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Abstract 

When people are asked to assign probabilities to a set of outcomes, they often add up to more 

than 1, or 100%, violating the norms of additivity. The present research investigated the role 

of numeracy in additivity neglect. Study 1 found that highly numerate participants exhibited 

less additivity neglect than the less numerate participants. Study 2 sought to replicate the 

findings from Study 1 while exerting more control over the numeracy test. This however led 

participants to become less additive. In Study 3 the numeracy test was given before the 

probability tasks in Condition 1, and after the probability tasks in Condition 2. The results 

showed that only the more numerate participants benefited from receiving the numeracy test 

first. Apparently, in order to give additive responses one not only needs a certain level of 

mathematical skills, one also needs to be reminded of using them. The results are discussed 

within a framework of class-based and case-based thinking. 
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Introduction 

Judgment and Decision Making psychology has since the “cognitive revolution” in the 

1960s focused on how people make decisions and judgments. One big area in this field is the 

heuristics and biases tradition, which at large has focused on how humans often make 

systematic errors in judgments, hence not complying with normative mathematical rules 

(Kahneman, 2003; Plous, 1993; Tversky & Kahneman, 1974). These results have frequently 

been interpreted as the use of heuristics leading to systematic biases. Many of these biases 

have been interpreted as human beings being irrational rather than having difficulties with 

mathematical concepts or limited cognitive abilities (Peters et al., 2006; Simon, 1955, 1956; 

Teigen, 2004).  

 

Subadditivity  

In life one often has to evaluate the probability of the different possible outcomes of 

an event. Given that only one outcome can occur in the end, the total probability of the 

different possible outcomes should not exceed 100%, according to the mathematical principle 

of additivity. However, in real life, this is not always the case. For example, football reporters 

sometimes give several teams a 50% (p = 0.5) chance each of winning a championship, 

although only one team can win (i.e., p(total) = 1). In other words, the sum of their stated 

probabilities adds up to more than 100%. This bias is often referred to as subadditivity, as the 

“probability of a whole is judged to be less than the sum of its parts” (Hastie & Dawes, 2001, 

p. 186). For instance, the probability of winning a championship can never be more than 1 or 

100%, but people’s judgments of the individual team’s chances can sum up to more than 1 or 

100%. 

  One can argue that there are two ways of looking at subadditivity. The first refers to 

the common finding that people assign lower probabilities to “packed” lists of alternatives, in 

comparison to “unpacked” lists of alternatives. In other words, people discount the 

alternatives that are not explicitly mentioned. For example, Fischhoff, Slovic and Lichtenstein 

(1978) showed this using fault trees in order to estimate probabilities of why a car will not 

start. In Experiment I three groups were given three different fault trees. The first group were 

given an “unpruned” tree containing 6 reasons for the car not starting and an “other” category 

(unpacked list). The second group and the third group had three of the branches omitted, 

where Group 2 had the opposite branches omitted than Group 3, both groups had the “other” 

alternative (packed lists). One hypothesis was that when important reasons were omitted from 
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the list (e.g., Group 3 did not have “battery” listed as a possible reason for start failure) this 

should ideally be detected and lead to an increased probability in the “other” post. However, 

the results showed that even though the participants showed some evidence of detecting that 

something was missing, the “other” posts for both Group 2 and 3 were significantly lower 

than the sum of the probabilities of the missing branches.  

One of the leading theories in explaining such findings is support theory (Tversky & 

Koehler, 1994). Support theory assumes that the judged probability of an unpacked 

description of an event will exceed the judged probability of a packed description of the same 

event. A classic example of this is from Tversky and Koehler (1994) where participants either 

estimated the probabilities of a person dying of unnatural causes (the packed description) or a 

person dying in a car accident, firearm accident, drowning, poisoning, and so forth (the 

unpacked description). As in the Fischhoff et al.’s (1978) study, the probability of “dying of 

unnatural causes” was judged as less likely than the sum of its constituent parts. Results like 

this have been interpreted as more detailed descriptions serving as reminders of relevant 

possibilities and thereby becoming more available to the participants (Fischhoff et al., 1978). 

The availability heuristic is a heuristic people use to judge the frequency or probability of an 

event based on how easy it is to bring similar events to mind (Tversky & Kahneman, 1973). 

Tversky and Koehler (1994) thus explain subadditivity with memory limitations, “out of sight 

– out of mind”. In regard to this type of subadditivity, the bias occurs due to a failure of 

unpacking the implicit hypothesis (death due to unnatural causes) into its constituent parts 

(car accident, firearm accident, drowning, poisoning, etc.).  

The second way of looking at subadditivity is when participants are asked to assign 

probabilities to all possible outcomes of an event. There has been two ways of doing this; 

within-subjects design or between-subjects design (Teigen & Brun, 2010). An example of the 

latter is found in Redelmeier, Koehler, Liberman, and Tversky (1995). Here four groups of 

physicians were asked to estimate one of four prognoses for a 67 years old patient with acute 

myocardial infarction. The results showed that physicians in each condition overestimated the 

probability of the prognosis that was explicitly mentioned. This provided the following 

average probability estimates: “Dying during admission” =14%; “surviving the admission but 

dying within one year” = 26%; “living for one year but less than ten years” = 55%; and 

“surviving for more than ten years” = 69%. These judgments add up to 164% rather than 

100% as required by the additivity principle. This result is explained by support theory as a 

failure to unpack the inevitable outcome (which is that the patient will die) into the 
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component parts of the prognosis (different time frames for when this will happen). It has 

been suggested that if one would give these tasks as a within-subjects design, participants 

would give additive answers (see for example, Koehler, Brenner, & Tversky, 1997). 

However, Teigen (1974) showed that this does not have to be the case. Participants were 

asked to estimate the probability of getting different samples of two types of fish (x-fish and 

y-fish) when fishing in a lake that had a ratio of 4 x-fish to every y-fish, for every 5 fish 

caught. The results showed that the sum of the participants’ estimates exceeded over 250% as 

a total probability. This was clearly a violation of the additivity principle. Given that only five 

fishes were caught, six different samples of fish would be possible ranging from zero x-fish 

and five y-fish; to five x-fish and zero y-fish. The probability estimates for the sum of these 

possible samples should have added to 1 or 100%.  

The term “subadditivity” may be less apt to describe the second version of 

subadditivity since it seems to imply that the sum is too small. In the latter case it seems more 

appropriate to say that the individual estimates are too high (Teigen & Brun, 2010). In 

addition, one could argue that even though these biases are similar, the underlying cognitive 

processes that account for them might not be the same. The similarity lies in people’s failure 

to realize that if one possible outcome is judged as very probable, all other possible outcomes 

will have a low probability of occurring. The difference between these biases is that the 

explanation for subadditivity is not easily applied for second type of findings. The second 

type seems to involve a failure to adhere to the additivity principle, especially in studies with 

a within-subjects design. In such studies an unpacked list of alternatives is presented, thus 

making all alternative outcomes available to the participants. This makes the explanation 

given by support theory, which is a bias occurring due to the availability heuristic and 

memory deficits, difficult to apply. In this thesis the term “subadditivity” will be used in cases 

where participants fail to unpack the full range of alternatives. The term “additivity neglect” 

will be used about cases where the sum of the individual estimates exceeds 1 or 100%.  

 

Additivity Neglect 

One frequent finding is that the probability estimates increases with the number of 

alternative outcomes (Robinson & Hastie, 1985; Teigen, 1983; Teigen & Brun, 2010). 

Typically, participants will be additive when only two possibilities are listed; as the number 

of alternatives increases, so does the participants’ additivity neglect. Teigen (1983) showed 

that when participants were given two mutually exclusive alternatives, most of them adhered 



4 
 

 
 

to the principle of additivity. In a second experiment, the participants were given three stories 

where one had four alternatives, the other seven alternatives, and the last had ten alternatives. 

The results showed that as the number of alternatives increased, so did the participants’ 

additivity neglect. Only 5 of the 57 participants consistently followed the principle of 

additivity throughout the three stories (Teigen, 1983).  

So why do people fail to adhere to the additivity principle? Teigen and Brun (2010, 

2011) suggest that this might be due to people considering the alternatives in a case-based 

manner instead of a class-based manner. If one uses a class-based approach, one distributes 

the total probability (100%) amongst the individual outcomes, using 1/n as the ignorance 

prior. For example, if one has four mutually exclusive alternatives the ignorance prior is 25% 

probability for each alternative. Then one adjusts the “default” probabilities upwards or 

downwards according to case information or beliefs. If one on the other hand uses a case-

based approach, one instead evaluates each alternative individually as if they are not part of a 

set of outcomes. An example of this is that the way one formulates the question can affect the 

approach used. Fox and Rottenstreich (2003) asked one group of students “what is the 

probability that next week, the hottest day will be Sunday”, and another group of students 

“what is the probability that Sunday will be hottest day of the week”. In the first group most 

students gave answers close to 1/7, whereas in the second group several students gave Sunday 

a 50% chance. Evidently this small difference in wording changed the question from being a 

question about the hottest day of the week (class of days) into a question pertaining to if 

Sunday would be hot or not (seen as one single case, not part of a week). Indeed, Teigen and 

Brun (2010, Experiment 2b) showed that presenting participants with tasks containing two 

alternatives first led to more additive responses in the following tasks containing four 

different outcomes. This indicates that if participants begin with tasks that encourage a class-

based approach this can facilitate additive responses.     

However, it turns out that the number of additive responses varies from one 

experiment to another. In other words, there seems to be additional factors, other than number 

of alternatives and encouraging class-based approaches, which can affect the degree of 

additivity neglect. For example, Teigen and Brun (2010, Experiment 3) asked participants to 

estimate different alternatives’ chances to win a ski-event. All participants were told that the 

Nordic countries usually do well in such events and that the Nordic countries are Norway, 

Sweden and Finland. Some were then asked for the probabilities of Nordic countries, Russia 

and other country (packed version); others were asked: Norway, Sweden, Finland, Russia or 
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other country (unpacked version). In other words, all were given a residual “other” 

alternative. Interestingly, the participants gave a large number of additive responses to these 

tasks. Two potential explanations were offered for this. First of all, the tasks included an 

“other” alternative. Unfortunately, this was given to all the participants, making it difficult to 

isolate the effect of such an alternative. Teigen and Brun (2010) hypothesize that in order to 

estimate the probability of such a residual alternative one might switch from a case-based 

approach to a class-based approach, because in order to identify this residual, one needs a 

concept of the total probability. In addition, the study used students from two different 

branches, namely psychology students and chemistry students. Interestingly, the chemistry 

students gave significantly more additive responses than the psychology students. This could 

suggest that the ability to adhere to the additivity principle requires a higher degree of 

numeracy, or a stronger mathematical orientation, that presumably is more common in a 

sample of natural science students than among psychology students. In other words, it might 

not be sufficient to prompt participants to think in a class-based manner if they do not have 

the sufficient underlying math skills. 

 

Numeracy 

Numeracy is considered to be the ability to reason with numbers and other 

mathematical concepts (Peters, et al., 2006). According to Reyna, Nelson, Han and Dieckman 

(2009) the term numeracy was coined in 1959 by Geoffrey Crowther of the U.K. Committee 

on Education as a word for “numeral literacy”. Numeracy, or basic math skills, is thought to 

be important in many aspects of life. Some studies have looked at heuristics and biases from a 

perspective of individual differences, like for example in SAT scores (see for example 

Stanovich & West, 2008). Such studies have yielded mixed results. Cognitive ability seems to 

be related to some biases, but is unrelated to others. Given that several heuristics and bias 

tasks can be solved mathematically, some studies have explored if individual differences in 

numeracy is associated with correct responses to these tasks.  

A large majority of the studies done on numeracy have been done within the scope of 

health numeracy. This is probably due to health decisions involving risk, and that successful 

communication of this risk is pertinent to people’s health. Understanding numerical 

expressions of risk often involves an understanding of frequencies, percentages, and 

probabilities (Lipkus, Samsa, & Rimer, 2001). Patients are becoming more involved in their 

own medical decision making, and often these decisions require an understanding and 
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interpretation of numbers, probabilities, risks, and so forth. In other words, they require some 

sense of numeracy. Throughout this literature several different views of the skills involved in 

health numeracy have emerged (for a discussion see Ancker & Kaufman, 2007; Lipkus & 

Peters, 2009), and several tests to measure this concept have been developed (for a review see 

Reyna et al., 2009).  

According to Peters et al. (2006) little research has examined the role of numeracy in 

judgment and decision tasks. This is despite the fact that many judgments and decisions rely 

heavily on understanding basic mathematical concepts. It stands to reason that in order to 

answer such tasks correctly one must have a certain level of math skills. Lately there have 

been conducted studies that focus on the possible connection between the non-normative 

answers and the participants’ numeracy; however, the results are not as straight forward as 

one would hope for. For example, Peters and Levin (2008) explored the possible role of 

numeracy in the well-known risky choice framing effect. They used five variants of the 

classical Asian Disease Problem (Tversky & Kahneman, 1981). The results showed that for 

both the highly numerate and less numerate participants, the framing effect was the same. The 

highly numerate showed a tendency towards a smaller framing effect, but this was not 

significant. However, Peters and Levin (2008) claimed that their results indicated that the 

highly numerate and less numerate used different processes for arriving at their choices. The 

basis for this was that the participants first evaluated the attractiveness of all the different 

options separately before making the decisions. The evaluations of the alternatives accounted 

for almost all the decisions made by the more numerate, but not for the less numerate. This 

was interpreted as the highly numerate having an increased tendency to integrate complex 

numeric information, and thereby being consistent throughout the tasks in regard to the 

construction of their preferences. Based on some pilot data the authors hypothesized that this 

difference could be due to the highly numerate having a higher working memory capacity 

compared to less numerate. In other words, the role of numeracy in framing was at best an 

indirect one, perhaps mediated by individual differences in working memory, as it did not 

affect the bias directly. However, in another study, Peters et al. (2006, Experiment I) found 

that participants with a higher numeracy score were less affected by attribute framing effects 

than those with a lower numeracy score.  

 Other studies have investigated the effect of numeracy in relation to the ability to solve 

Bayesian problems. These problems are based on conditional probability which is the 

probability of some event A, given the occurrence of some other event B. These problems are 
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classic in the Judgment and Decision Making literature (see for example Eddy, 1988) and 

often elicit a bias referred to as the base-rate fallacy (Bar-Hillel, 1980; Kahneman & Tversky, 

1973). One common discussion within this topic is that some studies have shown that the 

probability tasks that elicit base-rate neglect are easier to solve if they are framed in terms of 

frequencies rather than probabilities (see for example Gigerenzer & Hoffrage, 1995). In a 

study aimed to compare younger and older adults’ ability to solve such tasks, Galesic, 

Gigerenzer, and Straubinger (2009) showed that numeracy had an effect on solving base-rate 

problems regardless of the format (frequency vs. probabilities) they were presented in. In a 

similar study, Chapman and Liu (2009) found that only the highly numerate participants 

benefited from the frequency format. This suggests that a certain level of numeracy might be 

required in order to make use of the possible facilitating effect of having base-rates presented 

in frequency format, but again, the results are not entirely concurrent.  

The results from these studies indicate that numeracy can play a role in the ability to 

solve heuristics and bias tasks. However, it is possible that the effect varies between the 

different probabilistic puzzles and might in some cases even be an indirect effect. One can 

argue that in order to successfully solve heuristics and biases tasks two things must happen. 

First of all, one needs the mathematical abilities required to solve the task in question. 

Secondly, in order to apply the mathematical knowledge, one must realize that the knowledge 

is relevant for the task at hand. Based on the observation of chemistry students tending to be 

more additive than the psychology students, there might be reason to suspect an involvement 

of individual differences such as numeracy in additivity neglect (Teigen & Brun, 2010).  

 

Present Research 

 The main aim of the present work was to explore the role of numeracy in regard to 

additivity neglect. Three studies were performed. In Study 1 the participants were asked to 

estimate the probabilities of different outcomes where one alternative was a “residual/other” 

category, in order to test the hypothesis that participants given the “other” alternative will 

give more additive responses. In addition, some were given a task to predict a disjunctive 

outcome. In disjunctive tasks one must consider a disjunction of hypotheses, in other words, 

both the set of outcomes for event A and the set of outcomes for event B. In such cases an 

additive response would be a total of 200% instead of 100%. Participants were also given a 

test on numeracy. Study 2 aimed to replicate the findings in Study 1 in regard to numeracy 

using a more controlled procedure to prevent participants from changing their answers after 
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completing the Numeracy scale. Moreover, additional disjunctive tasks were included to 

further explore the relationship between tasks where probabilities should add up to 100% and 

tasks where the totals can be higher (like 200 or 300%) due to disjunctive events. Study 3 

used the same tasks, and included a condition where the numeracy test was given as a priming 

procedure by being presented before the probability tasks.  

 To my knowledge no one has studied the possible connection between additivity 

neglect and numeracy. For the present work a Norwegian translation of the numeracy test 

developed by Lipkus and colleagues (2001) will be used to measure the participants’ 

numeracy. This test is an extension of Schwartz, Woloshin, Black, and Welch’s (1997) test, 

which only included three questions. Lipkus and colleagues (2001) added eight questions to 

the original test.   

 

Study 1 

The first aim of Study 1 was to see if the inclusion of an “other” alternative would 

lead to more additive responses. The second aim was to see if numeracy is associated with 

more additive responses for exhaustive sets of outcomes. The third was to see if numeracy is 

related to “local” subadditivity, that is, whether an unpacked subset of alternatives would add 

to more than the packed residual alternative named “other”. The fourth aim was to see if the 

participants would extend the additivity principle to disjunctive situations where the total 

would add to more than 100%. For example, the chances of five teams to be the winner of a 

tournament should add up to 100%, but their chances of being among the two best teams 

(No.1 or No.2) should be 200%, since we are speaking of two disjunctive outcomes.  

The study consisted of two parts, where the first part consisted of four probability 

tasks assumed to elicit additivity neglect, and the second part was a numeracy test (Lipkus et 

al., 2001). Given that additivity neglect is influenced by number of alternatives, each 

probability task had either four or five alternatives listed. Three of the four probability tasks 

involved predictions of real future events. Previous studies have shown that additivity neglect 

can occur, to about the same extent, both with tasks that are real and hypothetical in nature 

(Teigen & Brun, 2010).  

 The study had two main conditions. In Condition 1 the participants got unpacked lists 

of alternatives, listing four or five specific alternatives for each task. The lists were either 

exhaustive or close to exhaustive, by omitting alternatives that were considered much less 

likely than those listed. In Condition 2, one alternative was replaced with an “other” category, 
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which made the lists exhaustive. Thus, additive responses in Condition 1 should add up to 

100% or less than 100%, whereas additive responses in Condition 2 should be 100% in all 

cases. For one vignette there were in addition two subconditions (1b and 2b) where half of the 

participants received a question with disjunctive outcomes, where the probabilities should add 

up to 200% instead of 100%. All participants were given a Norwegian translation of the 

Lipkus et al. (2001) numeracy test at the end of the probability questionnaire.  

 

Method 

Participants and procedure. Participants completing the questionnaire were 165 

students attending an introductory course in psychology at the University of Oslo, and the 

data were collected during a break. There were 122 women and 43 men, and the mean age of 

the participants was 22 years. The questionnaires were mixed so that the participants were 

randomly allocated to the four different versions by receiving different conditions of the 

questionnaire.  

Design and questionnaires. The participants were first asked to indicate their gender 

and age. All the probability tasks were in the same order, and everyone got the numeracy test 

at the end of the questionnaire. The participants were instructed to give their probability 

estimates as numbers between 0 and 100%, where 100% meant that the specific alternative 

would definitely happen. The participants were not compensated for their participation.  

Election task. The first task asked the participants about the probabilities of different 

government constellations as an outcome of the next general election in Norway in 2013. In 

Condition 1 the list of alternatives consisted of the four most probable options: Majority 

government led by the Labor Party, Minority government led by Labor, Government led by 

the Conservative Party, and Government lead by the Progress Party. This meant that there 

were still several outcomes that could in principle occur, but these would be much less likely. 

In Condition 2 the “Minority government” alternative was exchanged for “Other government 

constellation”.  

Nobel Peace Prize task. The second task asked the participants to estimate the 

probabilities of this years’ Nobel Peace Prize laureate coming from Europe; Asia; North-

America; South-America and Africa/”Other”. The participants were told that in the last 20 

years 5 of the winners had come from the American continent and 8 had come from Asia. 

This information was not easy to apply (“impossible” some participants claimed), but could 

offer an indication of the prize usually going to an area that either has serious conflicts, or is 
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involved in serious conflicts. The data collection was conducted only days before the 

announcement of the 2010 laureate1.  

Unexpected death task. The third task described a man reading an obituary in the 

newspaper realizing the deceased was someone he went to school with many years ago. He 

then pondered what might have happened. The participants were then asked to estimate the 

probability for each of the following causes of death: a cerebral hemorrhage, a heart attack, 

cancer or an accident/”other”. In contrast to the other prediction tasks, this task was purely 

hypothetical.  

Football task. The fourth and last task differed from the previous three on three 

accounts. First of all, there were 4 different versions and included therefore conditions 1b and 

2b. Secondly, all of the lists were exhaustive. Thirdly, half the participants were given a 

disjunctive version where the sum should add to 200%. The participants were asked to 

estimate the probabilities of each country in Group H of the European Championship 

qualifying games, of either being the winning team of Group H, or which two teams will be 

among the two best, thus having a chance to qualify for the European Championship. In this 

task all the sets of alternatives was exhaustive, as the participants either had all the countries 

listed (Norway, Denmark, Portugal, Iceland, and Cyprus) or three alternatives plus an “other” 

category (Norway, Denmark, Portugal, and “other country”). This means that in the versions 

asking for the winner, additive responses should add to 100%; the versions asking for being 

among the two best teams should add to 200%. The participants were given the information 

that two of eight games had already taken place, along with the outcomes of these games. In 

addition all the teams were explicitly listed, which meant that the participants knew what 

constituted the unpacked list of alternatives even if they received the packed version of the 

task (for a detailed description of the vignettes, see Appendix A).  

Numeracy test. All the participants were given the numeracy test by Lipkus et al. 

(2001) at the end of the questionnaire. The numeracy test consists of 11 simple mathematical 

problems that focus on probabilities, proportions, and percentages. Examples of the questions 

are: “Imagine that we roll a fair, six-sided die 1,000 times. Out of 1,000 rolls, how many 

times do you think the die would come up even (2, 4, or 6)?” and “If Person A’s risk of 

getting a disease is 1% in 10 years, and Person B’s risk is double that of A’s, what is B’s 

risk?” (see Appendix B for the entire set of questions).  

                                                 

1 The Nobel Peace Prize Laurate of 2010 was Liu Xiaobo from China. 
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Results 

Table 1 displays the average estimates for the different alternatives in the two main 

conditions. As is clear from Table 1, there are very small differences in mean estimates 

between the two conditions. In other words, the participants’ probability estimates were rather 

unaffected by the inclusion of a residual alternative.  

 
Table 1 
Mean probability estimates for each alternative in two conditions  

 
Condition 1  

(unpacked list) 
Condition 2  
(packed list) 

Task M n M n 

Election task     
Labor Party majority government 42.6 80 41.4 85 
The Conservative Party 34.7 80 37.2 85 
The Progress Party 19.8 80 19.3 85 
The Labor Party minority government 34.1 80 - - 
Other - - 24.3 84 

Sum 
 

131.2 80 122.0 85 

Nobel Peace Prize      
Europe 17.8 80 21.0 84 
Asia 34.0 80 35.3 84 
North America 23.5 80 24.5 84 
South America 23.2 80 25.0 84 
Africa 19.0 80 - - 
Other - - 19.0 84 

Sum 
 

117.5 80 124.9 84 

Unexpected death      
Cerebral hemorrhage 17.4 79 16.5 85 
Heart attack 23.2 79 22.2 85 
Cancer 32.9 79 33.6 85 
Accident 39.1 79 - - 
Other - - 44.1 85 

Sum 
 
 

112.5 79 116.4 85 

Football  No. 1 (a)      
Norway 40.5 41 38.6 45 
Denmark 34.9 41 34.1 45 
Portugal 33.2 41 28.2 45 
Iceland 9.9 41 - - 
Cyprus 20.0 41 - - 
Other - - 18.2 44 

Sum 
 

138.4 41 118.7 45 

Football  No. 1 or No. 2 (b)     
Norway 45.2 37 46.4 40 
Denmark 38.3 36 38.5 40 
Portugal 31.1 36 29.8 40 
Iceland 13.6 36 - - 
Cyprus 22.0 36 - - 
Other - - 19.6 37 

Sum 147.4 37 132.8 40 
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The mean numeracy score was 9.6 (median = 10) out of 11 possible. In other words, 

most of the participants performed well on this measure which made the distribution highly 

skewed. This was not unexpected since the participants were students who are already 

selected based on academic performance. A median split was performed on the measure, 

dividing the participants’ into a highly numerate group (scores of 10 and 11) and a less 

numerate group (scores below 10).  

Additivity neglect can be observed in two different ways: By computing probability 

sums for each task, and by recording the number of participants who produced additive 

responses (sums equal to 100%). In the first case, we assume participants to be less additive 

the more the sums depart from (exceed) 100%. In both cases, we can compare the total 

probability sums for the highly numerate with the sums for the less numerate. 

The mean estimates for the less numerate and for the highly numerate in the Election 

task was 136% and 121%, respectively; in the Nobel Peace prize task mean estimates for the 

less numerate was 130% and 116% for the highly numerate; in the Unexpected death task the 

mean for the less numerate was 123% and 110% for the highly numerate. Independent t-tests 

revealed that the differences between the highly numerate and the less numerate were 

significant for the Election task (t(105) = 2.04, p = .044) and the Unexpected death task 

(t(162) = 2.05, p = .042), but not for the Nobel Peace prize task (t(98) = 1.63, p = .081). For 

the No.1 Football task the mean estimates were 119% for the less numerate and 133% for the 

highly numerate (t(84) = -1.05, p = .298). In the disjunctive (No.1 or No.2) Football task the 

mean estimates for the less numerate was 144% and 137% for the highly numerate (t(75) = 

.47, p = .639). In other words, neither of the Football tasks had significant differences in total 

probability estimates based on numeracy.  

Table 1 shows that the 100% rule is violated in all tasks, as the sums are consistently 

higher than 100%. However, the mean sum scores conceal the fact that more than half of the 

participants answered the tasks in an additive manner. For the Election task 51% answered in 

an additive manner; 67% in the Nobel Peace prize task; 69% in the Unexpected death task. 

Interestingly, in the Football task 58% of the participants answered in an additive manner in 

the No.1 task, but only 5% in the disjunctive task. Due to the Football tasks having four 

conditions, separate analyses were conducted for this task. 

Our main expectations were that the participants in Condition 2 would be more 

additive than the participants in Condition 1, and that highly numerate participants would be 

more additive than those scoring low on numeracy. For this purpose the participants’ additive 
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responses for the first three tasks were added up to a total additivity score. This means that the 

participants could get an additivity score between 0 and 3. Cronbach’s alpha for the three 

items was .774. The mean number of the total additivity scores for each group is displayed in 

Table 2. 

 
Table 2  
Means and Standard Deviations of additive responses for participants with high and low 

numeracy 

Condition 

High numeracy (n = 104)  Low numeracy (n = 59) 

M SD M SD 

Condition 1 (Unpacked list) 2.12 1.11 1.64 1.06 

Condition 2 (Packed list) 2.06 1.22 1.32 1.25 

 

A 2x2 ANOVA was conducted with the total additivity score as the dependent 

variable and with condition (unpacked list vs. packed list) as one factor and numeracy group 

(high vs. low) as the second factor. The results showed a significant main effect of numeracy, 

where F(1,163) = 15.70, p = .002. This means that the more numerate participants responded 

in a more additive manner regardless of condition. There was no effect of the packed or 

unpacked list of alternatives in regard to additivity neglect, nor was there an interaction effect. 

The two conditions were combined for the subsequent analyses. 

The Football task was analyzed separately because it had four conditions. Independent 

t-tests were conducted to check if the differences between the main conditions were 

significant. As in the other tasks they were not (No.1: t(62) = 1.63, p = .108; No.1 or No.2: 

t(56) = 1.05, p = .298). The data for each condition were therefore combined for the 

subsequent analyses. As mentioned, 58% of the participants answered in an additive manner 

in the No.1 task, but only 5% in the disjunctive task. Additionally, 40% of the participants in 

the disjunctive task had sums that added to 100%. This suggests that few participants realized 

that this task should add to 200% even if it asked for the two best teams. In addition there 

were no significant differences in the average sums (see Table 1) between the single outcome 

(a) and disjunctive outcome (b) versions of the task (t(161) = - 1.30, p = .196). This further 

supports the notion that the participants did not realize the difference between the first three 

tasks and the disjunctive Football task.  

Chi-Square tests were performed for each task between additive responses (yes/no) 

and numeracy group (high/low). In the No.1 Football task 59% of the highly numerate 

participants answered in an additive manner, as did 55% of the less numerate participants. In 
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other words, there was no significant effect of numeracy for this task (χ2(1, N=88) = 0.14, p = 

.711). Nor was there an effect of numeracy in the disjunctive Football task where 4% of the 

highly numerate participants gave additive answers, and 6% of the less numerate participants 

(χ2(1, N=77) = 0.17, p = .683).  

In regard to subadditivity, statistical tests were performed on both the Football tasks. 

As seen in Table 1, the mean estimates of Cyprus and Iceland combined in Condition 1 is 

significantly larger than the mean estimates of “other” in Condition 2.  The estimates of 

Cyprus and Iceland were added for each participant in Condition 1, and a 2x2 ANOVA was 

conducted with the estimates of the packed and unpacked alternatives as the dependent 

variable and numeracy (high/low) as one factor and condition (unpacked/packed) the second 

factor. The results for the No.1 task showed a F(1,85) = 6.57, p = .012 for the main effect of 

condition. For the disjunctive task the ANOVA also yielded a significant main effect of 

condition with F(1,73) = 9.39, p = .003. This means that the expected effect of the unpacked 

alternatives adding to more than the packed alternative is seen in both Football tasks. 

Numeracy did not have any effect on this bias, as the highly numerate participants displayed 

the same level of bias as the less numerate.  

 

Discussion  

The present study showed no effect of including a residual alternative. Regardless of 

the inclusion of the “other” alternative a majority of participants produced additive estimates. 

As seen in previous numeracy/bias studies it is evident that numeracy does not have a clear 

role – it had an effect on additivity neglect in some tasks (Election task, Nobel price task and 

Unexpected death task) but not in the Football tasks. In other words, there was a tendency for 

highly numerate participants to give more additive responses than the less numerate, but this 

was not consistent through all four tasks.  

The results from the Football tasks are interesting for several reasons. First of all, 

numeracy has no effect on additive responses in this task. Secondly, very few participants 

seemed to understand that the disjunctive Football task should add to 200%. Thirdly, there 

was very little difference between estimated probability of winning and estimated probability 

of becoming amongst the two best teams. As many as 40% responded to the disjunctive task 

with probabilities adding to 100%, indicating that they continued the same pattern of response 

as in the first three tasks. In addition, based on the Football tasks, it appears that numeracy 

was not related to additivity neglect. 
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The hypothetical Unexpected death task was the task where most participants gave 

additive responses. It is possible that the responses to the other three tasks were influenced by 

prior knowledge and interest concerning the respective topics. It could therefore be interesting 

to ask participants to rate their interest in the respective topics. For example, Dougherty and 

Hunter (2003a) found that the strength of alternatives affected additivity neglect2. In other 

words, if several strong alternatives are listed, the total probability for the set of outcomes 

increases. This could indicate that the participants who are more interested in the topics 

presented in the tasks would think that several of the outcomes are quite probable, thus 

leading to higher probability estimates. It could therefore be interesting to explore this further.  

During the data collection, which took place in a lecture theatre, it was observed that 

some participants collaborated and some were even observed using calculators. This could 

have led to inflated scores in numeracy and could even have raised the percentage of additive 

responses. Based on this, we decided to run a second study under better controlled conditions.  

Increasing the control could also shed light on another observation. Inspection of 

individual questionnaires revealed that a large number of participants had corrected their 

original answers on the probability tasks. This could indicate that the participants had altered 

their answers after seeing the numeracy test. This suggests that alerting participants to the 

possibility of applying mathematical principles can change the way they respond to the 

probability tasks. For example, Bless, Betsch, and Franzen (1998) found that when 

participants were exposed to context cues, such as subtly introducing risky option framing 

tasks as statistical problems, the framing effect disappeared. Based on this we introduced a 

separate variable indicating whether or not an answer had been changed. As many as 56% of 

the participants had changed at least one of their responses. As seen in Table 3, the changes 

appear to have resulted in more additive responses, rather than non-additive responses. Chi-

Square tests revealed significant differences for all tasks except the disjunctive Football task 

(which only had a total of four additive responses). 

 

 

 

 

 

                                                 
2 Dougherty and Hunter use the term “subadditivity”, but the task and the design of the study 

is similar to what the present study refers to as “additivity neglect”. 
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Table 3 
Numbers of additive and non-additive responses changed, and Chi-Square values  

Task  
(n = answers changed) 

Additive responses changed  
(n = total additive responses) 

Non-additive responses changed 
(n = total non-additive responses) χ

2 (1) 

Election task (45) 34 (84) 11 (81) 15.04*** 

Nobel prize task (41) 33 (109) 8 (55) 4.82* 

Unexpected death task (39) 33 (113) 6 (51) 5.90* 

Football No.1 (20) 18 (51) 2 (35) 10.18*** 

*p < .05; *** p < .001 

 

This indicates that those who had changed their answers gave more additive responses 

than non-additive responses. Again, these results only point to a possibility that seeing the 

numeracy test made the participants alter their answers. The answers could have been 

changed at any time during the testing session. It is still of interest to observe that most 

changes went in the direction of additive responses, rather than in the opposite direction.  

 

Study 2 

Study 2 was partly designed as a replication of Study 1 while exerting more control 

over the administration of the numeracy test. This was done by separating the probability 

questionnaires and the numeracy test by packing them in separate envelopes. The participants 

were given large envelopes that contained both the questionnaire and the numeracy test, both 

in separate, smaller envelopes. The envelopes with the probability tasks were labeled “Part 1” 

and the envelopes containing the numeracy test were labeled “Part 2”. This was done so that 

the participants would not see the numeracy test before they answered the questionnaire, in 

case the numeracy test would alert them to the use of mathematical principles as indicated in 

Study 1. The participants were instructed to finish the first part and return the questionnaire to 

the envelope and close it before proceeding to Part 2. This was done to prevent the 

participants from altering their answers to the probability questions after seeing the numeracy 

test. The instructions to the numeracy test for Study 2 emphasized that they had to work 

independently and were not allowed to use a calculator.  

There were two conditions. Half the participants were given single outcome 

probability tasks where the additive responses should add up to 100% or less (Condition 1), 

and the other half were given disjunctive probability tasks where the additive responses 

should add to more than a 100% (Condition 2). This was in order to further explore the 

finding from Study 1 where very few participants gave additive responses in the disjunctive 

Football task. It was observed in Study 1 that several participants seemed to follow the same 
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answering mode as the three preceding single outcome tasks. Participants in Condition 2 were 

therefore only given disjunctive probability tasks. It stands to reason that if the participants 

thought in an additive manner, the responses in Condition 2 should add to twice or thrice the 

total probabilities of the participants in Condition 1.      

 

Method 

Participants and procedure. Altogether 122 participants finished the questionnaire, 

92 women and 30 men. The mean age of the participants was 23 years. The participants were 

all students attending an introductory course in psychology at the University of Oslo. The data 

was collected during a break between lectures. The participants were given an instant lottery 

ticket as a compensation for participating since this meant that they did not get a break 

between the classes. The questionnaires were mixed so the participants were randomly 

allocated to one of the two conditions.  

Design and questionnaires. In Part 1 of the study the participants were asked to state 

their gender and age, followed by three tasks testing additivity neglect, and one task that was 

to be used in an unrelated study. The study had two different conditions. Participants in 

Condition 1 received tasks where additive responses would require sums of 100% or less 

(single outcomes). In Condition 2 the participants got the disjunctive outcome tasks. All the 

tasks were given in the same order, and everyone got the same numeracy test in Part 2.  

The participants were asked to indicate their answer for each alternative by circling a 

number between 0 – 100% given as a scale that listed every tenth number (i.e. 0 – 10 – 20 – 

etc.).  After answering the question, the participants were asked how interested they were in 

the given topic (ski sports, football and politics). They rated their interest on a scale from 1 

(not interested) to 7 (very interested).  

Two of the tasks used in Study 1 were discarded. The Nobel Peace prize task was no 

longer applicable since the 2010 laureate had already been announced. The Unexpected death 

task was also eliminated as it seemed odd to ask people how interested they were in causes of 

death. In addition it would be difficult to come up with a disjunctive version.  

The World Ski Championships 2011. The first task given was a question pertaining to 

the FIS Nordic World Ski Championships 2011, which was due to take place in Oslo from the 

23rd of February to the 6th of March, 2011. The participants were asked either to rate the 

probability of a skier from each country out of 5 favorites (Norway, Russia, Switzerland, 

Sweden, and the Czech Republic) to win the 50 km cross-country for men (Condition 1) or 
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their chances of becoming amongst the three countries receiving a medal3 (Condition 2). 

Since there are several candidates that were not mentioned, this list was not exhaustive. This 

meant that for the participants who were asked “who will win”, the probabilities for the 

countries listed should add up to less than 100%, and not exceed 100%. For the participants 

that received the disjunctive condition it is more difficult to estimate what an additive 

response would be. Participants could have other countries than those listed in mind as most 

probable to win the medals. In any case, with three medals the answers to this question should 

be, on average, three times larger than the probability estimates given in Condition 1.  

Football task. The second task given was the Football task from Study 1 where the 

participants were asked to estimate the probabilities of each country in group H of the 

European Championship qualifying games, of either being the winning team of group H 

(Condition 1), or be amongst the two best teams (Condition 2). At this point several more 

games had been played compared to the time of Study 1, and the participants were given a 

table that gave an overview of how many games each team had been played; how many 

games where left; how many they had won/lost/tied; and how many points they had acquired.  

Election task. For Condition 1 this task was the same as in Study 1, where they were 

asked about the probabilities of different government constellations’ winning the next general 

election in Norway in 2013. For Condition 2 the participants were asked to rate the 

probabilities of the different parties becoming a part of the government. The alternatives 

given in Condition 2 were the Labor Party, the Socialist Left Party of Norway, the 

Conservative Party and the Progress Party. Due to the electoral system in Norway, coalition 

governments are very common, and the last three governments have been coalitions. Thus, the 

alternatives given in the disjunctive version do not mutually exclude each other. 

Consequently, the estimated probabilities in Condition 2 should be substantially larger than 

answers in Condition 1 for this task also (for a detailed description of the vignettes, see 

Appendix C).  

Numeracy test. All the participants were given the numeracy test by Lipkus and 

colleagues (2001) as in Study 1. In addition, 3 questions were added to the end of the test in 

an attempt to increase the variance in numeracy. These questions were: ”Imagine that you roll 

two fair, six-sided dice once. What is the probability of the sum of the dice being: (a) 12, (b) 

11, and (c) 10”.   

                                                 
3 Norway won the gold and bronze medals, and Russia won the silver medal, so actually, only 

two countries won medals. 
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Results  

In order for the participants’ responses to be considered additive their answers should 

add to 100% or less in Condition 1 and to 200% (football) or close to 300% (ski) in Condition 

2. It is difficult to estimate what a normative response to the disjunctive Ski task and 

disjunctive Election task should be. Additive and non-additive responses for the disjunctive 

tasks is perhaps best explored using the disjunctive Football task given that the chances of 

becoming amongst the two best teams is 200%. One team will win and one team will be 

second best. However, for all tasks additivity would require that the responses in Condition 2 

should be at least twice as large as the estimates given in Condition 1. As seen in Table 4, 

independent t-tests revealed that the participants in Condition 2 gave significantly higher 

responses than the participants in Condition 1, although these are far from twice as large. 

 
 
Table 4  
Mean estimates for each alternative based on condition and t and p – values from the 

independent t-tests for each task 

Task Condition 1 Condition 2 t p 

Ski Task     
Norway 70.0 83.4   
Russia 52.8 63.8   
Switzerland 40.0 51.0   
Sweden 55.0 58.9   
Czech Republic 37.0 49.7   

Sum 
 

254.8 305.6 - 3.29 0.001 

Football task      
Norway 61.9 66.9   
Denmark 51.5 60.7   
Portugal 64.2 69.4   
Iceland 17.1 20.9   
Cyprus 23.0 30.3   

Sum 
 

216.9 248.1 - 2.69 0.008 

Election task     
The Labor Party majority 
government 

49.8 68.7   

The Conservative Party 46.8 62.1   
The Progress Party 29.2 48.7   
The Labor Party minority 
government 

46.1 -   

Socialist Left Party of Norway - 48.4   
Sum 171.8 227.9 - 6.30 0.000 

 

 



20 
 

 
 

In addition, a comparison between the responses in Study 1 and 2 showed that 

participants were significantly less additive in the second study. The mean sum of probability 

estimates for the Election task was 126% for Study 1 and 172% in Study 2. An independent t-

test revealed that this is a highly significant difference (t(223) = - 6.83, p = .000). For the 

Football tasks the averages for the No.1 (a) condition was 144% and 217% for Study 1 and 2 

respectively (t(134) = - 6.75, p = .000), and for the disjunctive (b) condition the average for 

Study 1 was 125% and 248% for Study 2 (t(89) = - 12,18, p = .000). Consequently, fewer 

participants in Study 2 gave additive responses. In Condition 1 only 15% gave additive 

responses in the Ski task; 10% in the Football task; and 17% in the Election task. This was 

surprisingly few additive responses compared to Study1.  

 Given the hypothesis that participants’ more interested in a topic might judge several 

outcomes as quite probable, thus increasing their probability estimates, they were given a 

chance to indicate their interest after each task on a scale ranging from 1 - 7. The average 

interest for each topic was 2.74 for ski sports, 2.57 for football, and 3.46 for politics. 

Independent t-tests revealed a significant difference in interest based on gender for football 

(t(39) = - 3.28, p = .002) and politics (t(55) = - 2.50, p = .015). Correlations were estimated 

between the total probability estimates for each task and the rated interest in the respective 

topic. The results showed a significant correlation for the two Ski tasks only (single outcome 

task: r(58) = .296, p = .022; disjunctive outcome task: r(58) = .254, p = .05). In other words, 

the more interested the participants were in ski-sports, the higher total probability estimates 

they gave. This might be because those more interested were able to recognize that for 

example both Switzerland and the Czech Republic had good skiers who were considered 

favorites.  

The mean numeracy score was 9.3 (median = 10), which was slightly lower than in 

Study 1, but this was not a significantly lower numeracy score compared to the results from 

Study 1 (t(284) = 1.36, p = .176). In other words, the less stringent control over the 

administration of the numeracy test in Study 1 had not significantly affected the numeracy 

scores. Very few participants answered the three extra numeracy questions correctly (22% for 

the first question; 9% got the second question correct, and 15% got the last question correct). 

The mean of the two combined numeracy tests was 9.8 (an increase of only 0.459) and the 

median was still 10. These questions were therefore excluded from the analysis, and only the 

results from the original Lipkus numeracy scale were used for further analysis.  
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As in Study 1, a median split was performed on the measure dividing the participants 

into a highly numerate group and a less numerate group. In Condition 1 the mean estimates 

for the highly numerate in the Ski task was 236% and for the less numerate 278%; in the 

Football task the mean estimates for the less numerate was 228% and 208% for the highly 

numerate; in the Election task the mean for the less numerate was 170% and 173% for the 

highly numerate. Independent t-tests revealed that the differences between the highly 

numerate and the less numerate were not significant for any of the tasks, although the Ski task 

was close to significant (t(58) = 1.96, p = .055). Chi-square tests were performed in Condition 

1. The results showed no significant differences in number of additive/non-additive responses 

between the highly numerate and the less numerate. This was an unexpected result based on 

the results from Study 1, but not so surprising based on the low number of additive responses 

in Study 2.  

Given that so few participants gave additive responses in Condition 1, it seems that 

few thought in an additive manner. This implies that it might be equally unlikely that the 

participants in Condition 2 thought in an additive manner. For example, 44% gave responses 

between 0-300% in the Ski task, but this might reflect the same high probability estimates 

seen in Condition 1. This is further indicated by only 1.6% answering the disjunctive Football 

task in an additive manner. Due to this, comparisons were made on the sums of the 

probability estimates based on numeracy groups. The results showed that the mean for the 

less numerate in the Ski task was 322% and 294% for the highly numerate; in the Football 

task the mean estimates for the less numerate was 263% and 238% for the highly numerate; in 

the Election task the mean for the less numerate was 239% and 220% for the highly numerate. 

Individual t-tests showed that even if the differences went in the right direction, there were no 

significant differences between the highly numerate and the less numerate in the disjunctive 

tasks.  

 

Discussion  

 The results from Study 2 were curious. Very few participants responded in an additive 

manner and this applied to both the highly numerate and the less numerate participants. It 

seems, as evident in previous bias/numeracy studies, that numeracy does not necessarily have 

a straight forward connection to additivity neglect. Two possible explanations presented 

themselves.  



22 
 

 
 

As mentioned, whilst inspecting the individual questionnaires from Study 1, it was 

evident that several participants had altered their answers at some point, possibly after seeing 

the numeracy test. Based on the results from Study 2 it seemed interesting to explore this 

further. In Study 1, 57% of the participants had changed at least one of their answers 

compared to only 18% in Study 2. In light of this it seems possible that that the administration 

of the numeracy test in Study 1 served as a context cue that led them to alter their responses to 

become more additive (for examples of context cues see Bless et al.,1998; Hsee & 

Rottenstreich, 2004). One way of exploring this could be to use the numeracy test as a 

priming procedure by presenting it before the probability questions.   

The second possible explanation was that the response format was changed from 

Study 1 to Study 2. In Study 1 the participants gave their estimates for each alternative by 

assigning numbers between 0 – 100%. In Study 2 they circled a number between 0 – 100% on 

a scale for each alternative. This was done to make it easier for participants to answer. In 

retrospect this can have made it so easy they just circled away without giving the assigned 

probabilities much thought. 

In regard to the disjunctive tasks it seems unlikely that the high probability estimates 

in Condition 2 reflects additive responses in the sense that participants realized that the total 

probabilities should be more than 100% due to disjunctive outcomes. This is further indicated 

by only 1 out of 62 participants answering the disjunctive Football task in an additive manner 

(the probabilities adding to 200%). It is therefore unlikely that the majority of participants had 

an understanding of what the probabilities should add up to, even though there were 

significant differences between the conditions. One way of exploring this further would be to 

give both versions of the task in a within-subjects design.  

 

Study 3 

Study 3 was designed to try to answer the questions raised by Study 1 and 2 

concerning the entire effect of numeracy. Study 1 and 2 differed in regard to control over the 

numeracy test, and the difference in additive responses indicated that the numeracy test might 

alert the participants to become more additive. Hence, in Study 3, half the participants were 

given the numeracy test first and the second half was given the numeracy test last. This 

manipulation would make it possible to see if the numeracy test did alert the participants to 

think in a more mathematical manner when answering the probability tasks. It also made it 

possible to see whether the highly numerate and less numerate differed in their responses to 
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having the numeracy task presented first. If the manipulation had an effect, it could affect all 

the participants equally regardless of numeracy; alternatively, it could affect only the highly 

numerate or only the less numerate.  

 In addition, all participants were now given both versions of the probability tasks, 

meaning that both the single outcome versions and the disjunctive versions of the tasks were 

given to all the participants in a within-subjects design. This allowed for a more direct 

comparison between these two types of tasks. The question was whether the participants 

would understand the difference in the probabilities of becoming No.1 or becoming amongst 

the two best, and that the probability doubles in the latter.  

 

Method 

Participants and procedure. Altogether 97 participants completed the questionnaire, 

71 women and 26 men. The average age of the participants was 21 years. The participants 

were all first year psychology students at the University of Bergen4. The data was collected at 

the end of a lecture, and the participants were given an instant lottery ticket as a compensation 

for participation. The participants were given large envelopes that contained both the 

questionnaire and the numeracy test and as in Study 2, both in separate smaller envelopes. 

The questionnaires were mixed so that the participants were randomly allocated to one of the 

two conditions. 

Design and questionnaires. The participants’ in Condition 1 received envelopes 

where the numeracy test was labeled “Part 1” and the probability questionnaire was labeled 

“Part 2”. The participants in Condition 2 were given envelopes where the probability 

questionnaire was labeled “Part 1” and the numeracy test was labeled “Part 2”. Regardless of 

condition all participants were instructed to complete Part 1 first and return it to the envelope 

before they started on Part 2. When Part 2 was completed they were to put everything back 

into the large envelope and close it. All participants were asked to state their gender and age 

in Part 1. The tasks in the probability questionnaire were all given in the same order, starting 

with the Ski tasks, then the Football tasks, and the Election task at the end. In addition, the 

probability questionnaires were all counterbalanced, where half received the single outcome 

versions first, and the other half received the disjunctive versions first.  

                                                 
4 We want to thank Benedicte Ekman, Lars Kristian Hæhre, and Kim Tore Vigdel, psychology 

students at the University of Bergen for collecting and entering the data as a part of their term paper in 

cognitive psychology.  
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To indicate their estimates for each alternative the participants were asked to circle a 

number on a scale between 0 – 100%. This was the same scale used in Study 2, in case the 

response format had an effect. After answering the question, the participants were asked how 

interested they were in the different topics and to rate their interest on a scale from 1 (not 

interested) to 7 (very interested).  

The World Ski Championships 2011. The first task given was the same question 

pertaining to the FIS Nordic World Ski Championships 2011 which was given in Study 2, 

only this time all the participants were given both versions of the task. In other words, the 

participants were asked to rate both the probability of each country, out of 5 favorites, to win 

the 50 km cross-country for men, and the same countries’ chances of becoming amongst the 

three countries receiving a medal. The alternatives given were Norway, Russia, Switzerland, 

Sweden, and the Czech Republic. The data collection took place four days before the event 

occurred.  

Football task. The second task given was the Football task from Study 2, and again, 

all participants were asked to estimate both the probabilities of each country being the 

winning team of group H, and the probabilities of the same countries to be among the two 

best teams in this group.  

Election task. This task was the same as the one given in Study 1 and to participants 

in Condition 1 in Study 2. They were asked to state the probabilities of different government 

constellations’ as an outcome of the next general election in Norway in 2013. This task only 

included the single outcome version (for a detailed description of the vignettes, see Appendix 

D). 

Numeracy test. All the participants were given the numeracy test by Lipkus and 

colleagues (2001). 

 

Results 

 Individual t-tests revealed no significant differences in the total sums for each task 

between those that got the single outcome tasks presented first or those that got the 

disjunctive tasks first. The results from these two subconditions were therefore combined for 

subsequent analyses.   

 The mean probability estimates for the different tasks based on condition are displayed 

in Table 5. The sums of the probability estimates are quite high, but there appears to be some 

difference between the conditions. There is also a difference between the single outcome tasks 
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and the disjunctive tasks, but these are not so large in regard to all participants estimating both 

tasks.  

In addition, there were clear differences in numbers of additive responses between the 

conditions. Chi-Square tests were performed for each single outcome task between additive 

responses (yes/no) and condition (numeracy test first/last).  For the No.1 Ski task, 66% of the 

participants gave additive responses to the probability estimation tasks in Condition 1, after 

they had completed the Numeracy scale, whereas only 30% did so in Condition 2, where they 

started with the probability tasks (χ2(1, N=97) = 12.72, p = .000).  For the No.1 Football task 

41% gave additive responses in Condition 1; 19% in Condition 2 (χ2(1, N=95) = 5.05, p = 

.025). In the Election task 39% answered in an additive manner in Condition 1; 13% in 

Condition 2 (χ2(1, N=96) = 8.43, p = .004). It appears as the numeracy test has acted as a 

“prime”, prompting the participants to think in a more mathematical manner in the subsequent 

probability tasks. 

 

Table 5 
Mean probability estimates for each alternative based on condition  

Task 

Single outcomes Disjunctive outcomes 

Condition 1  
Numeracy first 

Condition 2 
Numeracy last 

Condition 1 
Numeracy first  

Condition 2 
Numeracy last  

Ski Task      
Norway 50.7 65.1 64.6 78.9 
Russia 25.3 40.4 43.8 54.1 
Switzerland 20.7 33.8 37.0 45.7 
Sweden 32.1 44.7 51.1 59.8 
Czech Republic 20.3 28.5 33.4 39.1 

Sum 
 

149.1 212.6 229.9 277.6 

Football task     
Norway 60.8 56.5 69.2 66.5 
Denmark 41.2 46.5 50.8 56.3 
Portugal 45.7 58.7 54.8 68.9 
Iceland 12.9 18.9 14.8 20.9 
Cyprus 17.6 25.2 19.2 29.6 

Sum 
 

178.2 205.9 208.8 242.2 

Election task     
Labor Party majority 
government 

45.1 54.3 - - 

The Conservative Party 43.0 44.9 - - 
The Progress Party 21.1 26.2 - - 
The Labor Party minority 
government 

36.4 41.3 - - 

Sum 145.6 166.6 - - 
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Table 6 displays the correlations between numeracy and the probability sums for the 

single outcome tasks based on condition. It appears that when the numeracy test is given prior 

to the probability tasks, there is a negative correlation between numeracy and probability 

estimates. In other words, lower probability estimates are related to higher numeracy. There 

are no significant correlations in Condition 2 where the participants received the numeracy 

test after the probability tasks.  

 

Table 6 
Correlations between the single outcome tasks and numeracy based on condition 

Condition Ski task Football No.1 task Election task 

Condition 1 (numeracy first) -.391** -.484** -.428** 
Condition 2 (numeracy last) -.117 .027 -.163 

** p < .01 

 

The total additivity score was computed for all participants based on the number of 

additive responses they had on the single outcome tasks. This meant that the participants 

could obtain a total additivity score between 0 and 3. Cronbachs alpha was .806, which is a 

good correlation between the three additivity items.  

The mean numeracy score was 9.6 and the median was 10. As in the previous studies a 

median split was performed dividing the participants into two groups, the highly numerate 

and the less numerate. Table 7 shows the means for the total additivity score based on 

condition and numeracy. As seen in Table 7, the highest mean for all the groups is the mean 

for the highly numerate in Condition 1. A 2x2 ANOVA showed that there is a significant 

interaction effect of numeracy and condition with F(1,92) = 6.61 and p = .013.  

 
Table 7 
Means and Standard Deviations for Total Additivity Score based on numeracy and 

experimental condition 

Condition 

High numeracy Low numeracy 

M SD M SD 

1: Numeracy test first 1.49 1.12 0.50 0.97 
2: Numeracy test last 0.46 0.95 0.67 0.91 

 

Figure 1 displays the percentage of additive responses for the single outcome tasks 

based on condition and numeracy group. This result indicates that it is not enough to be 

reminded of thinking mathematically; one also needs to possess the mathematical skills 

necessary in order to adhere to the principle of additivity.  
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Figure 1. Percentage of additive responses for each of the single outcome tasks based on 

condition and numeracy. 

 

The average interest for each topic in Study 3 was 3.21 for ski sports, 2.86 for football, 

and 3.09 for politics. Correlations were estimated between the total probability estimates for 

each task and the rated interest in the respective topic. The results revealed a significant 

negative correlation for the No.1 Football task only. Closer investigation revealed that this 

was only significant for the low numeracy group in Condition 2 (r(17) = -.51, p = .024). In 

other words, in this group, the less interested the participants were in football, the higher total 

probability estimates they gave. Interestingly, this group had only 19 participants, where more 

than 90% were women. In addition, the only significant difference in interest based on gender 

was for football (t(33) = - 3.51, p = .001). This finding is difficult to interpret, but based on 

this and the result from Study 2, one can assume that interest, at best, does not have a clear 

connection to probability estimates.   

The other interesting result from Study 3 was the within-group comparisons between 

the single outcome tasks and the disjunctive tasks. Paired-samples t-tests revealed that 

regardless of condition and numeracy, the total probability estimations for the single outcome 

version and disjunctive outcomes version were significantly higher in the latter for both tasks. 

For the Ski task, the mean for the single outcome was 180% and 253% for the disjunctive 

outcome (t(94) = - 7.61, p = .000). For the single outcome Football task the mean was 192% 

and 225% for the disjunctive task (t(93) = - 6.54, p = .000). Given the interaction effect of 

numeracy and condition, individual t-tests were conducted based on these factors. Table 8 

shows the means of the total estimates for each task, based on condition and numeracy. The 

participants estimates are significantly higher in the disjunctive tasks (except the Football 
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tasks for the less numerate group in Condition 1), but the differences are rather small. In other 

words, it seems like the participants understood that the probabilities for the disjunctive tasks 

should be higher than for the single estimates, but they fail to realize that they should be two 

or three times higher.  

 

Table 8  
Mean of total probabilities for all tasks based on condition and numeracy and paired t – test 

values  

Task 

Condition 1 (Numeracy first) Condition 2 (Numeracy last) 

Single 
outcome 

Disjunctive 
outcome t 

Single 
outcome 

Disjunctive 
outcome t 

Ski task High numeracy (n) 135.1 (35) 215.3 (35) - 4.02*** 231.5 (26) 283.8 (26) - 4.37*** 

Ski task Low numeracy (n) 223.0 (10) 278.0 (10) - 2.38* 189.1 (20) 269.5 (20) - 4.17** 

Football task  

High numeracy (n) 163.4 (34) 201.5 (34) - 4.29*** 222.7 (26) 251.5 (26) - 3.32** 

Football task  

Low numeracy (n) 246.0 (10) 258.0 (10) - .62 184.0 (20) 230.0 (20) - 4.32*** 

*p < .05; **p < .01 ***p < .001 

 
Again, it is difficult to estimate the normative probabilities for the disjunctive Ski task. 

In the disjunctive Football task only 11% of the participants gave additive responses, and 69% 

gave responses between 0-300% in the disjunctive Ski task. It is possible that the latter was an 

inflated result due to generally high probability estimates; not necessarily that the participants 

understood the full difference between the versions of the tasks. This was further indicated by 

only 11 out of the 95 participants trebled their estimates (only three went from 100% to 

300%) from the single outcome Ski task to the disjunctive version. In the Football tasks 16 

out of 94 participants had doubled their estimates from the single outcome version to the 

disjunctive version. Only seven gave total estimates of 100% in the single outcome task and 

200% in the disjunctive version.  

 

Discussion  

The results from Study 3 indicate that numeracy is important in two ways. In order to 

give additive responses one needs a certain level of mathematical skills. In other words, the 

highly numerate seem better equipped to solve these types of questions. However, in order to 

make use of these abilities, one apparently needs to be reminded of thinking mathematically. 

The numeracy test seemingly serves as such a reminder. Teigen and Brun (2010, Experiment 

1b) gave two of the groups the same task, where the heading read “Probability calculation” 
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for one group, and “Driver’s test” for the other group. This did not affect the results. It 

appears that simply giving the participants a hint that this could have something to do with 

math was not enough. Unfortunately, Teigen and Brun did not include a numeracy test, so we 

do not know to what extent individual differences in numeracy affected the results.  

In regard to within-group comparisons between the single outcome tasks and the 

disjunctive tasks, this does not seem to have had a large effect. As in Study 2, which 

employed a between-subjects paradigm, the differences between the two tasks are significant 

(apart from one), but the probabilities are not necessarily adjusted sufficiently in the 

disjunctive tasks. However, in Study 2, only 1.6% answered the disjunctive Football task in in 

an additive manner. In Study 3, several more (11.3%) of the participants did so. This could 

indicate that using a within-group paradigm led to some more additive responses, but this 

must be explored more stringently in order to gain more accurate insight.  

 

General discussion 

The present study demonstrated that when people are asked to assign probabilities to a 

set of outcomes, the sum of these probabilities often add up to more than 1, or 100%, thereby 

violating the norms of additivity. As previously demonstrated by Teigen and Brun (2010) the 

degree of addtivity neglect varies from one study to another, indicating that several factors 

can influence additive responses. This research’s main aim was to investigate the role of 

numeracy in additivity neglect. Study 1 found that highly numerate participants exhibited less 

additivity neglect than the less numerate participants. The inclusion of a residual alternative 

did not affect the degree of additive responses (i.e., this “hint” was apparently not helpful in 

making participants think in a class-based manner). Study 2 sought to replicate the findings 

from Study 1 while exerting more control over the numeracy test. In Study 2 however, very 

few participants gave additive responses regardless of numeracy. Two possible reasons were 

suggested. First of all, the procedure in Study 2 prevented the numeracy test from alerting the 

participants to make use of mathematical principles. Secondly, participants in Study 2 were 

required to answer on a scale, circling the probability for each alternative, instead of filling in 

probabilities to each alternative by writing. Both might have affected the degree of additivity 

neglect. In Study 3 the numeracy test was given before the probability tasks in Condition 1, 

and after the probability tasks in Condition 2. The result from Study 3 indicated that only the 

more numerate participants benefited from receiving the numeracy test first. Apparently, in 
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order to give additive responses one not only needs a certain level of mathematical skills, one 

also needs to be reminded of using them. 

The second aim of the present research was to investigate additivity neglect for 

disjunctive tasks. In disjunctive tasks participants are asked to estimate the probability of 

several outcomes happening, for instance the probability of winning or becoming second best. 

With mutually exclusive outcomes, the probability of a disjunction will be the sum of the two 

component probabilities. Such disjunctions require the participants to deal with more than one 

hypothesis at the time. For example, in the disjunctive Football task, participants are not only 

considering the hypothesis “who will win?”, but also the hypothesis “who will be number 

2?”. Study 1 indicated that few people realized that the two probabilities should be added, and 

that several continued to answer in the same mode as the preceding single outcome tasks. 

Study 2 further explored this finding by comparing estimates from participants who were 

given single outcome tasks (Condition 1), with participants who were given disjunctive tasks 

(Condition 2). The differences in the total probability sums between the conditions were 

significant, but the probabilities in Condition 2 were far from twice as large as those in 

Condition 1. Study 3 was designed to explore this further by giving both the single outcome 

versions and the disjunctive outcomes versions to the same participants. The within-subjects 

comparisons indicated that some participants realized that disjunctions were more probable 

than single outcomes, but very few doubled or trebled their estimates. Further studies could 

give participants tasks that separately asked for the probability for becoming No.1, the 

probability of becoming No.2, and the probabilities for the disjunction of becoming amongst 

the two best, in a within-subjects design. In neither study the responses to the disjunctive 

tasks were related to numeracy.    

 

Numeracy  

In general, it seems that the more numerate participants are less susceptible to 

additivity neglect, particularly when reminded of thinking in a mathematical manner. It is 

apparently not enough to have the mathematical abilities; one also has to be prompted to use 

them. This is in line with previous findings that show that the mindset affects the judgments 

made (Bless, et al., 1998; Hsee & Rottenstreich, 2004). For example, Hsee and Rottenstreich 

(2004) found that when people were to value second-hand box sets of either 5 or 10 Madonna 

CDs, those primed with feeling gave prices that reflected how much they liked the items, 
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rather than the quantities. Participants primed with calculation, gave prices where the 

quantities of the items were taken into account.  

But why does the Numeracy scale have such an effect? Several possible explanations 

present themselves. First of all, there is a possibility that the numeracy test, which contained 

several questions about percentages, reminded participants with some knowledge of 

probability theory, that the additivity principle was relevant to the tasks at hand. Indeed, if 

participants are tutored on the laws of probabilities prior to answering such tasks, they 

respond in an additive manner (Robinson & Hastie, 1985). However, if this was the case, one 

would expect close to perfect correlations between the answers to the different tasks. As 

indicated by the Cronbach alphas reported in Study 1 and Study 3, this was not the case. For 

example, 7% answered one task out of the four in an additive manner in Study 1; 21% 

answered two tasks in an additive manner, and 28% answered three tasks in an additive 

manner. Clearly, even if some participants realized that the additivity principle was relevant 

to the tasks at hand, this does not fully account for our findings.  

Secondly, as suggested earlier, it seems possible that the numeracy test at least made 

the more numerate participants view the alternatives in a class-based manner instead of a 

case-based manner. Teigen and Brun (2010) suggest that people often fail to adhere to the 

principle of additivity because they adopt a case-based approach and thereby consider each 

alternative separately. However, if this is the case, two questions present themselves. How is 

this related to numeracy, and what are the underlying cognitive processes for these different 

approaches? 

The dual-systems approach. The common finding of systematic errors in judgments 

that do not comply with normative mathematical rules, have frequently been interpreted as the 

use of heuristics leading to systematic biases. In the case of subadditivity, the availability 

heuristic (but also the representative heuristic) have often been implicated in the cognitive 

foundation for this bias (Tversky & Koehler, 1994). One debate regarding the use of 

heuristics is whether we are aware of our own biases or not. Some claim that people are 

mostly unaware of their use of heuristics and therefore are unaware of their biases 

(Kahneman, 2003); others claim that people are aware of their intuitive response, and that it 

might be wrong, but that they simply fail to inhibit the biased response (e.g. Epstein, 1994; 

Sloman, 1996). In light of this, several dual-process theories have been put forth (for a 

review, see Evans, 2008). For example, Kahneman and Frederick (2002, 2005) developed a 

dual-process theory of probability judgment. This theory refers to System 1 as a more 
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automatic, intuitive system, and System 2 as a more analytical and cognitive demanding 

system. According to Evans (2008), System 2 thinking is often associated with working 

memory, and that this can account for the more slow and low-capacity nature of System 2. In 

addition, it can account for individual differences. Kahneman and Frederick (2002, 2005) 

claim that System 1 judgments are based on heuristics and that this leads to systematic biases; 

whereas the more analytical reasoning from System 2 may intervene with these judgments 

and improve them. This could indicate that working memory is needed for more analytical 

reasoning. Interestingly, Evans (2008) claims that one of the stronger foundations for a dual-

systems theory is the evidence that more controlled cognitive (System 2) processing correlates 

with individual differences in for example working memory capacity, whereas more 

automatic (System 1) processing does not correlate with such individual differences. 

This could be an explanation to the observed additive responses in Study 1 and 3. 

Perhaps System 1 favors a case-based way of assigning probabilities, whilst System 2 utilizes 

a class-based approach. Interestingly, something similar has also been suggested for mental 

calculations. For example, Logie, Gilhooly, and Wynn (1994) used a dual-task paradigm 

where participants performed mental calculation tasks either alone or whilst performing a 

secondary task. The results showed that even if the participants made more calculation errors 

whilst performing these secondary tasks, the size of the errors were not that big. In other 

words, they made more mistakes, but the answers they reported were close to the correct 

answer. Based on this they suggested that there are two systems for solving arithmetic 

problems: one that maintains accuracy and one that allows for reasonable guesses. The first 

system becomes disrupted by the secondary task load, but the second does not. As the authors 

mention, this is also in line with fuzzy trace theory (Reyna, 2004; Reyna & Brainerd, 1995). 

This can suggest that the administration of the numeracy test in Study 1 and Study 3 

(Condition 1) “activated” System 2 thinking (using Kahneman and Frederick’s labels) or the 

more “accurate” system (according to Logie et al. and Reyna), and thereby allowing for a 

more class-based thinking. Interestingly, Kahneman and Frederick (2002, 2005) claim that the 

roles of the two systems depends on features of the task at hand and the individual, like for 

example mood and intelligence. The problem however, is that assigning labels does not 

further the understanding of the role of numeracy in additivity neglect. What makes the more 

numerate participants able to think in a class-based manner in comparison to the less 

numerate participants?  



33 
 

 
 

Hypothetical thinking and the role of working memory. Assigning probabilities to 

possible outcomes of events requires hypothetical thinking. Studies have shown that people 

often compare one focal outcome (Norway will win) with at least one alternative outcome 

(Sweden will win) (Windschitl & Wells, 1998). As mentioned in the Introduction, Peters and 

Levin (2008) suggested that individual differences in working memory could account for the 

finding that the highly numerate seemed better able to integrate complex numeric 

information. In some interesting studies on additivity neglect5, Dougherty and Hunter (2003a; 

2003b) proposed that the number of alternative outcomes that can be compared with the focal 

outcome, is in part restricted by individual differences in working memory capacity. Using a 

thought-listing task, they found that high span participants generated, on average, almost 

twice as many alternate alternatives than the low span participants when estimating the 

probability for the focal outcome (Dougherty & Hunter, 2003b). In other words, high span 

participants included more alternatives when evaluating the focal alternative. In addition, 

when the participants later estimated the probabilities for all eight alternatives, the high span 

participants exhibited less additivity neglect (M = 223% for total sum) than the low span 

participants (M = 335% for total sum). Working memory capacity was accordingly negatively 

correlated with additivity neglect, much like numeracy in the present study. Several studies 

suggest that working memory is involved in mental calculations (see for example Arsalidou & 

Taylor, 2011; Logie et al., 1994). This can indicate that working memory is involved when 

participants answer the numeracy scale. Additionally, Cokley and Kelley (2009) reported a 

positive correlation between working memory span and numeracy, using the O-span measure 

(as did Dougherty and Hunter) and the Lipkus numeracy test. It is therefore possible that the 

underlying mechanism of numeracy is related to individual differences in working memory 

capacity.  

Dougherty and Hunter (2003b) hypothesize that participants should be more additive 

as the number of alternatives used in the comparison process increases. We hypothesize that 

this is due to a higher working memory span allowing of a more class-based approach (seeing 

the alternatives as a whole set of possible outcomes) as opposed to a case-based approach 

(evaluating the focal alternative against one other alternative at a time), and that this might be 

the difference between the high-span and low-span participants. Or in other words, having a 

higher working memory capacity enables more alternatives to be incorporated in the 

                                                 
5 Dougherty and Hunter (2003a; 2003b) call it subadditivity, but the paradigm corresponds 

with what the present study refers to as additivity neglect. 
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evaluation process, thus allowing for a more class-based approach. One way of further 

exploring this would be if one gave participants numeracy tasks first (as in Study 3) and gave 

them a secondary task load, for example a spatial memory task or a word memory task, in 

between the probability tasks. This would occupy the working memory, which is suggested 

necessary for System 2 reasoning, during the probability tasks and possibly eliminate the 

effect of the numeracy test. If the ability to solve heuristics and bias tasks correctly is, as often 

suggested, based on a different type of reasoning, occupying System 2 with a secondary task 

would prevent the more numerate participants from “benefiting” from the numeracy test.  

 

Difference in Response Format 

 The finding of the numeracy test functioning as a “primer” for the highly numerate in 

Study 3 explains to a certain degree the number of additive responses in Study 1, where some 

of the participants presumably went back and corrected their answers after completing the 

numeracy test. However, there is still a possibility that the change of the response format 

contributed to the amplified additivity neglect observed in Study 2. In a recent experiment, 

conducted after the previous studies were completed, Teigen (unpublished data) gave the 

Football task to a new group of students, comparing the effects of the two different response 

formats. The results showed that when the participants were to give their answers generating 

their own “lists” of probabilities (as in Study 1), the sum of these probabilities were 

significantly smaller than when they answered by circling numbers on a scale (as in Study 2 

and 3). For the No.1 Football task, the mean sum for the “list” format was 150% and for the 

“scale” format the mean sum was 205%. In other words, it appears that the additivity neglect 

in Study 2 was not only due to the increased control of the administration of the numeracy 

test, but also due to the change in the response format. It is possible that having to generate 

the probabilities oneself might lead to a more class-based mode of answering; perhaps due to 

increased effort activating System 2 reasoning. Interestingly, Arsalidou and Taylor (2011) 

showed that mere number tasks, as perhaps the scale version can resemble, do not require the 

same prefrontal activation (assumed reflecting working memory involvement) as calculation 

tasks. On a similar note, the observed difference in additivity neglect might also be affected 

by the spatial layout of the response format; the vertical presentation format in Study 1 bears a 

resemblance to math problems requiring addition, whereas the horizontal scale used in Study 

2 and 3 might facilitate a case-based approach where one evaluates each country’s probability 

consecutively.  
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Disjunctive Probability Tasks 

 All three studies have shown that participants have difficulties with sufficiently 

adjusting their estimates when the normative probabilities add to more than 100%. Given that 

the Football task has clear normative answers for both versions, this might be the task that 

illustrates this phenomenon best. Throughout the studies presented here, very few participants 

answered the disjunctive Football task in an additive manner, regardless of being given only 

disjunctive tasks (Study 2) or together with single outcome tasks (Study 3). Normatively 

speaking the chance of becoming one of the two best teams should be twice as large as 

winning, but people seem to think that this is not the case. The participants consistently 

judged the probabilities of becoming one of the two best teams as only slightly more probable 

than winning. In the recent study mentioned above, Teigen (unpublished data) gave different 

students, in addition to the two versions used in the present paper, a third version of the 

Football task. This version asked participants in one condition to estimate each team’s 

probabilities of becoming “number two”, in other words, the second best team. Normatively 

speaking, the probability of becoming the “two best teams” should be the sum of “winning” 

and becoming “number two”. It was not. The results showed that the participants consistently 

thought it was more probable to win than to become second best, and the sum of the two 

alternatives greatly exceeded the probability of becoming the “two best teams”. In addition, 

the finding replicated that participants viewed “winning” and becoming the “two best teams” 

as roughly the same. In other words, the participants exhibited subadditivity.  

In order to be additive in these tasks one must consider a disjunction of hypotheses – 

both each team’s chances of becoming No.1 and each team’s chances of becoming No.2. The 

disjunctive tasks were not related to numeracy. It is possible that this is due to what Evans, 

Over and Handley (2003; Evans, 2006) refer to as the singularity principle. The singularity 

principle states that people can only think of one hypothesis or mental model at the time. This 

is in contrast to the more normative account of the Judgment and Decision Making literature, 

which posits that one should simultaneously hold in mind different hypotheses and weigh 

their alternatives at the same time. Evans et al. (2003) claim that people can only think of one 

possible hypothesis at the time, and although they might consider several possible hypotheses 

sequentially, they do not do so simultaneously. For example, when considering the hypothesis 

“who will win the 50 km cross-country for men”, one might be able to think of different 

outcomes, but one cannot simultaneously think about the hypothesis “who will become 

number 2”. It has already been suggested that the more numerate participants might be able to 
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think in a more class-based manner due to higher working memory spans. Interestingly, 

Evans (2006) claims that people have great difficulties with disjunctive tasks, other examples 

of such tasks are THOG – tasks (Wason & Brooks, 1979), due to limitations in working 

memory capacity. This indicates that even if individual differences in working memory 

capacity might be an underlying factor for a more class-based reasoning, a high working 

memory span will not suffice when considering more than one hypothesis at the time. This 

could be a possible reason for why numeracy was unrelated to the disjunctive probability 

tasks.  

 

Subadditivity and Additivity Neglect 

 In the Introduction of the present study it was suggested a distinction between 

subadditivity and additivity neglect. These biases are similar in the sense that people fail to 

understand that if one outcome is judged as very probable, all other possible outcomes will 

have a low probability of occurring. However, studies of subadditivity have either used a 

between-group paradigm where the different groups have been asked to judge one or a subset 

of alternatives (Tversky & Koehler, 1994); other studies have instructed participants to make 

sure their answers add up to 100% (e.g., Fischhoff et al.,1978). The main explanation for the 

findings is a memory deficit due to availability. This explanation seems insufficient for 

additivity neglect and the results from the present study further supports a distinction between 

subadditivity and additivity neglect.  

First of all, the present study and several others have shown that people do not 

necessarily make sure that their sums add to 100%, unless specifically instructed to do so. 

Secondly, several studies have shown that as the number of alternatives increase, so does the 

sum of participants’ probability estimates.  In addition, in the present study and in Teigen and 

Brun (2010, Experiment 3), the participants could see all the unpacked alternatives. For 

example, the task used by Teigen and Brun (2010), pertained to a ski-event. All participants 

were told that the Nordic countries usually do well in these events and that the Nordic 

countries are Norway, Sweden and Finland. Some were then asked for the probabilities of 

Nordic countries, Russia and other country (packed version – one alternative: Nordic 

countries); others were asked: Norway, Sweden, Finland, Russia or other country (unpacked 

version – three alternatives: Norway, Sweden, and Finland). The unpacked version led to 

significantly higher probability estimates than the packed one. The explanation offered by 

support theory cannot explain this finding since the participants could see what constituted the 
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packed alternatives. The same was found in Study 1 of the present study. The unpacked list of 

all the alternatives in both the Football tasks led to significantly higher estimates than the 

“other team” alternative, and again the participants were informed on the same page of which 

teams constituted group H. The main difference between the conditions was the number of 

alternatives; the packed version had one alternative, the unpacked had two alternatives. There 

was not a significant difference in the total probability estimates between these two 

conditions, although the differences went in the right direction. In addition, the three other 

tasks only changed in regard to which alternative was listed (for example, Minority Labour 

Party government or other government constellation) but the number of alternatives were held 

constant. The results showed a significant difference for the Election task only. In other 

words, this indicates that the subadditivity effect predicted by support theory disappears in 

some instances if the numbers of alternatives are held constant. This of course does not imply 

that subadditivity does not exist. It merely indicates that when studying subadditivity, one 

must be aware of the effect of the quantity of listed alternatives. Future studies could explore 

this difference further by keeping the number of alternatives constant for both packed and 

unpacked conditions. 

The distinction between the two biases might also lend support for a distinction 

between the underlying cognitive processes that account for them. One could argue that 

subadditivity is due to problems in unpacking a packed hypothesis and that this reflects a 

problem with retrieving possible outcomes from long term memory. Additivity neglect on the 

other hand, seems to be due to differences in class-based and case-based ways of thinking. If 

one thinks in a case-based manner this might be due to limitations in working memory 

capacity, limiting the number of alternatives one can incorporate in the comparison process.  

 

Conclusion 

Additivity neglect occurs when people’s assigned probabilities to a set of outcomes 

add up to more than 1, or 100%, thereby violating the norms of additivity. Previous studies 

have indicated that several factors influence this bias. The present studies demonstrate wide 

variations in additivity neglect, dependent on procedural differences, response format, and 

individual differences in numeracy. The results showed that when the numeracy test was 

given before the probability tasks, the more numerate participants responded in a more 

additive manner than the less numerate participants. This indicated that in order to give 

additive responses one not only needs a certain level of mathematical skills, one also needs to 
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be reminded of using them. One possible reason for this effect is that the numeracy test 

prompts the participants to think in a more class-based manner. In addition, it is possible that 

numeracy is related to working memory capacity, and that the more numerate participants can 

maintain and compare several alternatives with the focal alternative. This would allow for a 

more class-based manner of assigning probabilities as opposed to those who can only 

maintain and compare one or few alternative outcomes with the focal outcome, that is, a case-

based manner.  
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Appendix A – Example of questionnaire from Study 1 

[Condition 1a] 

Hva tror du? 

 

 

Her kommer noen enkle oppgaver der du skal vurdere sannsynligheten for ulike 

utfall av usikre hendelser. Spørreskjemaet består av to deler og det tar ca. 5 

minutter å svare. Svarene skal brukes til en masteroppgave i kognitiv psykologi 

av Anine Riege, under veiledning av Karl Halvor Teigen. 

 Tusen takk for hjelpen! 

 

Mann    Kvinne 

 

Alder         
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Del 1: Sannsynligheter for usikre hendelser 

 

Stortingsvalg 2013 

I 2013 er det igjen stortingsvalg i Norge. Hva tror du blir utfallet av dette stortingsvalget? Gi 

sannsynlighet som et tall mellom 0 og 100% der 100% betyr at dette alternativet helt sikkert 

blir vinner av valget. 

 

Hvor sannsynlig er det at vi får en flertallsregjering ledet av Jens Stoltenberg?  ….% 

 

Hvor sannsynlig er det at vi får en mindretallsregjering ledet av Jens Stoltenberg? ….% 

 

Hvor sannsynlig er det at vi får en borgelig regjering ledet av Høyre?   ….% 

 

Hvor sannsynlig er det at vi får en borgelig regjering ledet av FrP?    ….% 

 

 

 

 

Nobels Fredspris 2010 

De siste 20 årene har 5 prisvinnere av Nobels Fredspris kommet fra det amerikanske 

kontinentet (Nord – og Sør – Amerika). Det er allikevel den Asiatiske verdensdelen som har 

hatt fått flest, med hele 8 prisvinnere.   

Hva er sannsynligheten for at årets prisvinner kommer fra et land som ligger i:  

 

Europa    ….% 

Asia    ….% 

Nord-Amerika   ….% 

Sør-Amerika   ….% 

Afrika    ….% 
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Dødsårsak 

Fred leser avisen og ser plutselig at en han gikk på skole med for mange år siden har gått bort. 

Da mannen bare var i begynnelsen av 40-årene lurer Fred på hva som kan ha skjedd. Hva tror 

du er sannsynligheten for at mannen døde av:  

 

Hjerneblødning    ….% 

 

Hjerteinfarkt    ….% 

 

Kreft     ….% 

 

Ulykke     ….% 

 

 

 

Hvem vinner gruppespillet? 

I kvalifiseringskampene for EM i fotball består gruppe H av Danmark, Island, Kypros, Norge 

og Portugal. Etter at to av i alt 8 kamper er spilt leder Norge (vunnet begge sine), Danmark 

(har bare spilt en kamp og vunnet), Kypros (en uavgjort kamp), Portugal (en uavgjort og et 

tap) , Island (tapt begge). 

De to beste lagene (nr. 1 og nr. 2) fra hver gruppe går videre og deltar i EM i 2012.  

Hvordan vurderer du sjansene for hvert av lagene nedenfor til å vinne (bli nr 1) i gruppe H?   

 

Norge      …….% 

Danmark  ……. % 

Portugal  ……% 

Island   ……..% 

Kypros   …….. % 

 

Snu arket! 
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Appendix B – Norwegian translation of Lipkus et al. (2001) Numeracy Scale 

 

 

 Del 2: Risiko og sjanser 

Pass på at du besvarer alle oppgavene! 

1. Forestill deg at vi kaster en helt vanlig sekssidet terning 1000 ganger. Av 1000 kast hvor 

mange ganger tror du terningen vil komme til å lande på et partall (2, 4 eller 6)?           ganger 

2. I et lotteri er sjansen for å vinne 100 kroner 1%. Hvis 1000 personer kjøper et lodd hver, hvor 

mange tror du vil vinne 100 kroner?   personer. 

3. I et annet lotteri er sjansen for å vinne en bil 1 av 1000. Hvor stor prosent av loddene vil gi 

gevinst?  % 

4. Hvilket at følgende tall innebærer størst risiko for sykdom? 

a) 1 av 100 

b) 1 av 1000 

c) 1 av 10 

 

5. Hvilket av følgende tall innebærer størst risiko for sykdom?  

a) 1% 

b) 10% 

c) 5% 

 

6. Hvis person A har 1% risiko for å bli syk i løpet av ti år, og person B har dobbelt så stor risiko 

som A, hva er risikoen for B?   . 

 

7. Hvis sjansen for at person A blir syk i løpet av ti år er 1 av 100, og person B har dobbelt så 

stor risiko som A, hva er risikoen for B?   . 

8. Dersom risikoen for å få en sykdom er 10%, hvor mange personer vil kunne forventes å bli 

syke: 

a) Av 100 personer?       personer 

b) Av 1000 personer?         personer 

9. Sett at risikoen for å få en sykdom er 20 av 100. Dette betyr det samme som   % sjanse for 

å få sykdommen. 

10. Sjansen for å få en virusinfeksjon er 0,0005. Av 10.000 personer, hvor mange av dem kan 

forventes å bli smittet?       personer  
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Appendix C – Example of questionnaire from Study 2 

 

[Condition 2, disjunctive tasks] 

Hva tror du? 

 

 

 Dette spørreskjemaet består av 4 enkle oppgaver der du skal vurdere 

sannsynligheten for ulike utfall av usikre hendelser. Når du er ferdig legger du 

dette skjemaet tilbake i ”Del 1” konvolutten og lukker den. Deretter åpner du 

konvolutten markert med ”Del 2” og svarer på disse. Når du er ferdig legger du 

alt i den store konvolutten og lukker den. Spørreskjemaene inneholder oppgaver 

som skal brukes til en masteroppgave i kognitiv psykologi av Anine Riege og i 

et forskningsprosjekt ledet av Karl Halvor Teigen. 

 Tusen takk for hjelpen! 

 

Mann    Kvinne 

 

Alder        
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VM i ski 2011 

Hvem får medaljeplass i 5 mila under ski VM? 

Verdensmesterskapet i ski 2011 vil bli holdt i Oslo, og vil finne sted fra 23. februar til 6. mars 
2011. Dette er et av de største idrettsarrangementene i Oslo på mange år. Arrangørene 
forventer mer enn 650 utøvere fra over 60 nasjoner. Et av høydepunktene vil være 50 km 
langrenn som vil finne sted 6.mars. Blant favorittene er deltagere fra Norge, Sverige, 
Tsjekkia, Russland og Sveits.  

Hva tror du er sjansene for at deltagere fra hvert av landene til å få medalje (altså bli blant de 
tre beste) i denne øvelsen? Angi sannsynligheten ved å sette ring rundt det tallet du synes 
passer best for hvert av landene. 

Norge   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Russland   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Sveits   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Sverige   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Tsjekkia   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

* * * 

 

Hvor interessert er du i skisport? 

1 2 3 4 5 6 7 

            Ikke interessert              Veldig interessert 
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Fotball EM 2011 

Hvem går videre i gruppespillet? 

I kvalifiseringskampene for EM i fotball består gruppe H av Danmark, Island, Kypros, Norge 
og Portugal. Etter at 8 av i alt 20 kamper er spilt er resultatene fordelt slik: 

Nasjon 
Kamper 

spilt 
Kamper 
vunnet 

Kamper 
tapt 

Uavgjort Poeng 
Kamper 

som 
gjenstår 

Norge 3 3 0 0 9 5 

Portugal  4 2 1 1 7 4 

Danmark 3 2 1 0 6 5 

Kypros 3 0 2 1 1 5 

Island 3 0 3 0 0 5 

 

De to beste lagene (nr. 1 og nr. 2) fra hver gruppe går videre og deltar i EM i 2012.  
Hvordan vurderer du sjansene for hvert av lagene nedenfor til å gå videre fra gruppe H? Angi 
sannsynligheten ved å sette ring rundt det tallet du synes passer best for hvert av landene.  

Norge   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 

Danmark   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 

Portugal   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 

Kypros   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 

Island   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 
 

* * * 
 
 
Hvor interessert er du i fotball? 

 1 2 3 4 5 6 7 
              Ikke interessert              Veldig interessert 
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Stortingsvalg 2013 

I dag har vi en flertallsregjering bestående av Arbeiderpartiet, Sosialistisk venstreparti og 

Senterpartiet. I 2013 er det igjen stortingsvalg i Norge. Hva tror du er sannsynligheten for 

hvert av de følgende politiske partiene kommer i regjering? Angi sannsynligheten ved å sette 

ring rundt det tallet du synes passer best for hvert av alternativene. 

 

Arbeiderpartiet (AP) 

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 

Sosialistisk venstreparti (SV) 

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

Høyre (H) 

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

Fremskrittspartiet (FrP) 

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

 

    * * * 
 

Hvor interessert er du i politikk? 

 1 2 3 4 5 6 7 

             Ikke interessert              Veldig interessert 
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Appendix D – Example of questionnaire from Study 3 

 

[Condition 1] 

 

Hva tror du? 

 

 

Dette spørreskjemaet består av 5 enkle oppgaver der du skal vurdere 
sannsynligheten for ulike utfall av usikre hendelser. Når du er ferdig legger du 
dette skjemaet tilbake i ”Del 2” konvolutten og limer den igjen.  

 

Spørreskjemaene inneholder oppgaver som skal brukes til en semesteroppgave i 
kognitiv psykologi og i et forskningsprosjekt ledet av Wibecke Brun, UiB, og 
Anine Riege og Karl Halvor Teigen, UiO.  
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VM i ski 2011 
Oppg. 1: Hvem vinner 5 mila under ski VM? 

Verdensmesterskapet i ski 2011 blir holdt i Oslo fra 23. februar til 6. mars 2011. Dette er et av 
de største idrettsarrangementene i Oslo på mange år, med mer enn 650 utøvere fra over 60 
nasjoner. Et av høydepunktene vil være 50 km langrenn som vil finne sted 6.mars. Blant 
favorittene er deltagere fra Norge, Sverige, Tsjekkia, Russland og Sveits.  

Hva tror du er sjansene for at deltagere fra hvert av disse landene vil vinne denne øvelsen? 
Angi sannsynligheten ved å sette ring rundt det tallet du synes passer best for hvert av 
landene. 

 

Norge   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Russland   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Sveits   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Sverige   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Tsjekkia   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

* * * 
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Oppg. 2: Hvem får medaljeplass i 5 mila under ski VM? 

Tenk deg samme situasjon som i første oppgave. Hva tror du er sjansene for at deltagere fra 
hvert av disse landene får medalje (altså blir blant de tre beste) i denne øvelsen? Angi 
sannsynligheten ved å sette ring rundt det tallet du synes passer best for hvert av landene. 

 

Norge   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Russland   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Sveits   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Sverige   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Tsjekkia   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

* * * 

 

 

Hvor interessert er du i skisport? 

1 2 3 4 5 6 7 

            Ikke interessert              Veldig interessert 
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Fotball EM 2011 
Oppg. 3: Hvem vinner gruppespillet? 

I kvalifiseringskampene for EM i fotball består gruppe H av Danmark, Island, Kypros, Norge 
og Portugal. Etter at 8 av i alt 20 kamper er spilt er resultatene fordelt slik: 

Nasjon 
Kamper 

spilt 
Kamper 
vunnet 

Kamper 
tapt 

Uavgjort Poeng 
Kamper 

som 
gjenstår 

Norge 3 3 0 0 9 5 

Portugal  4 2 1 1 7 4 

Danmark 3 2 1 0 6 5 

Kypros 3 0 2 1 1 5 

Island 3 0 3 0 0 5 

 

Hvordan vurderer du sjansene for hvert av lagene nedenfor til å vinne (bli nr 1) i gruppe H? 
Angi sannsynligheten ved å sette ring rundt det tallet du synes passer best for hvert av 
landene.  

Norge   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Danmark   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Portugal   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Kypros   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

Island   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

 

* * * 
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Oppg. 4: Hvem blir de to beste i gruppe H? 

Tenk deg samme situasjon som i forrige oppgave. 

Nasjon 
Kamper 

spilt 
Kamper 
vunnet 

Kamper 
tapt 

Uavgjort Poeng 
Kamper 

som 
gjenstår 

Norge 3 3 0 0 9 5 

Portugal  4 2 1 1 7 4 

Danmark 3 2 1 0 6 5 

Kypros 3 0 2 1 1 5 

Island 3 0 3 0 0 5 

 

Hvordan vurderer du sjansene for hvert av lagene nedenfor til å bli blant de to beste i 
gruppe H? Angi sannsynligheten ved å sette ring rundt det tallet du synes passer best for 
hvert av landene.  

 

Norge   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
Danmark   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   
Helt sikkert ikke         Helt sikkert 

Portugal   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
Kypros   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   
Helt sikkert ikke         Helt sikkert 

Island   
0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 
 

* * * 
 

Hvor interessert er du i fotball? 
 1 2 3 4 5 6 7 

              Ikke interessert              Veldig interessert 
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Stortingsvalg 2013 

Oppg. 5: 

I dag har vi en flertallsregjering bestående av Arbeiderpartiet, Sosialistisk venstreparti og 
Senterpartiet. I 2013 er det igjen stortingsvalg i Norge. Hva tror du blir utfallet av dette 
stortingsvalget? Angi sannsynligheten ved å sette ring rundt det tallet du synes passer best for 
hvert av alternativene. 

 

Flertallsregjering ledet av Jens Stoltenberg  

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 
 

Mindretallsregjering ledet av Jens Stoltenberg 

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

Borgelig regjering ledet av Høyre   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

Borgelig regjering ledet av FrP   

0 – 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 – 90 – 100 %   

Helt sikkert ikke         Helt sikkert 

 

 

 

    * * * 

Hvor interessert er du i politikk? 

 1 2 3 4 5 6 7 

             Ikke interessert              Veldig interessert 

 

Legg nå alt tilbake i den store konvolutten og lukk igjen. 


