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Abstract 

In the philosophical and psychological literature, causal reasoning is studied in terms of 

covariation, the observable output of event x co-occurring with event y.  A problem 

inherent in this method is that the mechanisms and controlled alternatives that explain the 

exact process of how one event causes another are not considered.  This study attempts to 

identify the circumstances in which people spontaneously generate alternative 

explanations as a function of the type of information presented. Causal mechanism was 

directly explored to determine if covariation was sufficient for causal reasoning or if the 

citing of mechanism was also important. Cornell University male and female 

undergraduate students, N=60, were presented with 1 of 3 pairs of story problems in the 

form of events-to-be explained.  In the first condition, participants were presented with a 

story problem and a target explanation.  In the second condition participants are presented 

with a story problem, a target explanation and an alternative explanation. Findings 

concluded that participants were significantly more likely to generate genuine alternative 

explanations when presented with a target explanation only versus being presented with 

two explanations, Z=2.139, p=.004.  Furthermore, participants who were more likely to 

generate genuine alternative explanations were also significantly more likely to cite a 

causal mechanism within their responses, F=8.122, p<.000, Implications for future 

research suggest that the type of information presented is crucial in the ability for people 

to reason about alternative explanation and that mechanism within causal reasoning is  

vital for explanation evaluation.  
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Spontaneous Generation of Alternative Explanation 

Much of the literature in scientific and causal reasoning converges on the notion 

that people have difficulty evaluating explanations when faced with disconfirming 

evidence about a held belief (Nickerson, 1998, McKenzie, 2006). The conclusions found 

in studies strive to implicate that the difficulties in dealing with anomalous and 

disconfirming information are a product of irrational reasoning.  Basically, the literature 

states that humans do not make good scientists because they struggle to consider 

alternative explanations.  The study of scientific and causal reasoning has progressed 

from focusing on systematic logical thinking (Inhelder & Piaget, 1958) to the interaction 

of reasoning strategies across domains.  In scientific and causal reasoning, alternative 

explanations play a major role. The obvious piece of evidence for this is that the hallmark 

of scientific inquiry is to control for or rule out alternative explanations.  Thus, if no other 

explanation can account for how one event brings about another, then the puzzle of what 

is causing the effect is solved.  While much of the literature has focused on studying the 

structure and function of explanation and the observable effects of explanation 

evaluation, the circumstances of considering alternative explanation in causal reasoning 

has not been explored.  In the present study, we examine circumstances in which people 

are more or less likely to generate alternative explanations. 

 People’s ability to consider alternative explanation is usually studied by using 

tasks in which the cause of an event is defined as whatever event covaries with the effect 

to be explained.  The philosophical approach to studying causal reasoning in terms of 

covariation derives from Humean principles of causation.  Hume argued that people 

detect causation by identifying covariation (Hume, 1978).  Followers of Hume have 
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explored causation by focusing on tasks on covariation. A principle concept of 

covariation is dependent conditional probability.  For instance, if variable x is present 

where y is present and x+ y covary and x is said to cause y.  One problem with this 

approach however, is that while there are many indices in the world that seemingly 

covary, for instance the occurrence of autism and television viewing, not every 

covariation is considered causal (Quine, 1969).  

As already noted, a broad definition of covariation consists of the observation that 

the occurrence of any structured event is conditional upon the occurrence of another. 

Relying on a Humean conception of covariation, Gopnik (2001) explored causal 

reasoning in toddlers by using a covariation task. Her experiment tested whether 30 

month olds were capable of inferring this type of conditional causal reasoning in a task in 

which a toy, a blicket, was to be placed on a machine and the machine either did or did 

not make noise and play music when this toy was placed on it.  Her findings suggested 

that 30-month-olds were quite capable of engaging in this conditional reasoning, as they 

would label the toy that activated the music machine as the blicket, but not the toy that 

failed to activate the machine.  This particular task, assumes, however that conditional 

covariation is equivalent to causation.  The mechanism by which a blicket could cause 

the machine to make noise and play music is not questioned, and the only alternative to 

this task would be that the blicket does not activate the machine.  Consequently, the only 

alternative would be the event that fails to covary with the effect; causation was defined 

in terms of covariaion.   

Gopnik’s study (2001) was replicated by Sobel and Kirkham (2006) in 19-month- 

olds and similar findings were found to support causation as covariation.  Sobel and 
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Kirkham also explored whether 8-month-olds could perceive covariation within an eye 

gaze paradigm in which the participants viewed a series of events with transitional 

probably in terms of the occurrence of 2 events presented together (A&B) were likely to 

be followed by the exciting occurrence of event C.  In their findings the 8 month olds 

gazed significantly longer at the events where the next event was anticipated.  The 

limitation with this approach is that it focuses on a behavioral output of human perception 

within a series of events.  These studies measure anticipation and linkage of events, 

however, they do not explore the process by which these events bring about the effect.  

That is, they also define causation as covariation.  Hence, the process or mechanism by 

which one event brings about the other is not considered.  It is important to explore 

mechanisms because although covariation indicates causality, it could reflect simply an 

artifactual association.  It is mechanism that distinguishes genuine cause from artificial 

covariation.  Thus, to measure whether someone is engaging in causal reasoning, we must 

see if they take account of mechanism information.  

 Kuhn, Amsel, and O’Laughlin (1988) also argue that covariation equals 

causation. In this study children were asked to identify 4 variables, 2 that the participants 

believed were non-causally related to colds and 2 that were believed to be causally 

related.  She then presented each participant with “data” showing that one causal and one 

non-causal variable did covary with colds and that the other variables did not covary.  

Thus, one causal (non-causal) belief was confirmed and one was disconfirmed. 

Participants were counted as reasoning correctly if they relied only on the covariation 

information, and ignored other information that they had previously acquired including 

information about mechanism.  Thus, if a subject said, “I still believe that type of cake 
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causes colds because chocolate cake has too much sugar, and sugar raises blood 

pressure,” that child would be treated as having a confirmation bias because s/he would 

have kept her belief about sugar as the mechanism by which chocolate cake causes illness 

in spite of a lack of covariation of type of cake and colds.  Similarly, if a subject said, 

“maybe type of cake matters but only some of the time”, that also would be counted as 

confirmation bias, because s/he would be maintaining rather than rejecting her belief, but 

modifying the belief to take account of the disconfirming data. The act of not rejecting 

beliefs caused the children to modify their existing belief to account for the disconfirming 

evidence, which according to Kuhn is confirmation bias, that is, flawed reasoning.  

Another point to consider in the causal reasoning literature is that in the typical 

study the alternative explanations are already provided albeit in the form of an event that 

fails to covary with the effect. The present study did not present subjects with alternative 

explanations, instead we are asking subjects to generate the alternatives on their own. In 

this study we looked at the circumstances that make people more or less likely to do so.   

 Researchers who study confirmation bias also examine whether people consider 

alternative explanations and argue that they do not.  For example, in a review by 

Nickerson (1998) confirmation bias is argued to be either a conscious or unconscious 

motivation to actively seek evidence that confirms a held notion or belief.  In this 

instance, then the person is argued to not even have the capacity to consider an alternative 

explanation.  Chapman and Chapman (1969) argue that one bit of evidence for why 

people cannot consider alternatives is that they see covariation relationships that are not 

truly there but that support or are consistent with their causal biases.  
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 As mentioned earlier, Kuhn, Amsel and O’Laughlin (1988) define confirmation 

bias as modifying rather than rejecting a belief in light of disconfirming evidence.  This 

definition contrasts with previous definitions of confirmation bias, by arguing that 

alternative information is getting through some type of confirmatory filter. Basically if 

the children agree that the disconfirmation could be covariation then they are not 

considering an alternative hypothesis. This argument is cyclical however, because in 

order to modify a belief, the disconfirming information must be considered.  

 Some of the literature in causal reasoning also explores how people evaluate 

explanation in relation to making predictions.  More specifically, studies look at the 

confidence of explanation as a function of being presented with other-generated 

information versus self-generated explanations.  Koehler (1991) presented participants 

with a situation in which the participants had to predict, out of 5 candidates who was 

most likely going to win an academy award.  When the participants were presented with a 

possible explanation, they rated the previously generated explanation as more plausible 

and were more confident in this rating.  

What the confirmation bias literature does not consider, however, is that many 

beliefs about explanations are embedded within a broad network of information, 

including information about mechanism.  The confirmation bias literature examines 

causality only in terms of covariation and thus ignores the role played by networks of 

related information.  The tasks involved consist largely of examining whether a covariate 

is treated as the cause of an effect.  In terms especially of the present study, the 

confirmation bias literature does not study when people consider alternative because it 

argues that they do not.  
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In the present study, we did not want to study tasks in which cause is equivalent 

to covariation because in the real world we often reason about explanations and not just 

covariation.  People want to know the exact mechanism by which one event will bring 

about another. A mechanism in itself is a theory or an explanation about how one event 

causes or brings about another (Koslowski, 1996).  It is the consideration of causal 

mechanism that allows people to decide which covariations are genuinely causal.  In 

addition, it is through mechanism information that alternative explanations are 

considered.  Hence, alternative possible causes can be justifiably dismissed if there is one 

mechanism that could account for how the alternative might bring about the effect.  For 

example, if size of car and color of car both covary with mileage, we cite size as the 

cause and dismiss color as the alternative cause because it is difficult to think of a 

plausible mechanism by which color could affect gas mileage (Koslowski, 1996).  

However, although people rely on explanation, or mechanism, to decide which 

covariations are causal, not all explanations are plausible.  Thus, it is important to study 

explanations to see how people evaluate them in the first place.  One way of assessing the 

plausibility of an explanation is to see whether alternative explanations exist that could 

also account for the effect. If alternatives have not been ruled out, the target explanation 

is rendered less likely.  In the present study, we ask whether people consider alternatives 

when they evaluate explanations and if so, when?  More specifically, are people more 

likely to consider alternatives if they are evaluating one explanation presented alone or 

when they are evaluating two competing explanations?  The present study was different 

from what is already in the literature because we did not assign artificial tasks in which 

we ask people to decide whether something is causal by relying solely on covariation.  
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We asked participants to evaluate plausible story problems about both social and 

scientific phenomena.  The presentation of one explanation is comparable to what people 

experience when they are presented with an argument.  The presentation of two 

explanations is comparable to what people experience when they listen to a debate, and, 

in some cases, in the classroom setting.   

Predictions: 

There were two possible ways in which the participants could consider 

alternatives.  These possibilities include the concepts of cognitive priming and cognitive 

constraint.  Cognitive priming would be that the presentation of explanations prompts the 

person to critically process and connect information to create additional explanations.  

Because of the structure of the stimulus, the person would be using information from 

his/her own cognitive reservoir of information (cognitive reservoir being the gamut of 

information incorporated from previous experience and prior knowledge). In the event of 

being presented with two explanations about the event-to-be explained, if the participant 

generated many explanations in addition to the two provided, then the presentation of two 

explanations would be interpreted as cognitively priming the participant to generate 

additional alternatives, thereby acting as a type of cognitive pump.   The second 

possibility, cognitive constraint, is that the presentation of competing explanations would 

cause the person to be limited in the amount of cognitive effort available for considering 

alternative explanations.  Thus, cognitive energy would be spent trying to distinguish 

between the two independent and competing explanations.   As a result, the participant 

would not generate as many, if any, additional explanations for the event-to-be explained. 
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One way to interpret cognitive priming would be that people have an unlimited 

capacity for generating alternative explanations under optimal conditions.  However, if 

participants generate a limited number of explanations in both condition then one 

interpretation would be that regardless of the type of information presented, participants 

have a limited capacity for considering alternative explanations, albeit, a cognitive 

reservoir of possible alternative explanations.   

The cognitive reservoir theory can be doubted though if in the condition with one 

explanation, participants generated more alternatives.  Under this circumstance the next 

question would be whether participants generated at least one more explanation beyond 

what they generated when presented with two explanations.  If the cognitive reservoir 

theory were true, then the participants in the one-explanation condition should have 

generated one alternative explanation beyond the condition in which participants are 

presented with two explanations. For example, in the platypus story the platypus 

population is suffering a major decline and the question is why the population is 

drastically declining.  One provided explanation is environmental toxins and alternative 

explanations include hunting, predation, solar radiation, boat propellers, warming waters, 

environmental pressures in terms of competing for space, and the hand of God.  Note that 

the plausibility of the explanations does not necessarily have to be high, as long as the 

process to explain how one event brings about another is present.   

Cognitive priming would be supported in the one-explanation condition if the 

participant generated at least one additional alternative beyond the total number of 

generated alternatives between the two conditions.  So if the participant generates three 

additional alternatives in the one-explanation condition, then cognitive priming would be 
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supported as long as the participant generated no more than one additional alternative in 

the two-explanation condition.  Cognitive priming in the one-explanation condition 

would subsequently support cognitive constraint in the two-explanation condition 

because results would demonstrate a significant limitation in the ability to generate 

multiple alternatives.  The present study focused on the difference in the generation of 

alternative explanations, however, the interpretation of this difference, as described 

above, is important for future studies.  

 Furthermore, because causation is defined as covariation in the causal reasoning 

literature it is important to examine whether causation was actually considered in terms 

of covariation as generated from the participant.  This study was designed to explore the 

circumstances of causal reasoning via the generation of alternative explanations and 

causation in terms of the participants’ cognitive capacity.  This study refrained from 

artificial covariation design and allowed the participant to use his/her own cognitive 

resources to think causally through self-generation.  Exploring the roots of causal 

reasoning is important because philosophers and researchers have argued that there are 

many indices in which people can perceive covariation without it being causal 

(Koslowski, 1996).  Thus it is important to identify how people determine which 

relationships are genuinely causal and the components that make the relationship 

genuine.  Thus, mechanism is argued to be explanation in itself and fundamental to 

causation.  Mechanism is the most proximal factor or the bridge that describes exactly 

how one process brings about another.  In previously researched covariation tasks, the 

causation is implied and the participants are not given the opportunity generate whether 

the causation is solely covariation.  Thus, covariation could be determined to be sufficient 
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for causation or causation is dependent upon the generation of a mechanism within the 

explanation. In the present study, the generated alternatives are independent and 

consequently genuine reflections of how the participant engaging in causal reasoning.  

The presence of a causal mechanism cited within or among the generated alternatives 

would suggest that causation is not solely covariation and incorporates at least a 

mechanism.    

Methods 

Participants 

  Participants included 60 college students equally divided between male and 

female Cornell University undergraduates, aged between 18-26 years. A total of 96 

subjects were intended for interview as part of a larger study, however with time 

constraints, we amassed a total of 60.   

Materials 

The stimulus materials consisted of 6 story problems in the form of events-to-be-

explained (see Appendix A).  The story problems were of either natural events or social 

events.  They incorporated factual information about phenomena that has really occurred 

as well as phenomena that did not really occur.  Each story problem describes a specific 

event and the outcome of that event.  For example, story problem 5 consists of the 

following: “In the process of adoption, hard-to-place children are usually characterized 

by behavior problems (such as aggression) and/or infant drug addiction from addicted 

birth mothers.  These children are more likely to have mental and physical problems later 

in life.  However, hard-to-place children who are adopted by same-sex couples tend to do 

better later in life than hard-to-place children adopted by opposite-sex couples.  What is 
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the explanation for this improvement?” Thus, the challenge for the participant is to 

generate the types of information that would help best explain the event. The pieces of 

information that the participant generates are the primary source of what is coded.  

Within this study the 6 story problems were paired such that the stories were least related. 

Furthermore, each pair consisted of a natural science and one social science story. The 

conditions analyzed within the study include 1) an event-to-be explained and a target 

explanation and 2) an event-to-be explained in addition to a target explanation followed 

by another possible explanation. The participants were provided with the stimulus packet 

and a consent form.  Data analysis was conducted using SPSS statistical software 

versions 13, 14 & 15.  

Procedure 

The total number of intended participants, N=96, was determined by figuring how 

many people were needed for each pair of story problems for each condition.  Because 

the story problems were also counterbalanced there were two cells of participants per pair 

of story problems.  To have a high power, four participants were required for every pair 

of story problems (presenting either story A or B first) within the four conditions of the 

larger study (See Appendix  B ).   

In this experiment, gender, story pair, and condition (one versus two possible 

explanations) were independent variables. The total number of generated responses, type 

of generated alternative, and causal mechanism were dependent variables. The study was 

a between subjects design.  The interview was semi-structured. Data from stimulus 

materials that was analyzed for this study represent two conditions. Within stimuli 

included story problems within the set of pairs. Thus, stories 3 and 6, 2 and 4, and 1 and 5 



  Alternative Explanations 14  

were paired.  The order in which the stories were presented was counter balanced within 

each pair.  Furthermore, two possible explanations for each story problem were generated 

and pilot tested for emotional neutrality and degree of plausibility.  Within the conditions 

in which the participants were provided with one or two explanations, the explanation 

that was the target was also counter balanced. The decision to expose the participants to 

only 2 stories versus the entire 6 stories resulted from pilot testing; two stories was as 

much as a participant could complete and still be alert. Thus, the level of cognitive effort 

and fatigue the participants might experience while participating in the study was 

minimized.  With this strategy, confounding factors such as fatigue and attention were 

also controlled.  

The two conditions being analyzed in this study represent the third and fourth 

conditions of a larger study.  Within these conditions the participant was presented with 

either one explanation or two explanations. In both conditions, the participants were 

asked to generate pieces evidence to help them evaluate or explain the event.  The 

wording for this segment within the stimulus is as follows, “How would you evaluate this 

explanation?  What sort of information would you like to have to help you decide 

whether the first explanation it’s likely to be the correct one?  Imagine you had a very 

efficient research assistant.  What sorts of information would you like your assistant to 

gather?”  The participant then generated as many pieces of information that came to 

mind.  This information, specifically, was the focus for coding.  Each participant was 

randomly assigned to one of the four conditions, though recall that only two conditions 

are analyzed here.  
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The target explanation is defined as a possible explanation about the event as well 

as the first explanation to follow the event-to-be explained.  The target explanation is also 

the comparison measure to determine whether the participants generated alternative 

explanations spontaneously or distinguished between competing explanations.  For each 

piece of information they generated, the participants provided the plausibility rating along 

a 7-point scale, 7 being the most plausible and 1 being least plausible. The participants 

will then be asked the same set of questions as in condition four and asked to rate the 

plausibility of each statement.  

 Coding  

Alternatives in this analysis included a genuine alternative and a 

modification/combination alternative. A genuine alternative is defined as a self-generated 

explanation independent from the target explanation that invoked completely independent 

factors.  For example, if the target explanation is a fungus that differentially killed 

deciduous trees in Eastern Asia, then a genuine alternative would be the trees are 

differentially sensitive to climate change.  The difference between these two explanations 

is the causal mechanism.  However, each explanation is equally plausible.  Another 

example to illustrate this difference would be to explain the story problem about the 

vinifera grape vines.  The story problem is that throughout Europe a parasitic louse ate 

the rootstocks of the vinifera grape vines killing a substantial percentage of the vines. 

Nevertheless, the vines thrive today.  One possible explanation to explain this event is 

that a small percentage of the grape vines developed or were already resistant to the 

louse.  A genuine alternative explanation would be that the rootstocks of labrusca 
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grapevines were grafted onto the vinifera grapevine, thus allowing the vines to bear 

vinifera grape varieties.  

 A modification/combination alternative is defined as a self-generated explanation 

related to target that either adds related factors or adds to factors within the target 

explanation.  The modification/combination preserves the target explanation, but either 

modifies or adds to it.  For example, if the mechanism of the target explanation in the 

first story problem mentioned above is fungus, then a modification of that explanation 

would be some other invasive species that differentially killed the deciduous trees.  Thus, 

a modified alternative in this example would the invasive species.  This is a modification 

because the concept that the trees are being killed is preserved, however the mechanism 

by which that is occurring is altered.  An additional factor, creating the combination part 

of the alternative, would be that the bark was differentially sensitive to the fungus or 

invasive species.  These two types of additions to the target are a 

modification/combination alternative because in both explanations, the trees are being 

attacked or infected by another organism. Thus, the target is being modified and added 

onto, while simultaneously preserved. In the case of the vinifera story problem a 

modification/combination alternative to the development of resistance explanation, would 

be that the grape growers took the vines that had resistance and selectively bred them, 

and redistributed them all over the country. In this case, the participant is adding onto the 

explanation while bringing in factors such as redistribution and selective breeding.  

Causal mechanism was also coded for in this analysis.  The definition of causal 

mechanism is the process that bridges cause and effect or the most proximal factor for a 

particular explanation. To be a causal mechanism within a generated piece of 
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information, the participant must explicitly say that for example, the in the case of the 

deciduous tree story problem, the fungus differentially infected the inner layers of the 

bark of the deciduous trees resulting in an inability for the tree to protect itself. In the 

instance of the vinifera story problem, the mechanism of survival is the resistant labrusca 

rootstock that is grafted onto the vinifera vines.  

Analysis 

The order of the stories was distributed randomly such that that participant was 

presented with either A or B as the target explanation.  Initial analyses focused on 

verbosity to determine whether participants were differentially verbose across conditions. 

To determine if demographic characteristics confounded the generation of alternative 

explanations, generation of alternatives relative to gender and story pair was also 

analyzed across conditions.  The primary analyses focused on the percentage of responses 

generated for each individual.  Within the number of responses, the percentage of 

responses that consisted of each type of generated alternative was analyzed across 

conditions. Thus, one question being asked was which percentage of responses generated 

from each participant was devoted to genuine and modified alternatives.  Furthermore, 

whether participants generated a causal mechanism was correlated with the total number 

of responses and the type of alternative generated. Data was analyzed using SPSS 

statistical software, version 13.   

Results 

Controlled Variables 
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To control for possibly confounding independent variables,  gender, order of 

presentation of explanation, story problem were analyzed using  one-way ANOVA’s 

across conditions. These analyses did not yield significant results (Tables 1-4).   

Verbal Fluency 

One of the dependent variables analyzed was verbal fluency.  Verbal fluency 

consisted of the total verbal verbosity or number of responses generated by each 

participant. Verbal fluency was analyzed across conditions using nonparametric t-tests.  

The analysis was taken from an aggregated data set in which the story problems were 

coded in the assigned pairs, and the percentage of the total responses and alternatives 

were computed across stories within each pair. Thus, although each participant received 

two stories, each participant had only one score for the total number of generated 

responses to the question “What sorts of information would you seek to help you explain 

whether the first explanation is the correct one?”.  A histogram of the distribution of 

verbal fluency across the conditions showed the responses to not be normally distributed.  

Thus, the nonparametric measures were used for analyses.  A two-tailed t-test measured 

means of total number of responses across conditions.  The results were not significant 

(F= 2.139, p<.539, p<.542).  This is important because that means condition itself did not 

constrain the general verbosity of the participants.  

Genuine & Modification Combination Alternatives 

The generation of genuine alternative explanations was analyzed using non-

parametric t-test and  one-way ANOVA’s.   The one-way ANOVA was used to examine 

differences of variance between the total count of alternatives generated, genuine 

alternatives and the modification/combination across conditions.  The results for this 
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analysis demonstrate significant differences in the generation of genuine alternative 

explanations as well as total count of alternative explanations between the conditions. 

Within total responses generated the percentage of genuine alternatives was higher in the 

one explanation condition M= 20.00, versus being presented with 2 explanations 

M=11.73.  An interactive bar graph illustrates the significant difference between the 

percent of genuine alternatives generated from the responses of each participant across 

the conditions.  Most apparent is the distinction between labeled conditions 3 and 4 in the 

participants where zero percent of their responses were genuine alternative explanations 

(see Table 7).  Note, that the condition with one explanation is condition 3 of a larger 

study and the condition with 2 explanations is condition 4 of a larger study.  This 

difference is further demonstrated by a simple t-test, which measured the generation of 

zero alternatives between the one explanation and two explanation condition.  A 

significant difference was found for the generation of no alternatives between the two 

conditions, F = 1.08,  p<.002.  Thus, participants in the one explanation condition  

compared to the two explanation condition were significantly less likely to generate no 

alternatives.  A Kruskal Wallis Chi-Square test measured the percentage of total 

alternative’s generated (percgenalt_totalalt) and the percent of genuine alternatives 

(Alternateperc1) across conditions.  For the percent of genuine alternatives significance 

was found, χ2=8.330, α=.004. A Mann-Whitney nonparametric independent sample t-test 

demonstrated significant differences in the percentage of the total number of responses 

that consisted of genuine alternative explanations, Z= -2.888, p<.004 (see Table 6).  
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The difference between the percent of the responses that were 

modification/combination alternatives was also measured using a nonparametric t-test.  

These findings were not significant.   

Causal Mechanism 

 The citation of a causal mechanism between the percentage of generated genuine 

alternatives was also analyzed using a one-way ANOVA. A significant difference was 

found for the generation of causal mechanism and the generation of a genuine alternative, 

F=8.122, p<.000. That is participants who were more likely to generate a genuine 

alternative explanation were also more likely to cite a causal mechanism. Significant 

differences were also found in the other direction, for those who did not generate genuine 

alternatives or generated fewer genuine alternatives were also less likely to cite a causal 

mechanism, F=10.696, p<.000.   

Discussion 

Analyses of the generated genuine and modification/combination alternative was 

important because to generate these alternatives, the participant is pulling information 

from external sources. The results of the analyses demonstrated a clear difference in the 

generation of alternative explanations between conditions.  The participants were 

significantly more likely to generate genuine alternatives when presented with one 

explanation versus two explanations.  Implications of this finding suggest that in the 

presentation of one explanation with an event-to-be explained is more likely to elicit 

flexible consideration of alternative explanations relative to the presentation of two 

explanations. Upon viewing the total count of alternatives generated, however, the 

number of additional generated alternatives in the condition with one explanation 
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averaged around 1 additional explanation.  Thus, due to a possible lack of power, it is 

unclear whether the participants are cognitive primed when presented with one 

explanation only to consider alternative explanations.  In this case once the full data set is 

obtained, future research will further analyze the total numbers of generated genuine 

alternatives among the individuals between the two conditions. 

Another important question to address is also whether the additional alternatives 

generated in the one explanation condition consist of that mechanism that we would have 

given the participants in the condition with two explanations. Future analyses will also 

look at the content of the generated alternatives.  It is possible that people generate many 

different alternative explanations, thereby demonstrating the significance of background 

information.  For example, a person who has absolutely no experience with physics could 

be asked how a pulley system or gravity works.  In this case, the person may also be 

religious, and argue that gravity works as the consequence of God’s hand.  The 

mechanism is cited, and the correctness of the explanation in this case is irrelevant.  

While the reasoning may seem inane, the person is still thinking causally.  Furthermore, 

when analyzing the numbers of alternative generated between individuals, it will be 

important to look at whether people generate a similar number of alternatives within each 

condition as well as whether the differences between the conditions are consistent.  Thus, 

if participants are significantly likely to consistently generate 3 alternative explanations 

in the one-explanation condition (with varying content), the consistency would suggest 

that people do have a limited capacity to consider alternative explanations and thus a 

cognitive reservoir.  
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The capacity to generate an alternative explanation can firmly be claimed to be 

interdependent of the amount of information and possible explanations a person is 

previously exposed to.  Although the findings do support the probability that people have 

a reservoir for alternative explanations, an analysis for the full data set, once all of the 

participants have been run, may also support the cognitive constraint theory.  As 

discussed previously, explanation is embedded within a broad network of related 

information, and often the reservoir of alternative hypotheses will be highly 

interdependent with the person’s educational history and experience (Swiderek, 1999; 

Koslwoski, 1996).   

The significant differences were found only for the generation of genuine 

alternative explanations and not the modification/combination alternatives. This finding 

is possibly due to a lack of power in the sample. Thus, further analysis will look at the 

differences of count between the individuals across conditions to determine if, in fact, the 

presentation of competing hypotheses cognitively constrains the abundant generation of 

genuine and modified/combined alternatives.  In respect to the modification/combination 

alternative, it is also possible that the design of the condition did not favor the 

circumstances for the cognitive ability to modify an explanation by bringing in outside 

factors. An alternative way to potentially measure modification/combination alternatives 

would be to reword the instructions. For instance, since the modification/combination 

alternative involves preserving but modifying or adding onto the explanation then one 

way to further explore whether the circumstances in which a person is more or less likely 

to consider a genuine alternative versus a modification/combination alternative or both 
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would be to look at a relationship between adding to or modifying the instruction or the 

presentation of instruction.  

Furthermore, the findings that there was a significant difference in the generation 

of causal mechanism and the generation of a genuine alternative, illustrates that causation 

is not entirely covariation.  Thus, measuring causation entirely in light of covariation, the 

researcher is missing information about the cognitive processing of mechanism, hence,  

the “why” of how the covariation occurs.  These findings contrast with earlier work on 

the findings of causation as a measure of covariation through the lenses of independent 

conditional probability (Gopnik, 2001, Sobel & Kirkham, 2006).  This finding suggests 

that causation is more than the detection of covariation, and that the causal mechanism 

may be crucial for understanding causation.  However, this analysis explored the 

generation of causal mechanism within the total number of responses per participant and 

not specifically whether each genuine alternative cited a causal mechanism.  Thus, the 

findings significantly show that participants who generated genuine alternatives were also 

more likely to also generate a causal mechanism.  Future analyses will examine whether 

the causal mechanism was embedded within the genuine alternative.   

Conclusion 

The literature on causal reasoning has primarily defined causation as covariation, 

and the tasks were designed to reflect artificial instances in which one event covaried 

with another.  One of the weaknesses of measuring causation in this way is that the 

definition of causation is already assigned. Thus, the actual cognitive components of 

causality are not considered, that is the cognitive circumstances in which the person 

perceives one event to bring about another.  One way of exploring the exact mechanism 
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in which people reasoned about explanation was to present them with events-to-be 

explained and ask them to evaluate possible explanations.  Consequently, the 

circumstances by which people consider alternative explanation and causation was 

identified as a function of being presented with one versus two explanations.  The 

findings suggest that the generation of causal mechanism is important for causation and 

the generation of genuine alternative explanation is limited to a cognitive reservoir of 

possibilities.  

The circumstances by which people consider alternative explanations are 

important for any scientific and teaching field.  The understanding of cognitive processes 

of scientific reasoning will help teachers optimize teaching of scientific principles and 

argument. The findings contrast with previously researched ideas in confirmation bias 

that people are poor scientific reasoners. People do consider alternative explanations, yet 

how they consider alternative explanations is influenced by their background 

information, presentation of information, and causal mechanism.  
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Appendix A 

Story 
Problem 
number 

Event-to-be-explained 

1 Varieties of vinifera, a European grape species, are the fruit involved in 
making European wines.  At the end of the 19th century, most European 
vinifera plants died because of a parasite infestation.  Nevertheless, 
vinifera vines continue to thrive in vineyards today. 

2 The platypus, an animal that lives in Australian waters, is a mammal that 
nevertheless lays eggs.  In recent years, the platypus population has 
suffered a sharp decline.  What might account for the decrease in the 
platypus population? 

3 In the coastal regions of Eastern Asia, some species of deciduous trees 
are steadily dying out while others are still living. What might explain 
this difference? 

4 In several locations scattered throughout the world, archeologists have 
discovered prehistoric cities that had been abandoned very suddenly by 
entire populations.  What might explain the sudden abandonment of these 
ancient cities?    

5 In the process of adoption, hard-to-place children are usually 
characterized by behavior problems (such as aggression) and/or infant 
drug addiction from addicted birth mothers.  These children are more 
likely to have mental and physical problems later in life.  However, hard-
to-place children who are adopted by same-sex couples tend to do better 
later in life than hard-to-place children adopted by opposite-sex couples.  
What is the explanation for this improvement?  
  
 

6 In the mid-90’s, the rate of homelessness in the US suddenly 
skyrocketed.  Before the sharp increase, the level of homelessness 
remained relatively constant.  What might explain this sudden increase?  
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Appendix B 

Spontaneous Generation of Alternative Explanations  
Kim Rush Senior Thesis, Spring 2007 

 
 
CONDITIONS 
 

1) No Explanation 
2) Self-Generated Explanation 
3) One Explanation (Target) 
4) Two Explanations (Target + Alternative) 

 
Six Stories: 1) Grapes, 2) Platypus, 3) Trees, 4) Cities, 5) Adoption, 6) Homelessness. 

Per Story: 2 Explanations (A and B) 
  In condition 3A (Cond. 3, Ex. A), the given explanation is Ex. A. 
  In condition 3B (Cond. 3, Ex. B), the given explanation is Ex. B. 
  In condition 4A (Cond. 4, Ex. A), Ex. A is target and Ex. B is alternative. 
  In condition 4B (Cond. 4, Ex. B), Ex. B is target and Ex. A is alternative. 
 
 
 
PROTOCOL ASSEMBLY SCHEMATIC 
 
Story Pairs: 

2 + 4: Platypus and Cities 
1 + 5: Grapes and Adoption 
3 + 6: Trees and Homelessness 

 
 24 protocols x 4 conditions = 96 total protocols 

 
 
CONDITION 3 Males Females Total 
Ex. A 2 copies of each pair 

= 6 protocols 
2 copies of each pair 
= 6 protocols 

4 copies of each 
pair, half for M, half 
for F, = 12 protocols 

Ex. B 2 copies of each pair 
= 6 protocols 

2 copies of each pair 
= 6 protocols 

4 copies of each 
pair, half for M, half 
for F, = 12 protocols 

          = 24 protocols 
CONDITION 4 Males Females Total 
Ex. A (A,B) 2 copies of each pair 

= 6 protocols 
2 copies of each pair 
= 6 protocols 

4 copies of each 
pair, half for M, half 
for F, = 12 protocols 

Ex. B (B,A) 2 copies of each pair 
= 6 protocols 

2 copies of each pair 
= 6 protocols 

4 copies of each 
pair, half for M, half 
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for F, = 12 protocols 
          = 24 protocols 
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Appendix C 

CODING AND ENTERING SCHEMATICS 
Kim Rush Thesis Data 

Spring 2007 
 

 
Columns Needed for Each Condition 
 
Condition 1: A-D, F-M, P-AA 
 
Condition 2: A-D, F, H, J-M, P-U, W-AA 
 
Condition 3: A-F, J-M, P-U, W-AA 
 
Condition 4: A-F, J-U, W-AA 
 

 Code all of one condition at a time, hiding irrelevant columns. 
 
Column Name Code Instructions 

A Subject# # Subject Number 
B Gender 1 Female 
  2 Male 

C Condition # Condition number (1, 2, 3, 4) 
D #Explanations 0 0 Explanations given (condition 1) 
  1 1 Explanation given (conditions 2 and 3) 
  2 2 Explanations given (condition 4) 

E Targ AorB 1 Target is Explanation A 
  2 Target is Explanation B 

F Story# # 1-6 
G #UnpromptedEx # If S generates explanations spontaneously on page 1 
H OwnContent 1 Human Influence (Trees) 
  2 Employment (Homelessness) 
  3 Predators eat eggs (Platypus) 
  4 Depletion of resources (Cities) 
  5 Industrialization (Platypus) 
  6 Natural causes: disease or disaster (Cities) 
  7 Insecticides (grapes) 
  8 Same sex couples fight less (Adoption) 
  9 Environmental and Climate change (Trees) 
  10 Environmental changes (Platypus) 
  11 Developed immunity (Grapes) 
  12 SS’s life challenges make better parents (Adoption) 
  13 Adopt harder so SS appreciate kid more (Adoption) 
  14 Parasite infestation (Grapes) 
  15 Growing drug rates (Homelessness) 



  Alternative Explanations 30  

  16 Famine (Cities) 
  17 Human Interference pollution or hunting (Platypus) 
  18 SS parents more in tune to kids emotion (Adoption) 
  19 Overpopulation (Platypus) 
  20 SS couple v1alues (Adoption) 
  21 Private vinifera (Grapes) 
  22 Global warming (Trees) 
  23 International economy: China (Homelessness) 
  24 Conquered (Cities) 
  25 Housing price increase (Homelessness) 
  26 Depletion of resources (Platypus) 
  27 Termination of parasite (Vinifera) 
  28 Housing rates increase 
I OwnDiffUnpr 1 Yes, self-gen. target is different from previously 

generated explanations 
  0 No, self-gen target is same as a prev. gen. exp. 
J T Plaus # Target plausibility rating 
K TPlausFctr 0 No factor cited 
  1 Complimentary (general) alternative 
  2 Specific alternative 
  3 Corollary evidence (“This is what usually happens”) 

L EmoRise # Y-axis valence on emotion grid 
M EmoRun # X-axis valence on emotion grid 
N A Plaus # Alternate plausibility rating 
O APlausFctr 0 No factor cited 

  1 Complimentary (general) alternative 
  2 Specific alternative 

  3 Correlary evidence (“This is what usually happens”) 
  4 Target Explanation 

P-AA Refer to each individual piece of generated evidence 
P Evidence# # Order in which they state evidence 
Q Usefulness # Evidence usefulness rating 
R Aim 1 Paraphrase (Is it true?  Does the effect exist?) 
  2 Get more info 
  3 Not related to explaining event (explicit) 
  4 Question measurement/methods (explicit) 
  5 Undermine T (explicit) 
  6 Support T (explicit) 
  7 Test T (explicit) 
  8 Undermine A (explicit) (Condition 4 only) 
  9 Support A (explicit) (Condition 4 only) 
  10 Test A (explicit) (Condition 4 only) 
  11 Undermine other alternative (explicit) 
  12 Support other alternative (explicit) 
  13 Test other alternative (explicit) 

S FactorYN 1 Yes, S mentions another factor in addition to T 
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  0 No, no other factor mentioned 
T FSource 1 Factor from some other part of the story prob/exp. 
  2 Factor from outside the story problem/explanation 

U BuildsPrev 0 Does not build on previous evidence 
  # If yes, evidence# that F builds upon 

V BuildsExp 1 F builds on a spontaneously generated exp. (from G) 
  0 F does not build from an explanation 

W Alternate 0 Does not include alternative 
  1 Genuine alternative 
  2 Modification/combination 
  3 Complimentary (general) alternative 
  4 Explanation proposed becomes target (Condition 1) 
  5 Includes A (Condition 4 only) 

X CM 0 Does not address causal mechanism 
  1 Addresses causal mechanism 

Y CorEvent 0 Not corollary event 
  1 Involves corollary event 

Z Distinguish 0 Does not distinguish 
  1 Distinguishes a genuine alternative 
  2 Distinguishes a modification/combination of T 
  3 Distinguishes a compliment of T 
  4 No alternative specified (amassing inconsistencies) 
  5 Distinguishes A (Condition 4 only) 

AA Test 0 Does not propose a test 
  1 Proposes contrast/covariation test of T 
  2 Proposes contrast/covariation test of any alternative 
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Appendix D 
One Explanation Provided (1Exp) Condition 
 
 
Event to be explained: 
 
The platypus, an animal that lives in Australian waters, is a mammal that nevertheless 
lays eggs.  In recent years, the platypus population has suffered a sharp decline.  What 
might account for the decrease in the platypus population? 

 
 
Possible explanation: 
 
Environmental pollutants have introduced toxins into the water, killing many platypuses.   
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Sometimes explanations for events make you feel certain emotions, and sometimes they 
just leave you feeling neutral.  How does this explanation make you feel? 
 
Anger/Stress/Anxiety                 High Arousal                          Joy/Excitement 
 
 
 
 
 
 
 
 
 
 
 
 
Unpleasantness Pleasantness 

         

         

         

         

         

         

         

         

         

 
 
   

  
 
 
 
 
 
 
 
Sadness/Depression                                  Sleepiness                   Contentment/ 
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Sometimes possible explanations for an event are plausible and sometimes they are not.  
Using this scale, please rate how plausible you think this explanation is.   
 
Why did you choose this rating? 
 
 
       1                 2                 3                   4                  5                    6                    7 
 
Not at all                       As plausible                Completely 
plausible                as not                               plausible 
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Once any explanation is proposed, it needs to be evaluated to see how likely it is to be 
correct.  How would you evaluate this explanation?  What sort of information would you 
like to have to help you decide whether it’s likely to be correct?  Imagine you had a very 
efficient research assistant.  What sorts of information would you like your assistant to 
gather? 
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You’ve suggested several pieces of information that might help you evaluate this 
explanation.   
 
When people make suggestions, they often suggest some things that will be very useful 
and some that will be less useful.   
 
Please rate how useful you think each piece of information will be.   
 
Please also tell me why you chose each rating.   
 
 
       1                 2                 3                   4                  5                    6                    7 
 
Not at all               As Useful                Completely 
  Useful                 As Not                    Useful 
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Two Explanations Presented (2Exp) Condition 
 
 
Event to be explained: 
 
The platypus, an animal that lives in Australian waters, is a mammal that nevertheless 
lays eggs.  In recent years, the platypus population has suffered a sharp decline.  What 
might account for the decrease in the platypus population? 
 
One possible explanation: 
Environmental pollutants have introduced toxins into the water, killing many platypuses.   
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Sometimes explanations for events make you feel certain emotions, and sometimes they 
just leave you feeling neutral.  How does this explanation make you feel? 
 
Anger/Stress/Anxiety                 High Arousal                          Joy/Excitement 
 
          

    
 
      

    
 
      

    

 
 
   
 
 
Unpleasantness Pleasantness 

    

         

    
 
      

    

   
  

     

    

 
 

      
 
          
 
 
Sadness/Depression                                  Sleepiness                   Contentment/ 
 
 
 
 
 
 
 
Sometimes possible explanations for an event are plausible and sometimes they are not.  
Using this scale, please rate how plausible you find the first explanation.   
   
Why did you choose this rating? 
 
 
       1                 2                 3                   4                  5                    6                    7 
 
Not at all                       As plausible                Completely 
plausible                as not                               plausible 
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Another possible explanation: 
 
There has been an increase in the population of lizards that prey on platypus eggs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
How plausible do you find the second explanation?   
 
Why did you choose this rating? 
 
 
       1                 2                 3                   4                  5                    6                    7 
 
Not at all                       As plausible                Completely 
plausible                as not                               plausible 
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Once any explanation is proposed, it needs to be evaluated to see how likely it is to be 
correct.  How would you evaluate the first explanation?  What sort of information would 
you like to have to help you decide whether it’s likely to be correct?  Imagine you had a 
very efficient research assistant.  What sorts of information would you like your assistant 
to gather?   
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You’ve suggested several pieces of information that might help you evaluate this 
explanation.   
 
When people make suggestions, they often suggest some things that will be very useful 
and some that will be less useful.   
 
Please rate how useful you think each piece of information will be.   
 
Please also tell me why you chose each rating.   
 
 
       1                 2                 3                   4                  5                    6                    7 
 
Not at all               As Useful                Completely 
  Useful                 As Not                    Useful 
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Tables 
 

Table 1: ANOVA With Gender and Generation of Alternatives: Alt.0count is the 
frequency of those who did not generate alternatives, Alt.1count is the frequency of those 
who generated a genuine alternative, Alt.2count is the frequency of those who generated 
modification/combination alternative, and TotalAlternatives is the genuine and 
modification/combination together. 
 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups .003 1 .003 .002 .966
Within Groups 201.228 115 1.750    

Alternative0count 

Total 201.231 116      
Between Groups .008 1 .008 .009 .923
Within Groups 96.411 115 .838    

Alternative1count 

Total 96.419 116      
Between Groups .006 1 .006 .044 .834
Within Groups 15.397 115 .134    

Alternative2count 

Total 15.403 116      
Between Groups .249 1 .249 .164 .686
Within Groups 174.537 115 1.518    

TotalAlternatives 

Total 174.786 116      
 
Table 2: ANOVA With Story Problem and can be Generalized to the story problem pairs 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 5.958 5 1.192 .677 .641
Within Groups 195.273 111 1.759    

Alternative0count 

Total 201.231 116      
Between Groups 5.804 5 1.161 1.422 .222
Within Groups 90.615 111 .816    

Alternative1count 

Total 96.419 116      
Between Groups .724 5 .145 1.095 .367
Within Groups 14.679 111 .132    

Alternative2count 

Total 15.403 116      
Between Groups 11.430 5 2.286 1.553 .179
Within Groups 163.356 111 1.472    

TotalAlternatives 

Total 174.786 116      
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Table 3: ANOVA With Target Explanation A or B.  
 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups .012 1 .012 .012 .912
Within Groups 54.572 58 .941    

Alternative0count 

Total 54.583 59      
Between Groups .299 1 .299 .544 .464
Within Groups 31.884 58 .550    

Alternative1count 

Total 32.183 59      
Between Groups .001 1 .001 .007 .933
Within Groups 5.399 58 .093    

Alternative2count 

Total 5.400 59      
Between Groups .007 1 .007 .008 .927
Within Groups 51.326 58 .885    

TotalAlternatives 

Total 51.333 59      

 
Table 4: ANOVA Type of Alternative and Causal Mechanism 
 

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 24001.449 3 8000.483 10.696 .000
Within Groups 84525.474 113 748.013    

Alternate0 

Total 108526.92
3 116     

Between Groups 11422.333 3 3807.444 8.122 .000
Within Groups 52974.676 113 468.802    

Alternate1 

Total 64397.009 116     
Between Groups 568.485 3 189.495 1.266 .290
Within Groups 16917.412 113 149.712    

Alternate2 

Total 17485.897 116     
 
Table 5: Kruskal-Wallis Test Total percentage of alternatives generated, genuine 
alternative 
 
 Ranks 
 
  Condition N Mean Rank 

3.00 14 11.21
4.00 6 8.83

percgenalt_totalalt 

Total 20  
3.00 16 20.00
4.00 15 11.73

Alternateperc1 

Total 31  
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 Test Statistics(a,b) 
 

  
percgenalt_tota

lalt 
Alternatep

erc1 
Chi-Square .750 8.330
df 1 1
Asymp. Sig. .386 .004

a  Kruskal Wallis Test 
 
Table 6 Mann-Whitney Test of the percentage of total alternatives, genuine alternatives 
and modification/combination alternatives generated. 
 
 Ranks 
 
  Condition N Mean Rank Sum of Ranks 

3.00 14 11.21 157.00
4.00 6 8.83 53.00

percgenalt_totalalt 

Total 20   
3.00 16 20.00 320.00
4.00 15 11.73 176.00

Alternateperc1 

Total 31   
3.00 16 16.47 263.50
4.00 15 15.50 232.50

Alternateperc2 

Total 31   
 
 
 Test Statistics(b) 
 

  
percgenalt_tota

lalt 
Alternatep

erc1 
Alternatep

erc2 
Mann-Whitney U 32.000 56.000 112.500
Wilcoxon W 53.000 176.000 232.500
Z -.866 -2.886 -.463
Asymp. Sig. (2-tailed) .386 .004 .643
Exact Sig. [2*(1-tailed 
Sig.)] .444(a) .011(a) .770(a)

a  Not corrected for ties. 
b  Grouping Variable: Condition 
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Figures 
 
Figure 1 
Interactive Graph illustrating the total count of the percentage of genuine alternatives 
across conditions.  Focus on Conditions 3 and 4.   
 

Bars show counts
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