterion Ye with 

the cues via the notation re; re is how valid a particular cue is to the judgment at hand.  For example, the cue ‘temperature’ would be 

extremely important to a doctor trying to determine if a child has the flu.  In addition to the validity values on the left side of the model, 

each cue also has a corresponding line on the right of the model, called the utilization side, which is labeled rs.  These lines represent cue 

utilization, how the cue was ‘weighted’ in the judgment process.  Imagine a doctor who did not believe in the diagnostic value of a patient’s 

temperature when predicting the flu, despite the fact that fever and the flu are highly correlated.  In this situation, the lens model would 

assign a high value to this cue’s re (environmental validity), but a low value to the cue’s rs (doctor’s utilization).  
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Figure 2 

The Handwritten Portion of a Dilution Screen 

 

 

 

Figure 2b 

The Text Portion of a Non-Dilution Screen 

 

The highest level of formal schooling LH completed 

was three years of college. 
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Appendix 1 
 
The Informed Consent Form 

 
Improving Judgment in High Cue Situations 

Informed Consent 
 
We are investigating how people make educated guesses about other people.  
Specifically, we will analyze how you make educated guesses on a computer-based task.  
If you do not wish to participate in this study, please indicate this now or at any other 
time by informing the researcher.  This study will take approximately 2 hours to 
complete. 
 
This study does not pose any significant risk for participating beyond what would 
normally be encountered while using a computer.  The benefits of participation in this 
study include compensation (at $25/ 2 hours), and the chance to learn a little more about 
beta weights. 
 
Your participation in this study is completely voluntary.  You may discontinue your 
participation at any time without penalty.  You may choose to not answer any question(s) 
you do not wish to for any reason. 
 
Your information will be kept completely confidential.  All records of this study will be 
kept in a locked room in Greene Hall.  My advisor and I will only see these records.  The 
records will be kept for five years after the completion of the study and then promptly 
destroyed. 
 
If you have any questions or concerns, please feel free to call me at (work- 758 5743; 
home- 919 630 6449) or my advisor, Dr. Eric Stone, at 758 5729.  Also please feel free to 
contact wither of us via email at: youmrj1@wfu.edu or estone@wfu.edu . 
 
By signing below, you indicate that you have read and fully understand this document 
and agree to participate in this research project. 
 
Researcher 
 
________________________________________________ Date:___________________ 
Rob Youmans, Graduate Student, Wake Forest University 
 
Participant 
 
________________________________________________ Date:___________________ 
 
Please Print Name:_________________________________ 
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Appendix 2 
 
 The Task Information Feedback Sheet 

 
 (1.) For education, participants gave their total years of formal education starting with the first grade.  The 

average education level in our survey was a little over 13 years (one year of college). 
 

Analysis 1: The relationship between income and education in beta weights is  .52: 
 

 This means that for every additional year of education that a respondent had over the average, their average family income 
increased by a little over ½ an income category.   For example, the average respondent had an education level of one year of college, 
and an average family income just over $30,000 (an income category of 6.6).  Knowing that the beta weight between education and 
income was .52, if a respondent indicated that they had 2 years of college education (that is, 1 year more than average), we would 
expect an increase of about ½ of an income category above average (6.60 average income + beta weight of .52 = 7.12), and so we 
would make a guess of category 7.  Likewise, for a respondent who had only completed the 8th grade (that is, 5 years below average), 
we would expect the income category to drop (6.60 – 5*.52 = 4.00), and we should guess that the respondent had an income in 
category 4.   

(Income Categories) 
1 2 3 4 5 6 7 8 9 10 11 12 

Under 
$5000 

$5,000 
to 

$9,999 

$10,000 
to 

$14,999 

$15,000 
to 

$19,999 

$20,000 
to 

$24,999 

$25,000 
to 

$29,999 

$30,000 
to     

$34,999 

$35,000 
to 

$39,999 

$40,000 
to 

$49,999 

$50,000 
to 

$59,999 

$60,000 
to 

$74,999 

$75,000 
or over 

        average income category = 6.6   
   5       6       7       8       9     10      11     12    13      14      15    16      17    18     19      20      21                   

 (Minimum edu.)                                                                                                                      (Maximum edu.) 
 

                                                  Average education = 1 year college 
 
(2.) For time with relatives, participants used 7 categories to indicate how much time they spent doing 
something social with them (average = 3.5).   

Analysis 2: The relationship between income and spending social time with relatives is  -.007: 
 

 This means that there is almost no relationship between income and spending time doing something social with relatives.  
For example, even if the respondent indicates a 1 (the minimum category, which is 2.5 categories below average) for spending time 
with relatives, the predicted income would only change very slightly (6.60 + (–2.5*-.007) = 6.62).  Likewise, if a respondent classifies 
their time with relatives as a 7 (the greatest possible time), the predicted income again only changes slightly (6.60 + 3.5*-.007 = 
6.58).  Thus, this information is not very useful for predicting income.   

(Income Categories) 
1 2 3 4 5 6 7 8 9 10 11 12 

Under 
$5000 

$5,000 
to 

$9,999 

$10,000 
to 

$14,999 

$15,000 
to 

$19,999 

$20,000 
to 

$24,999 

$25,000 
to 

$29,999 

$30,000 
to 

$34,999 

$35,000 
to 

$39,999 

$40,000 
to 

$49,999 

$50,000 
to 

$59,999 

$60,000 
to 

$74,999 

$75,000 
or over 

        average income category  = 6.6     
   Category 7    |-| Category 1      

                                                            Average time with relatives = 3.5         
 
(3.) To indicate feelings about easy-listening music, participants used 5 categories to indicate how much 
they liked or disliked this music (average = 2.5). 

Analysis 3: The relationship between income and preference for easy listening music is  -.08: 
 This means that there is almost no relationship between income and preference for easy-listening music. For example, even 
if the respondent indicates a 1 (the minimum category, which is 1.5 categories below average) in terms of liking easy-listening music, 
the predicted income would only change very slightly (6.60 + (-1.5)*(-.08) = 6.72.  Likewise, if a respondent classifies their 
preference for this music as a 5 (the greatest preference), the predicted income again only changes slightly (6.60 + 2.5*-.08 = 6.40).  
Thus, this information is not very useful in terms of predicting income. 

 (Income Categories) 
1 2 3 4 5 6 7 8 9 10 11 12 

Under 
$5000 

$5,000 
to 

$9,999 

$10,000 
to 

$14,999 

$15,000 
to 

$19,999 

$20,000 
to 

$24,999 

$25,000 
to 

$29,999 

$30,000 
to 

$34,999 

$35,000 
to 

$39,999 

$40,000 
to 

$49,999 

$50,000 
to 

$59,999 

$60,000 
to 

$74,999 

$75,000 
or over 

        average income category = 6.6   
      Category 5 |--|  Category 1     

 
                                  Average feelings about easy-listening music = 2.5  
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Appendix 3 
 
 The Cognitive Information Feedback Sheet 

 
 

 (1.) For education, participants gave their total years of formal education starting with the first grade.  The 
average education level in our survey was a little over 13 years (one year of college). 
 
Analysis 1a: When you saw education information alone (in text, not handwriting), your guesses produced 

a beta weight of  ____ : 
 

This means that for every year of education that a respondent had over/under the average, your estimate of 
their average family income changed by ____ of an income category.   For example, the average 

respondent had an education level of one year of college, and an average family income just over $30,000 
(an income category of 6.6).  Your guesses indicated a beta weight between education and income of ____, 
so if a respondent indicated that they had 4 years of college education (that is, 3 year more than average), 

the predicted income based on your beta weight would be (6.60 average income) + (3 * beta weight of 
____ ) = ____, and so on average you made a guess of category ____. 

 
Analysis 1b: When you saw education information with other information (in handwriting), your guesses 

produced a beta weight of  ____ : 
  

This means that for every year of education that a respondent had over/under the average, your 
estimate of their average family income changed by ____ of an income category.   For example, the 

average respondent had an education level of one year of college, and an average family income just 
over $30,000 (an income category of 6.6).  Your guesses indicated a beta weight between education 

and income of ____, so if a respondent indicated that they had 4 years of college education (that is, 3 
year more than average), the predicted income based on your beta weight would be (6.60 average 
income) + (3 * beta weight of ____ ) = ____, and so on average you made a guess of category ____. 

 
(2.) For time with relatives, participants used 7 categories to indicate how much time they spent doing 
something social with them (average = 3.5).    
 

Analysis 2: When you saw information about time spent with relatives (in handwriting), your guesses 
produced a beta weight of           : 

 
 This means that for every category regarding time spent with relatives that a respondent changed 
from the average, your estimate of their average family income changed by ____ an income category.  For 
example, if the respondent indicated a 5 for spending time with relatives (that is, 1.5 over the average), the 
predicted income based on your beta weight would be (6.60 + (1.5*____ ) =  ____ ), and so on average 
you made a guess of category ____. 
 
                                                            
 
(3.) To indicate feelings about easy-listening music, participants used 5 categories to indicate how much 
they liked or disliked this music (average = 2.5). 
 
Analysis 3: When you saw information about feelings towards easy listening music (in handwriting), your 

guesses produced a beta weight of           : 
 

 This means that for every additional category about easy listening music that a respondent 
changed from the average, your estimate of their average family income changed by ____ an income 
category.  For example, if the respondent indicated a 4 for enjoyment of easy listening music (that is, 
1.5 over the average), the predicted income based on your beta weight would be (6.60 + (1.5*____ ) = 
____ ), and so on average you made a guess of category ____. 
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Appendix 4 

Talking Points of the Preliminary Meeting 

 Thank you all for coming today. Before we begin I’d like to start out by asking how many of you 

are familiar with the concept of beta weights? Can anyone tell me what they are, or give a 

definition of a beta weight? A beta weight is one way of numerically representing the relationship 

between one type of information and another. Specifically, a beta weight represents what will 

happen to one variable, if we change another. 

 For example, think about the relationship between the price of a bottle of wine, and age. As the 

age goes up, so does the price of the wine, and vice versa. Lets say we have 10 bottles of wine and 

on average they cost about $25 and are 5 years old. Lets say we can place the wine into 5 price 

categories:0-$10, $10-$20, $20-$30, $30-$40, and $40-$50. The average price category is about 3, 

and now lets say that we are told that the relationship between the age of the wine and these 

categories is (in beta weights) .2 . This tells us that for every year that the wine increased in age, it 

increased 2/10 of a price category from its average.  How many years would it need to be at the 

middle of category 4? What if it were 5 years old? How about if it were 0 years old? 

 Now lets look at a second example, lets say we have a bunch of used cars, car X, which sells brand 

new for around $10,000 (it’s a fairly cheep car!). Now, lets say that as the car gets older, we can 

place the value of the car roughly into 10 price categories: 0-1,000, 1,000-1,999, 2,000-2,999, ect., 

and that the average price of our cars is $6,500 (category 7) and on average is  7 years old. The 

point is that the older the car, the less the value.  This is an example of a negative relationship, and 

can be expressed by placing a negative sign in front of a beta weight. If we thought that the car 

would depreciate in value one category every two years, how would we express this in terms of 

beta weights? The answer is -.5, because for each year the car’s age goes up, the car’s price 

category falls by 1/2. That way, every two years the car drops into a lower price category. So, 

based on this info, if the car was nine years old, what would you guess the price category to be? 

The answer is category 6 , because for each year the car has lost 1/2 a category of value, to end up 

a full category below where it began. Finally, what would we guess if we knew nothing else about 

a car except the average price that one of that type sold for? Right, the average price. 
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Appendix 5 

Cue Categories 
 

Income 
 

CATEGORY 
1 2 3 4 5 6 7 8 9 10 11 12 

Under 
$5000 

$5,000 
to 

$9,999 

$10,000 
to 

$14,999 

$15,000 
to 

$19,999 

$20,000 
to 

$24,999 

$25,000 
to 

$29,999 

$30,000 
to 

$34,999 

$35,000 
to 

$39,999 

$40,000 
to 

$49,999 

$50,000 
to 

$59,000 

$60,000 
to 

$74,999 

$75,000 
or over 

Note. Participants in the general social survey indicated their answers on a slightly more 
delineated scale, however judgments about their answers made by participants in this 
study were made on the one listed above. 
 
 

Education 
 

Education information was given as the total number of years of formal schooling 
completed.  For example, an answer of 15 indicated that the person had completed 3 

years of college. The average education level in our study was 1 year of college. 
 

 
Spending Social Time With Relatives 

 
CATEGORY RESPONSE 

1 Once a year. 
2 Several times a year. 
3 Once a month. 
4 Several times a month 
5 Once a week. 
6 Several times a week. 
7 Almost every night. 

Note. General social survey participants were instructed to pick the category that most 
reflected how often they did something social with a relative. 
 
 

Easy Listening Music 
 

CATEGORY RESPONSE 
1 I dislike easy listening music very much 
2 I dislike easy listening music. 
3 I have mixed feelings about easy listening music. 
4 I like easy listening music. 
5 I like easy listening music very much. 

Note. General social survey participants were instructed to pick the category that most 
reflected how they felt about easy listening music. 


	Solutions to the Dilution Effect
	Hypothesis
	The goal of the present research was to create a reliable dilution situation in a laboratory, and to test the utility of cognitive and task information feedback within that context.  Dilution was said to be created when participants who were asked to mak
	Participants
	Design
	Computer Testing
	The Cues
	Table 1:  The Correlational Relationships Among Study Cues
	A Correlation Matrix of the 50 Non-Dilution Cues
	A Correlation Matrix of the 50 Dilution Cues
	Handwriting Samples
	Note that the non-diagnostic cues (time spent with relatives, opinions of easy listening music) had no significant effect on income, in the sense that even answers that were in the extreme (no time with relatives, liked easy listening music very much,
	Overview of Procedure
	Preliminary Meeting
	Computer Session 1
	Feedback Session
	Computer Session #2
	Education Beta Weights
	Residual Error
	Achievement
	Dilution Effects
	The Effects of Feedback
	Control
	Education beta weights.  Dilution in terms of education beta weights is defined as the difference between the education beta weights when the education cue was presented alone versus when the education cue was presented with non-diagnostic cues. Dilution
	t(30) = 2.04. p = .05, via a two-tailed paired samples t-test.
	Residual error. As shown in Table 6, the average change in residual error in the pre-feedback group due to dilution was .35, while the average post-feedback change was .26.  The difference, .09, was not significant, t(29) = .957, p = .347, via a two-ta
	Achievement.  As shown in Table 6, the average change in achievement in the pre-feedback task and cognitive information group due to dilution was .04, while the average post-feedback change was also .04.  Thus, there was no difference and no reason to pe
	Mean squared error.  As shown in Table 6, the average change in MSE in the pre-feedback group due to dilution was 1.36, while the average post-feedback change was 1.93.  The difference, .57, was not significant, t(29) = 1.09, p = .29, via a two-tailed 
	Can the Dilution Effect Be Eliminated?
	Why Did the Control Group Show a Reduction in Dilution?
	Can Cognitive Information Feedback Reduce Dilution?
	Why Did Dilution Have a Different Effect on Achievement and MSE?
	Kahneman, D., Slovic, P., & Tversky, A. (1982). Judgment under uncertainty: Heuristics and biases. London: Cambridge University Press.
	Types of Feedback, and Their Placement on the Lens Model
	�
	Types of Cognitive Feedback
	Definition
	Example
	Task Information
	-Information about how a cue should be used by a person making a judgment
	Functional Validity Information
	-Information about the relationship between a per
	-You are guessing the income of person X, based on their education, and are told that in your judgment policy, and that of a perfect policy are correlated at .80
	Cognitive Information
	-Information about how a cue is being used by a person making a judgment
	-You are guessing the income of person X, based on their education, and are told that your judgments indicate you are assuming a beta weight of .95 between education and income.
	Informed Consent
	Income
	Education
	Easy Listening Music

