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Previous research has demonstrated that intuitive judgments of time-
loss are often biased: overestimated when a high speed is slowed down 
and underestimated when a low speed is decreased further. Yet, no 
findings provide cognitive explanations of the bias. The present study 
(a) collected numerical judgments of time-loss by assigning 
participants to seven speed matching problems, and (b) collected verbal 
protocols of participants judgment processes. To identify different 
decision rules on the individual level, a spectral analysis of judgments 
was used. The findings show that the ratio rule was most frequently 
used and similar to the well researched time-saving bias, a ratio 
heuristic and a difference heuristic could model a majority of the time-
loss bias. The validity of the method is supported by a significant 
correspondence between the spectral analysis measure and the 
qualitative analysis for consistent participants. By including affect as a 
third variable, future research could get a closer understanding of the 
bias effect in real life and consequently develop strategies that can 
improve road safety.  

 

Daily, people make intuitive judgments and decisions about the likelihood of events, how 
various phenomena are related to each other and the physical quantity of something (e.g 
distance) (Tversky & Kahneman, 1974). These decisions are often characterized by uncertainty 
and are rapid, automatic and based on affect rather than on deeper analysis and reasoning 
(Slovic, Finucane, Peters & MacGregor, 2007). Thus, can many intuitive decisions be 
explained by the fact that people tend to convert relatively complex tasks to simpler judgmental 
operations with the aid of heuristic principles or, in other words, simplified cognitive rules 
(Kahneman, Slovic & Tversky, 1982). This sometimes leads to systematic errors and biases in 
a broad array of contexts (Bartels, 2005; Kahneman et. al, 1982; Slovic et al, 2007) and not 
least in the driving-context (Eriksson, Svenson & Eriksson, 2013; Eriksson, Patten, Svenson & 
Eriksson, 2015; Fuller et al., 2009; Peer & Gamliel, 2012; Peer & Solomon, 2012; Svenson, 
2008, 2009). Imagine, for example, that you are driving and realize that you are running late. 
Consequently, you feel stressed and come to the conclusion that if you increase your driving 
speed, you will probably arrive on time. That decision (to speed-up) is based on a judgment 
that a speed increase given the distance will give a certain time-saving, but does it really reflect 
the normative relationship between speed and travel time? 

 Importantly, bias and heuristics does not always lead to errors, instead they can be very helpful 
to manage our day to day life. Still, knowledge about the biasing effect and correct information 
provided can correct the inferential errors and thereby help people to make decisions that 
favour their own interests (Raue & Scholl, 2018). Thus, research on grounded in intuitive 
reasoning can contribute to suggestions about how to avoid inferential biases and an 
understanding of the cognitive processes producing them (Kahneman et al., 1982). In traffic, 
1.35 million people die each year due to road traffic accidents and it is the leading cause of 
death for the world’s young population (WHO, 2018). Consequently, research on drivers’ 
thinking, decisions, and judgment behaviour is a highly important field of study. Accordingly, 
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 the present research is a descriptive study with the aim to contribute to the mapping of the 

cognitive heuristic processes behind intuitive judgements of time-loss in the driving context.  
 
The present paper will discuss the time-saving bias and the time-loss bias. The time-loss bias 
implies that people tend to underestimate time that is lost when speed is decreased from an 
initial low speed (< 50 km/h) and overestimate time that is lost when speed is decreased from 
an initial high speed (> 80 km/h) (Fuller et al., 2009; Svenson & Salo, 2010; Svenson & 
Treurniet, 2017). The time-saving bias works in a corresponding way, the time saved by 
increasing a slow speed further is underestimated and the time saved by increasing an initial 
high speed is overestimated (Eriksson et al., 2015; Fuller et al., 2009; Peer, 2010, 2011; Peer 
& Gamliel, 2012; Peer & Solomon, 2012; Svenson, 1970, 2008, 2009). Both of these biases 
can be explained by the fact that the relationship between speed and time is a rather complex, 
curvilinear function, which makes it difficult for people to make correct intuitive judgments 
and they therefore use simpler heuristics instead of the correct formula (Svenson, 2008).  
 
So, how can knowledge and information about the true relationship of speed and time be in 
favour for people’s interest? For example, Tscharaktschiew (2016) did a study based on data 
from the German highway where willingness to pay were put in relation to the time-saving 
bias. The results showed that due to the time-saving bias drivers get a skewed perception of 
how beneficial a speed increase is in relation to the increased accident risk and fuel 
consumption. They concluded that from an economical perspective, German drivers could save 
as much as €500-1500 if they managed to avoid being subjects of the bias. Also, drivers with 
a low time-saving bias end up speeding more rarely than drivers with a high time-saving bias 
(Peer, 2011). In addition to the driving-context, the time-saving bias has been found to be the 
source of systematic errors in the factory context1, in the healthcare context2 and in consumer 
behaviour (De Langhe & Puntoni, 2016).	 Consequently, awareness of the bias effect could 
benefit a wide range of individuals and organizations. 

Research on time-saving have emphasized just the presence of the judgment bias effect 
(Eriksson et al., 2015; Svenson 2008; Svenson & Treurniet, 2017), and that the use of 
heuristics, or simpler judgment rules, producing the time-saving bias differs between 
individuals (Eriksson et al., 2015; Svenson, Gonzalez & Eriksson, 2018). Still, there is 
relatively little empirical evidence for the time-loss bias and whether the predictions of the 
time-saving bias can be applied to the time-loss bias or not (Svenson & Eriksson, 2017).  

The present study will replicate the study by Svenson and Treurniet (2017). The study approach 
is explained by the authors’s as: “a questionnaire technique will be used to describe two 
alternative equally long road reconstructions, A and B and the mean speed on each of them 
before any construction work has started, e.g., A = 55 km/h and B = 110 km/h. We then give 
the expected lower mean speed during reconstruction for one of the alternatives, e.g., A = 35 
km/h and ask participants to estimate the lower speed of B that would give the same time loss 
as alternative A. Hence, the estimated lower speed of B gives the same perceived time loss and 
accessibility for both construction alternatives (other factors constant)” (Svenson & Treurniet, 
                                                
1 In the factory context, a study by Svenson (2011) demonstrated that the gain of increased productivity was 
overestimated when increasing an already high speed and underestimated the productivity gained by increasing 
productivity from an initial low speed. 
2 In the healthcare context, participants were asked to decide which out of two hospitals that should be reorganized 
in order to increase doctors time with patients (Svenson, 2008). As predicted, participant favoured the hospital 
that was the most efficient from the beginning and thereby underestimated the impact of an increase from a 
relatively slow initial speed. 
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2017 p. 145). Hereafter this questionnaire technique will be referred to as matching speed 
problems. The present study analyzed data from speed matching problems in two studies with 
the aim to search for, and possibly identify simpler judgment rules producing biased time-loss 
judgments. In the following, the time-saving bias and the time-loss bias will first be presented. 
Secondly, because the present study assumed that the time-loss bias is produced 
correspondingly to the time-saving bias, the most prominent heuristics identified in research 
on the time-saving bias will be reviewed. Additionally, equations that describe how these 
heuristics can be converted to decision rules and how each decision rule produce a biased time-
loss judgment will be given.  
 
The Time-saving Bias 
By asking participants to estimate how much time they would save from a mean speed increase 
for a given distance, Svenson (1970) found the first empirical evidence for the time-saving 
bias. Since then, results from a good deal of research have replicated and found evidence 
supporting the systematic time-saving errors through questionnaire tasks (Eriksson et al., 2015; 
Fuller et al., 2009; Peer & Gamliel, 2012; Peer & Solomon, 2012; Svenson, 2008, 2009) as 
well as letting participants drive in a driving simulator (Eriksson et al., 2013). Regardless of 
study design, the same time-saving bias was demonstrated, and questionnaires can thereby be 
considered as a valid method for investigating driving-related judgments (Eriksson et al., 
2013). Importantly the bias seems to be rather robust across heterogeneous individuals in terms 
of formal education, experience and training (Peer & Solomon, 2012; Svenson, 2009) as well 
as across individual differences in terms of age, gender and speeding tickets (Peer, 2010). Also, 
the time-saving bias seems to be a greater predictor of drivers’ choice of speed as well as of 
estimates of speed required to complete a distance, than of individual driving behavior such as 
attitudes and norms (Peer, 2011). 
 
The Time-loss Bias 
In contrast to the time-saving bias, research on the time-loss bias is not as well established 
(Svenson & Eriksson, 2017), but research verifies its existence (Fuller et al., 2009; Svenson & 
Treurniet, 2017). Firstly, a study by Fuller et al. (2009), assigned participants to problems 
where they were asked to report how much time they would lose when the initial speed, 60 
mph or 30 mph, was decreased with 10 mph. The distance driven was always 10 miles. As 
predicted based on the evidence for the time-saving bias, the result showed that due to neglect 
of initial speed, participants overestimated the time-loss when the initial speed was low and 
overestimated the time-loss when the initial speed was high. Another study showed that 
participants underestimated the mean speed over a given distance where a part of the distance 
demanded a speed decrease (Svenson & Salo, 2010). A later study by Svenson and Treurniet 
(2017) verified a significant presence of the time-loss bias and that the bias effect was not 
affected by people’s education (e.g. engineering compared to social science). The correct, 
normative formula to calculate time-loss is described in equation (1), where c is a constant and 
D stands for distance, V1 represent the original mean speed and V2 the new decreased speed.  
 
Times-loss = cD(1/V2 − 1/V1)     (1) 

Equation (2) describes the same rule in a different version.  

Time-loss =	cD(V1 – V2 ) / (V1 · V2)    (2) 

Instead of applying the correct formula, empirical research suggests that people tend to use 
subjective judgment rules that requires less mental effort (Svenson, 1970). Thus, it is 
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reasonable to assume that participants in the present study do not to follow Eq. (1) or (2) when 
making their time-loss judgments.  
 
Decision Rules  
The most prominent simpler judgment strategies that have been highlighted as predictors of 
the time saving bias are the proportion, or ratio heuristics and the difference heuristics (Peer & 
Gamliel 2012; Svenson, 2008; Svenson et al., 2018). These heuristics are so called 
computational strategies, which refers to an application of algorithms to the given information 
(Svenson, 2016). Or in other words, the cognitive process activated to reach a judgment are 
based on mathematical operations of mental arithmetic’s such as subtraction, addition and 
division (Ashcraft, 1992). As heuristics will be used by participants to reach a decision, or 
judgment in speed matching problems, they will be referred to as decision rules.   
 
The Proportion Heuristics 
People are accustomed to speaking about proportions in terms of percent and tend to describe 
events or conditions in the form of a percentage probability even though it does not conform 
to the normative theory (Bartels, 2005). This has also been found to be the case for time-saving 
judgments and several studies have found a non-linear proportional rule to be the greatest 
predictor of the time-saving bias (Peer & Gamliel, 2012; Svenson, 1970, 2008). For example, 
Svenson (2008) studied the deviation of participants estimations from the normative values 
towards the predicted proportional rule value for time-saving judgments in matching speed 
problems. The results showed that participants mean responses were adjusted above the 
normative values towards the proportional rule value (Svenson, 2008). The following equation 
describe one proportional rule for time-loss judgments in which β and c are fitted constants, D 
is the distance driven, V1 denotes the initial higher speed and V2 the new decreased speed. 
 
Times lost =	c	D	β(V1-V2) / V1     (3)
   
As the equation describes, by ignoring V2 in the denominator of Eq. (2) the correct formula is 
simplified to Eq. (3). This means that, compared to the correct formula the proportional rule 
keeps the proportional speed change as a constant ratio (Svenson, 2008). Or in other words, 
when using the proportional rule to judge time-loss due to a speed decrease, the importance of 
initial speed is neglected (Fuller et al., 2009).  
 
All the matching problems in the present study will assume a constant distance which means 
that the proportional rule can be reformulated to a simpler equation, the matching ratio rule, or 
simply the ratio rule (Svenson et al., 2018). As a predictor of the time-loss bias, judging time 
lost due to decreased speed, in relation to a reference decrease, the ratio rule works as follows, 
J describes the matching time lost judgment: 
 
 (V1− V2)/V1 = (V3-J)/V3; V1/V2 = V3/J.     (4) 
 
The Difference Heuristics 
The second simplified decision rule refers to misperception of the relationship between speed 
and time by assuming linearity. It has been found to be the largest predictor of the time-saving 
bias in a study by Peer (2010) and later by Svenson et al. (2018). Therefore, it was hypothesized 
that when speed is decreased, some judgments of time-loss will follow the difference rule 
described in equation (5). 
 
Times lost =	c	D	β(V1-V2)      (5) 
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In the equation, β and c are fitted constants, D is the distance driven, V1 denotes the initial 
higher speed and V2 the new decreased speed. As described in the equation, the denominator is 
constant = 1.0. This means that the judgment is based entirely on the difference between the 
initial speed and the increased speed (Svenson et al., 2018). In time-loss speed matching 
problems that are used in the present study, the difference rule can be formulated to equation 
(6). 
 
 (V1− V2) = (V3-J)     (6) 
 
It is interesting to note that all abovementioned studies tested whether the mean value of 
participant’s judgments deviated significantly from the normative values (Peer 2012; Svenson, 
2008; Svenson & Treurniet, 2017). That means that individual differences are neglected. An 
attempt to get closer to peoples’ use of heuristics was done by Peer (2010). He found evidence 
for both the difference heuristics and the proportional heuristics as predictors of the biased 
judgments. Unfortunately, the study had an inadequate system in order to be able to derive 
which responses were produced by the respective decision rule. This led to many overlaps of 
rules and no conclusion could be drawn about the frequency of the different heuristic rules 
(Peer, 2010). A more successful method to study people’s judgment behaviour on an individual 
level was applied in a recent study (Svenson et al., 2018). They used a version of spectral 
analysis of time-saving judgments to find patterns of frequencies in data from matching speed 
problems. The method enabled an analysis of which decision rule each participant had used for 
each problem. The results revealed that most of the problems (47,2%) were solved by the 
difference rule compared to the use of the ratio rule (30,5%), which indicates that the linear 
rule gives better predictions of time-saving judgments than a curvilinear rule. Only a small 
number of the judgments were correct (3%). The authors concluded that in order to reduce the 
bias one must understand the bias on a level of individual, micro analyses of approaches rather 
than on a universal, macro level.  
 
On the basis of the assumption that the ratio rule could approximate the time-saving bias, 
Svenson and Treurniet (2017) hypothesized that the same predictions could be drawn for the 
time-loss bias. However, their statistical analysis showed that neither the ratio rule nor the 
difference rule fitted participants mean judgments. That leaves the question concerning what 
heuristics people use when estimating time-loss and which decision rules that can predict the 
time-loss bias unanswered. To fill this gap, the present research applied the spectral analysis 
method to go beyond the results from a statistical analysis of means towards an individual level 
analysis and thus, identify simpler judgment rules producing biased time-loss judgments.  
 
Theories of judgments and decision making have added information about the human decision 
and judgment processes by process tracing data (e.g. verbal protocols) that other methodologies 
have not captured (Ranyard & Svenson, 2011). Also, the use of statistical norms as a method 
to evaluate how people succeed in the real-world has been questioned (Gigerenzer, & Murray, 
2015). Thus, verbal reports could be used as a complement to numerical data from a matching 
speed problem to possibly get a deeper understanding of the psychological process behind the 
mathematical models of decisions rules producing the time-loss bias. Therefore, the present 
study added a verbal analysis of written verbal reports to both studies, as a supplementary 
source of data with the aim to reveal strategies that the matching problems does not capture.  

Study 1 
 
The data for study 1 were collected by Svenson and Treurniet (2017) but were only partially 
analysed by these researchers. Svenson and Treurniet (2017) applied an experimental study 
design, focusing on whether there were significant differences between groups due to a 
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debiasing teaching instruction3 or not, and they investigated the time-loss bias in terms of 
deviations from the correct values. The present study applied a version of spectral analysis to 
the data that was collected by Svenson and Treurniet (2017) before participants were given 
debiasing instructions. By looking at each time-loss judgment separately, the spectral analysis 
gives a more detailed description of the cognitive process producing the judgments compared 
to mean averages. Hence, despite of Svenson and Treurniet’s (2017) before mentioned non-
significant results, the hypothesis that the time-loss bias would follow the same predictions as 
the time-saving bias was kept. With this in mind, participants were expected to apply the 
matching ratio rule (Eq. 4) or the difference rule (Eq. 6), rather than the correct formula (Eq. 
1,2) to reach a judgment to the problems. Importantly, the analysis was not limited to these 
predictors alone (the ratio rule and the difference rule). Instead, by using the spectral analysis 
it was possible that other unknown rules would appear as predictors of the time-loss bias in the 
analysis. Furthermore, Svenson and Treurniet (2017) collected written verbal protocols that 
were never analysed which will therefore be analysed in the present study.  
 

Method  
Participants  
Svenson and Treurniet (2017) recruited participants by handing out questionnaires to students 
at the Department of Psychology at Stockholm University and at KTH Royal Institute of 
Technology in Stockholm. They describe their sample of participants as: “Six participants who 
studied another field than engineering or social sciences or for whom information about studies 
was missing were excluded. The questionnaires ended with a problem checking whether a 
participant had read the problem instructions or not. Fifteen participants who failed this test 
were excluded. Finally, 126 participants remained for the study, 63 students of engineering (14 
female) and 63 students of social sciences (44 female). The participants’ ages varied between 
19 and 47 years (M = 25.08, SD = 5.44) and 95 participants reported having a driving license 
(51 in the engineering group and 44 in the social sciences group).” (Svenson & Treurniet, 2017, 
p. 148). Because the present study had no intentions to study possible effects of debiasing 
instructions, only 83 participants of the initial sample size (N=126) were included in the study. 
The randomized groups were kept consistent with the initial study design, group I (n1=41) and 
group II (n2=42)4. 

 
Material 
The material was explained by Svenson and Treurniet (2018, p 148) as “the participants were 
instructed to compare two speed decreased situations, A and B and were instructed to fill in the 
lower new speed in situation B, that would give the same time loss as the speed decrease of A. 
The distance driven was always 25 km.” An example of a matching speed problem was:  
 
A    B  
Present speed: 40 km/h 
New speed:  30 km/h   
    

 Present speed: 130 km/h 
New speed: __ km/h 

 
The original study by Svenson & Treurniet (2017) assigned participants to 16 matching speed 
problems divided in two sets. The present study included only the problems for which the 
different judgment rules (ratio rule and difference rule) give clearly different predictions for 
                                                
3 The debiasing instruction was an illustration of the curvilinear relationship between speed and time. The results 
showed that the bias was slightly reduced by the instructions for some speed matching problems assigned to 
participants (Svenson & Treurniet, 2017). The present study had no intention to study debiasing effects.  
4 Participants were randomly assigned to a condition, with an equal number of KTH students as social science 
students in each condition. 
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the reason that participants’ judgments could thereby be separated in relation to the respectively 
decision rule. Consequently, seven speed matching problem (of the 16) were included in the 
analysis and are specified in Table 1.  
 
Table 1. Speed matching problems included in the present study.   
 Set 1   Set 2 
 A  B   A  B 
1 40 km/h / 30 km/h  130 km/h / _km/h  4 30 km/h  / 15 km/h    80  km/h / _km/h 
2 55 km/h / 35 km/h    90 km/h / _ km/h  5 60 km/h / 45 km/h    110 km/h / _km/h 
3 25 km/h / 10 km/h    70 km/h / _km/h  6 50 km/h / 30 km/h    105 km/h / _km/h 
     7 45 km/h / 35 km/h    125 km/h / _km/h 

 
After the speed matching problems, participants were asked to report (in writing) their thoughts 
while solving the problems. The verbal free-text entry questions were (1) “How did you reach 
an answer to the problems? Please explain”, (2) “Did you develop any “thumb rules” to 
simplify the problems? If so, please describe them below”, and (3) ”Did you use the same 
judgment strategy for all cases, or did you use different strategies for different problems? If 
you used different strategies, please explain why”. 5   
 
Procedure 
Participants were not allowed to use calculators, phones, other external aids and were not 
allowed to discuss the questionnaire with another student. The time to finish the questionnaire 
varied between 15 and 45 minutes and took part at different location in the university buildings 
of KTH and Stockholm University.  
 
The instructions given before participants answered the verbal free-text entry questions were 
the following: “What were your thoughts while solving the problems? You can describe how 
you felt and thought when you judged the problems. You may answer in English or Swedish. 
Use the language you are most familiar with. For ease, we give you the numbers of the 
problems in alphabetic form (a, b, c and x)”: 
 
A    B  
Present speed: (a) km / h   
New speed: (b) km / h      

 Present speed: (c) km / h   
New speed: (x) km/h                                       

 
Design 
As has been mentioned, the present study (compared to Svenson & Treurniet) was not 
interested in the effects of debiasing instructions. Consequently, the study design of the present 
study differs from the initial design. Our final research design is given in Table 2. Both group 
I and group II were included in the analysis of the first set of matching speed problems (problem 
1-3), but the analysis of the second set of problems (problem 4-7) included only group I6. 
 
Table 2. The research design.   
Condition  Problem set 1 (Prob. 1-3)  Problem set 2 (Prob. 4-7) Verbal protocols 
Group I (n=41) Spectral analysis Spectral analysis Qualitative analysis 
Group II (n=42)   Spectral analysis - - 

                                                
    5 Also, information about age, nationality, perceived correctness of their answers, field of study, if the 
participant’s used the same strategy for all problems and questions about driving experience were asked for.  
    6 Group II were also given both sets of problems, but with a debiasing (teaching) instructions in between set 1 
and set 2. Because, the present study wanted to study intuitive judgments without any influences of a teaching 
instruction, group II was not included in the verbal protocol analysis, nor in the numerical analysis of the second 
set of problems. 
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For group I, the verbal free-text entry questions were categorized, and each protocol was coded 
and linked to a decision rule (e.g. ratio rule, difference rule, unknown or the correct formula). 
To determine consistency among the raters an interrater reliability analysis in terms of the 
Kappa statistics was used. 

 
Results Study 1 

 
Spectral Analysis (Quantitative measure) 
By looking at the frequency distribution of responses on the number line for each problem 
clusters of judgments could be identified at several locations on the response continuum. The 
largest cluster of responses surrounding the mode was first identified. Judgments that were 
close to a mode (± 2,5 units) were assigned to that cluster.  When that cluster was removed, a 
new mode and cluster could be identified. Each cluster of responses that summarized at least 
9,5% of the responses was matched with a decision rule. In absence of a known decision rule 
(the ratio rule and the difference rule) a cluster was categorized as “unidentified rule”. All 
judgments within the same cluster were classified as a product of the corresponding, inferred 
decision rule. Judgments that did not correspond to any of the clusters (more than ± 2,5 units 
from a mode) were classified as unknown. A small number of correct judgments were classified 
as correct.  
 
Table 3 presents the distribution of judgments for the seven problems divided into set 1 and set 
2 (see Appendix A for histograms over the frequencies).  

 
Table 3. Distribution of judgments for each problem and the total sum for all problems within a problem set.  

 Problem set 1   Problem set 2  Sum 

Rule and example 
N 

1 
83 

2 
83 

3 
83 

Sum  
83 

 4 
41 

5 
41 

6 
41 

7 
41 

Sum  
41 

 Prob. 
 1-7 

Matching ratios 
speed    
VA2 /VA1 = J / VB1 

19 
(22,9%) 

14 
(16,9%) 

28 
(33,7%) 

61 
(24,5%)  24 

(58,5%) 
14 

(34,1%) 
11 

(26,8%) 
15 

(36,6%) 
64 

(39%)  125 
(30,3%) 

Difference J = VA1-
VA2 or VA1-VA2 =  
J - VB1 

12 
(14,5%) 

24 
(28,9%) 

14 
(16,9%) 

50 
(20,1%)  5 

(12,2%) 
8 

(19,5%) 
8 

(19,5%) 
9 

(22%) 
30 

(18%)  80 
(19,4%) 

Unidentified Rule 1 
(Sig. cluster, > 9,5%) 

12 
(14,5%) 

15 
(18,1%) 

11 
(13,3%) 

48 
(19,3%)   7 

(17,1%) 
7 

(17%) 
4 

(9,8%) 
22 

(14%)  
70 

(16,9%) Unidentified Rule 2 
(Sig. cluster, > 9,5%) 

10 
(12%) 

  11 
(4,4%) 

    4 
(9,8%)   

Correct  1 
(1,2%) 

2 
(2,4%) 

6 
(7,2%) 

9 
(3.6%) 

 3 
(7,3%) 

3 
(7,3%) 

1 
(2,4%) 

0 
 

7 
(4%)  16 

(4%) 

Unknown  29 
(34,9%) 

28 
(33,7%) 

24 
(28,9%) 

81 
(32,5%) 

 9 
(22%) 

9 
(22%) 

14 
(34%) 

9 
(22%) 

42 
(26%)  122 

(29,5%) 

Note: The formulas describe the rule used to produce the response. J stands for judgment. The numbers stand for 
the frequency of judgments produced by each rule for each problem.  
 
In total, the result shows that the largest part of the judgments could be explained by the 
(matching) ratio rule (30,3%) and the difference rule (19,4%).  
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However, the ratio rule explained a majority of the judgments for all problems except for 
problem (2), for which the difference rule explained the majority. For all problems but problem 
(4) at least one unidentified cluster of responses was identified. Of the total, 17% were 
classified as a result of an unidentified rule. The proportion of unknown judgments was 29,5%. 
To conclude, 70% of the judgments could be coupled with the ratio-, difference-, correct- or 
unidentified rules. As the ratio rule explained more judgments than the difference rule, a 
curvilinear rule was a better predictor of the time-loss bias, than a linear rule.  
 
 
Consistency of Rule Across Problems 
Next, the intention was to study 
whether participants systematically 
used the same strategy across 
problems or if they used different 
decision rules for different problems. 
If participants used the same decision 
rule to solve 4 or more of the 7 
problems, they were defined as 
consistent. For the purpose to study 
consistency across all 7 problems, 
only judgments from group I were 
included in the analysis. The results 
are given in Table 4 divided in two 
categories: the left column includes 
participants who used the same rule to 
solve 4-5 problems, and the right 
column includes participants who 
used the same rule to solve 6-7 
problems. The result shows that 32% 
(13) of the participants were consistent users of the ratio rule, 15% (6) were difference rule 
users, and no participant reported the correct solution for 4 problems or more. Only one 
participant reported more than 4 judgments matched with the unidentified rules. In total, 49% 
(13+6+1) of the participants were classified as consistent users of a decision rule.  
 

Verbal Protocols (Qualitative measure) 
A shortcoming in the study design of Svenson and Treurniet (2017) was that group II (n2=42) 
verbally reported how they reached their time-loss judgments for the first set of problems, after 
they had been given the debiasing instructions. As a consequence, their verbal descriptions 
could possibly be an attempt to emphasize that they understood the debiasing instructions rather 
than a description of how they actually reached their judgments. This would decrease the 
validity of the verbal protocol analysis and they were therefore not included. Consequently, 
this qualitative analysis only included group I (n1=41). The questions asked were (1) “How did 
you reach an answer to the problems?” and (2) “Did you develop any “thumb rules” to simplify 
the problems? If so, please describe them below”.  The answers to both questions were coded 
together as one verbal protocol.  
 
The initial coding scheme had two categories: the ratio rule (Eq. 4) and the difference rule (Eq. 
6). Protocols describing one of these rules in words or in numbers were coded correspondingly. 
It was noticed that some participants described a use of either the ratio rule or the difference 
rule to first reach an estimate and secondly, adjusted that estimate before reporting their 
judgment. As a result, a subcategory was added under the initial decision rule called “adjusted”. 

Table 4. Consistency of rule used for 4-5 problems and for 6-7 
of the 7 problems. The formulas describe the rule used to 
produce the response. J stands for judgment. 

Rule and example 
N 

4-5 Prob. 
41 

6-7 Prob. 
41 

Sum  
41 

Matching ratios speed    
VA2 /VA1 = J / VB1 

 13 
(32%)   

- 13 
(32%) 

Difference J = VA1-VA2 
or VA1-VA2 = J - VB1 

2  
(5%) 

4 
(10%) 

6 
(15%) 

Unidentified Rule  
(Sig. cluster, > 9,5%) 

1 
(2%) 

- 1  
(2%) 

Correct - -  0 

Other    21 
(51%) 
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In the remaining protocols, recurring explanations of a strategy based on the components 
distance and/or time was identified. These protocols were coded as distance &/or time. All 
protocols that could not be coupled with any of the above-mentioned strategies or had a lacking, 
unclear explanation of the judgment process were coded as unknown. One participant who 
reported the correct equation (Eq. 2) was coded as correct. The final coding scheme with 
explanations of each category and example statements is shown in Appendix B. It contains five 
categories and two subcategories as follows:  
 

1. Ratio rule 
1a. Ratio rule + Adjusted 

2. Difference rule 
2a. Difference rule + Adjusted 

3. Distance &/or Time (D/T) 
4. Unknown 
5. Correct 

 
All verbal protocols were coded by two raters separately. The result of the interrater reliability 
was Kappa = 0,873 (p <.0.001) considered a high level of agreement (Landis & Koch, 1977). 
After the initial coding, both coders agreed on coding of the deviating classifications. The result 
is shown in Table 5. A majority of the participants, 17 (41,5%) reported that they used the ratio 
rule only, and two (4,9%) reported that they initially used the ratio rule and thereafter adjusted 
their estimate to reach a final judgment. Six (14,6%) participants reported that they used the 
difference rule only, and three (7,3%) participants reported that they made adjustments in 
addition to the difference rule. Finally, four (9,8%) of the protocols were coded as “distance 
&/or time” and eight (19,5%) were coded as unknown.  
 

 
Verbal reports of consistency 
To get the participants' own cognitions of whether they used the same decision strategy for all 
problems, they were asked to answer the question: ”Did you use the same judgment strategy 
for all cases, or did you use different strategies for different problems? If you used different 
strategies, please explain why.” The answers were coded in two categories: (1) the same 
strategy or (2) not the same strategy. The responses were coded (1) if the following words were 
in their reports: “Yes”, “same”, “same way”, “applied the same strategy”, “did not change 
strategy”, “used the same”. The remaining responses were coded (2) if the following words 
were in their descriptions: “No”, “I had no strategy”, “a bit different”, “for the first it was the 
same but then changed”. Explanations of why they changed their strategy were not coded and 
will not be discussed further. The result showed that 80% (33) participant reported that they 
used the same strategy for all problems and the remaining 20% (8) reported that they did 
changed their strategy as they worked their way through the problems. 
  

 Table 5. Distribution of coded verbal protocols in accordance with the coding framework.  

Ratio rule Ratio + Adj. Difference rule Difference + Adj. D/T Correct Unknown 

17 
(41,5%) 

2 
(4,9%) 

6 
(14,6%) 

3 
(7,3%) 

4 
(9,8%) 

1 
(2,4) 

8 
(19,5) 

N=41       
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Quantitative and Qualitative analysis 
In order to study participants ability to report the cognitive processes behind their time-loss 
judgments and to validate the two measure methods, a comparison was done between the 
results from the quantitative spectral analysis and the qualitative protocol codings. Because the 
qualitative analysis included only group I, the comparison is based on the quantitative results 
for the same group which refers to the time-loss judgments for problem 4-7 (set 2) in Table 3. 
Looking at Table 3 and the qualitative results in Table 5, the frequency distribution of decision 
rules is fairly consistent across the two measures. More specifically, 39% of the judgments are 
described by the ratio rule in the spectral analysis and 41,5% of the protocols were coded as 
the ratio rule in the protocol analysis. The difference rule described 18% of the judgments in 
the spectral analysis and 14,6% of the protocols in the verbal analysis were in conformity with 
the same rule.  
 
Next, the intent was to study the conformity of the measurements on the individual level. As it 
was too extensive to study participants' time-loss judgments for each problem separately, the 
analysis was based on whether the participant was classified as consistent (used the same rule 
to solve 4 or more of the 7 problems) in the quantitative analysis or not. Although this division 
of participants resulted in relatively few samples, the result is presented in Table 6. The 
highlighted area in the matrix includes the consistent users of a specific rule crossed with their 
verbal protocol coding’s. The correspondence of the two measures was significant, X2 (8, n = 
20) = 20,51, p = .009. The non-consistent participants are placed in the outermost right column 
of the matrix, based solely on the coding’s of their verbal protocols.  
 
The result shows that of the 13 participants who were classified as consistent users of the ratio 
rule, 11 had verbal descriptions of the same rule, one had a protocol coded as Diff + Adj and 
one participant’s protocol was coded as unknown. Of the six consistent difference rule 
followers, three had verbal descriptions of the corresponding rule, two protocols were coded 
as unknown and 1 participant’s protocol was coded as Distance &/or time. The only participant 
who followed an unidentified rule consistently had a verbal protocol coded as unknown. 

Table 6. Cross tabulation of the coded verbal protocols and the results from the spectral analysis.  
Qualitative Quantitative   
   Consistent P (same rule for < 4 problems)   Non-consistent P 

 
Rule Ratio Diff Unidentified Correct 

  
 Ratio  11     6 
Verbal 
coding Ratio + Adj      2 

 Diff  3    3 
 Diff + Adj 1     2 
 Distance 

/time 
 1    3 

 Correct      1 

  Unknown  1 2 1    4 
 

Total  13 6 1  
 21 

N = 41 
Note: P = Participants. The numbers shown in boldface are the corresponding results. The correspondence of the 
two measures in the highlighted area is described by X2 (8, n = 20) = 20,51, 
 p < .01. 
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To conclude, 34% (11+3) of the participants had both time-loss judgments and verbal 
descriptions coupled to the same decision rule.  

Study 2 
 
Study 1 verified the time-loss bias. Study 2 is a verification replication and an extension of that 
study. The spectral analysis method was replicated, the consistency of rules used across 
problems was studied and verbal protocols were coded with the same coding scheme as in 
study 1. However, the present study was designed with a greater focus on the decision rules 
predicted to describe the judgments, rather than if the bias was produced. With the purpose to 
further study the cognitive processes behind the produced judgments, I wanted to validate the 
verbal codings against another factor than the speed matching judgments. Hence, a section in 
the questionnaire was added, that gave participants an explanation of the ratio rule and the 
difference rule and were then asked to assess on a scale how well their decision strategy 
corresponded to the respective rule.  
 

Method 
Participants 
To recruit participants, a link to a questionnaire designed in Qualtrics software was published 
on the authors’ social media. Also, some participants were recruited by handing out this link to 
students at KTH Royal Institute of technology in Stockholm. No compensation was given to 
participants. To be included in the study, participants were required to have a 100% response 
rate7. This resulted in 92 participants, of whom two participants who completed the study in 
less than 1.5 minutes and six participants who reported implausible answers (e.g. answered 3 
on all questions), were excluded from the study. Finally, 84 participants were retained for the 
study, of whom 51 were men and 33 were women, aged between 16 and 63 years (Mage = 31,86, 
SD = 9,21); 76 participants had a driver’s license. The highest level of education for nine 
participants were high school, 33 
participants had a bachelor’s degree 
and 42 participants had a master’s 
degree. 

 
Materials 
Participants were assigned the same 
matching speed problems as in study 1, 
presented in Table 7 (see Appendix C 
for full questionnaire and instructions). 
The instructions were replicated and 
described by Svenson and Treurniet (2017): “the participants were instructed to compare two 
speed decreased situations, A and B and were instructed to fill in the lower new speed in 
situation B, that would give the same time loss as the speed decrease of A. The distance driven 
was always 25 km.” (p. 148). An example of the presentation of a matching speed problem is 
problem 1:  
A    B  
Present speed: 40 km/h 
New speed:  30 km/h   
    

 Present speed: 130 km/h 
New speed: __ km/h 

                                                
7 Given that the criterion for complete answers was very strict, not one single box empty, the response rate was 
44% (91/205).  
 

Table 7. The speed matching problems included in the 
study 2.  
Problem Situation A  Situation B 

1 40 km/h / 30 km/h  130 km/h / _km/h 
2 55 km/h / 35 km/h    90 km/h / _ km/h 
3 25 km/h / 10 km/h    70 km/h / _km/h 
4 30 km/h / 15 km/h    80 km/h / _km/h 
5 60 km/h / 45 km/h    110 km/h / _km/h 
6 50 km/h / 30 km/h    105 km/h / _km/h 
7 45 km/h / 35 km/h    125 km/h / _km/h 
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The instructions in the verbal part of the questionnaire given in study 1 were also replicated: 
“What were your thoughts? You can describe how you felt and thought when you judged the 
problems. You may answer in English or Swedish. Use the language you are most familiar 
with. For your ease, we give you the numbers of the problems in alphabetic form (a, b, c and 
x)”: 
 
A    B  
Present speed: (a) km / h   
New speed: (b) km / h      

 Present speed: (c) km / h   
New speed: (x) km/h                                       

 
 A problem was given to a participant only once.  

 
Design  
The study was designed with one condition including all participants. The questionnaire 
consisted of three sections. The first section contained the speed matching problems and 
questions about gender, nationality, age, possession of driver’s license, level of education and 
field of study.  
 
The second section of the questionnaire consisted of free text-entry questions where 
participants were asked to report; (1) their thoughts while solving the problems, and (2) whether 
they used the same strategy for all problem or not. Participants were also asked to report if they 
thought other factors affected their responses beyond speed and time loss. As the latter reports 
did not give any systematic results, they will not be given any further attention in the paper.  
 
In the third section of the questionnaire, participants were asked to rate on a 10-point scale (1 
= not well at all and 10= Extremely well) how two statements, one describing the difference 
rule and one describing the matching ratio rule, corresponded to how they reached their 
answers. For example, the ratio rule statement was explained as “I decreased c with the same 
proportional decrease as I found between a and b.” At last, participants were given information 
that “some people start the judgment process by estimating a starting-point and then adjust that 
estimate to reach an answer” and were then asked if they did such adjustments. If they agreed 
with the statement they were asked to rate (on a scale from 0-10) if the ratio rule or the 
difference rule explained how they reached their starting-point. Thereafter, they were asked 
why they did such adjustments. However, only a few participants answered that they did such 
adjustments whereby the result was not analysed any further.  

 
Procedure 
Participants were informed that no personal identifying information would be sought after and 
that all responses were handled according to the ethical and scientific guidelines. Participants 
were not allowed to use calculators, phones or other external aids and the questionnaires were 
answered on participants’ own computers or smartphones without the presence of a test leader. 
Most of the participants (75%) completed the questionnaire in less than 25 minutes and 89% 
had finished within 60 minutes (Mduration = 122.59, SD = 489.38)8. 
  

                                                
8 9 participants took more than one hour to finish the questionnaire, of whom 3 participants took from 19-53h to 
finish. That explains the high Mduration and SD.  
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Results Study 2 
Time-loss Judgments (averages) 
Table 8 gives the average judgments, the correct values, the average bias and the predicted rule 
values (Eqs. 4 and 6) for each of the seven speed matching problem. As predicted, the 
judgments deviated significantly from the correct speeds and were clearly biased. This means 
that the higher speed in the judgment alternative (B) was not slowed down enough to match 
the slower speed in the reference alternative (A) Thus, the effects on travel time due to speed 
changes in low speeds were underestimated and overestimated when the initial speeds were 
high.  
 
The linear difference rule predictions also deviated significantly from the average judged time-
loss. The same relationship exists for the ratio rule predictions, except for problem (2) and (4) 
for which the speed judgments did not significantly deviate from the ratio rule predictions.  
 
Table 8. Average judgments, correct speeds, differences between judgments and correct speeds, the ratio rule 
predictions and the difference rule predictions for all speed matching problems. Study 2.  
        Predictions 

Problem  
Judgment average (J) 
N=84 Correct (C)  Bias (J-C)  Ratio Heuristics  Difference heuristics  

1 91,44 (20,03) 
[95% CI: 87,09-95,79] 62,4 29,04 97,50 120,00 

2 58,81 (9,96) 
[95% CI: 56,65-60,97] 46,51 12,30 57,27 70,00 

3 33,32 (12,69) 
[95% CI: 30,56-36,07] 13,46 19,86 28,00 55,00 

4 40,73 (12,86) 
[95% CI: 37,93-43,52] 21,82 18,91 40,00 65,00 

5 79,55 (11,92) 
[95% CI: 76,96-82,13] 68,28 11,27 82,50 95,00 

6 66,63 (14,23) 
[95% CI: 63,54-69,72] 43,75 22,88 63,00 85,00 

7 92,15 (17,66) 
[95% CI: 88,32-95,98] 69,69 22,46 97,22 115,00 

Note: CI = Confidence intervals. One sample t-test was used to compare average judgments with the correct 
solutions, the ratio heuristics and the difference heuristics. Significant deviations (p £.05) are shown in boldface.  

    
Spectral analysis (Quantitative measure) 
Next, a search of explanations of the deviating judgments was conducted. As in Study 1, 
clusters of judgments were identified on the response continuum based on modes and 
judgments (± 2,5) units from each mode. All judgments within the same cluster were classified 
as products of the same rule, hence each cluster was coupled with a decision rule. The results 
are shown in Table 9 (See Appendix D for histograms) and in line with the results from study 
1, only a modest number of solutions are correct.  
 
The matching ratio rule described most judgments (39%). Interestingly, the analysis of problem 
(2), (5) and (6) showed that each problem had two modes forming significant clusters 
(summarizing > 9.5% of the judgments), for which the matching ratio rule could be inferred 
from both clusters. To illustrate, for problem (5) the predicted ratio rule value was 82,5 and the 
modes were located at 80 and at 85 on the response continuum. That means that both modes 
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were located (± 2.5)9 units from the rule prediction value. All these judgments were therefore 
classified as products of the ratio rule and reported together in the result Table 9. As in study 
1, the problem with no unidentified cluster of responses and the largest proportion of judgments 
explained by the ratio rule was problem (4). A plausible explanation could be that the ratio rule 
was easy to apply to this problem. To illustrate, the initial speed in situation A is 30km/h and 
the new speed is 15km/h. If using the ratio rule, the corresponding decrease in situation B is 
80km/h (initial speed) divided by 2.  
 
The difference rule described 12% of the judgments. Interestingly, no cluster that summarized 
at least 9.5% of the judgments could be inferred with the difference rule for problems (4) and 
(5). The unidentified rules described 16% of the judgments, another 6% were solved by the 
correct formula and the proportion of unknown judgments was 27%.  
 
To conclude, a majority of the judgments (51%) could be described by either the ratio rule or 
the difference rule. The result from study 1, showing that more judgments were described by 
the ratio rule than by the difference rule was replicated. Thus, a curvilinear rule was a better 
predictor of the time-loss bias, than a linear rule. 
 

Table 9. Distribution of judgments for each problem and the sum for all problems. Study 2.  

 Problems   

Rule and example 
N 

1 
84 

2 
84 

3 
84 

4 
84 

5 
84 

6 
84 

7 
84 

 Sum 

Matching ratios speed    
VA2 /VA1 = J / VB1 

24 
(28,6%) 

35 
(42,9%) 

33 
(39,3%) 

44 
(52,4 %) 

39 
(46,4%) 

28 
(33,3%) 

26 
(31%) 

 229 
(39%) 

Difference J = VA1-VA2 
or VA1-VA2 = J - VB1 

9 
(10,7%) 

16 
(19,1%) 

9 
(10,7%) 

7 
(8,3%) 

7 
(8,3%) 

11 
(13,1%) 

11 
(13,1%) 

 70 
(12%) 

Unidentified Rule 1 
(Sig. cluster, > 9,5%) 

13 
(15,5%) 

15 
(17,9%) 

8 
(9,5%) 

 9 
(10,7%) 

13 
(15,5%) 

11 
(13,1%) 

 

94 
(16%) Unidentified Rule 2 

(Sig. cluster, > 9,5%) 
  

8 
(9,5%) 

 9 
(10,7%) 

8 
(9,5%) 

 
 

Correct  3 
(3,6%) 

2 
(2,4%) 

6 
(7,2%) 

10 
(11,9%) 

7 
(8,3%) 

4 
(4,8%) 

5 
(6%) 

 37 
(6%) 

Unknown  35 
(41,6%) 

16 
(19,1%) 

2 
(23,8%) 

23 
(27,4%) 

13 
(15%) 

20 
(23,8%) 

31 
(36,9%) 

 158 
(27%) 

Note: The formulas describe the rule used to produce the response. J stands for judgment. The numbers stand for 
the frequency of judgments produced by each rule for each problem.  
 

  

                                                
9 For problem (2) an exception was made from the criterion that a mode must be located (± 2.5) units from the 
rule prediction value to be classified as produced by the decision rule. That is, the predicted ratio rule value was 
57.27 and the clusters of judgments classified as produced by the ratio rule were located at 55 and at 60 on the 
response continuum. That means that the latter was located (+2,73) from the ratio rule value and in absence of an 
exception this cluster would have been classified as produced by an unidentified rule. However, because of the 
small deviation from the ratio rule value and from the classification criteria (0.23 units), it was considered 
misleading to classify the cluster as produced by an unidentified rule instead of the ratio rule.  
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Consistency of rule across problems 
Participants were defined as 
consistent users of a specific rule if 
their judgments were coupled with 
the same rule for 4 or more of the 7 
problems. Table 10 present the 
results divided into two groups 
with different criteria for 
consistency: those who used the 
same rules for 4-5 problems and 
those who used the same rule for 6-
7 problems. In contrast to study 2, 
where there were as many ratio rule 
followers as difference rule 
followers, the present study had a 
greater proportion of participants 
that systematically followed the 
ratio rule, 37%, than the difference 
rule, 8%. The correct solutions 
were consistently reported by three 
participants and one participant used the unidentified rule systematically. Hence, 49% 
(31+7+3) of the participants were classified as systematic users of either the ratio rule, the 
difference rule or the correct rule.  
 
Verbal Protocols (Qualitative measure) 
After participants had finished the matching speed problems, they were asked to answer the 
question: “What were your thoughts when you made your judgments? Please use the letters 
above if it helps you to explain your approach”. These protocols were coded with the coding 
scheme developed in study 1 (see Appendix B for full coding scheme) and coded by two raters 
separately. The result of the interrater reliability was Kappa = 0,919 (p <.0.001) considered a 
high level of agreement (Landis & Koch, 1977). The two raters agreed on the coding of the 
deviating classifications and the results are given in Table 11. The results from the coding in 
study 2 were replicated as the largest proportion, 41,7% of the participants reported verbal 
protocols describing the ratio rule, 16% described the difference rule, 10% described their 
strategy with the distance and time components, and one participant described the correct 
formula. The categories ratio + adjusted and difference + adjusted accounted for 4% each of 
the codings and 25% were coded as unknown. 
  

Table 10. Consistency of rule used for 4-5 problems or 6-7 of the 
7 problems. The formulas describe the rule used to produce the 
response. J stands for judgment. Study 2.  

Rule and example 
N 

4-5 Prob. 
84 

6-7 Prob. 
84 

Sum  
84 

Matching ratios speed    
VA2 /VA1 = J / VB1 

 23 
(27%)   

8 
(10%) 

31 (37%) 

Difference J = VA1-VA2 
or VA1-VA2 = J - VB1 

1 
(1%)  

6 
(7%) 

7  
(8%) 

Unidentified Rule 1 
(Sig. cluster, > 9,5%) 

1 
(1%)  

0 1 
(1%) 

Correct 2 
(2%) 

1 
(1%) 

3 
(4%) 

Other    42 (50%) 
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Verbal reports of consistency 
The second verbal free-entry question asked in the questionnaire was: ”Did you use the same 
judgment strategy for all cases, or did you use different strategies for different problems? If 
you used different strategies, please explain why.” The reports were classified accordingly to 
the same criterions as in study 1: the reports including the words: “Yes”, “same”, “same way”, 
“applied the same strategy”, “did not change strategy”, were classified as (1) that the same 
strategy were used across problems. All remaining descriptions were classified as (2) if the 
participant did not use the same strategy for all problems, and these replies contained 
descriptions such as: “No”, “I changed my strategy”, “a mix of strategies”, “for the first it was 
the same but then changed”. The result shows that 85% (71) of the participant reported that 
they used the same strategy for all problems and the remaining 15% (13) reported that they 
changed strategy as they worked their way through the problems. 
 
Assessments on scale of rule used 
Participants assessed the correspondence between their judgment strategy and the ratio rule 
and the difference rule respectively, on a 10-point scale (0=does not correspond to my strategy 
at all and 10= corresponds extremely well to my strategy). Participants were classified as users 
of one judgment rule over the other when one numerical response value was higher than the 
other (e.g. 8 on the ratio rule scale and 2 on the difference rule scale was classified as a ratio 
rule user). Participants who judged both scales as equal (e.g. rated 5 on the difference rule scale 
and 5 on the ratio rule scale) were classified as unknown. The result shows that 49% (41) of 
the participants reported that their strategy was in conformity with the ratio rule (“I decreased 
c with the same proportional decrease as I found between a and b”) and 21% (18) of the 
participants reported that their strategy was in conformity with the difference rule ("I made the 
difference between c and x the same as the difference between a and b"). The remaining 30% 
(25) of the participants were classified as unknown. This measure will be called assessments 
on scale of rule used in the following analyses. 
 
Quantitative and qualitative analysis 
In this section of the result, an individual comparison of each participant's quantitative reports 
and verbal reports was performed. The results are presented in Table 12. The highlighted area 
of the Table is a matrix including the participants classified as consistent users of a specific 
rule crossed with verbal report coding’s. The correspondence of the two measures was 
significant, X2 (12, n = 42) = 63,74, p < .01. The participants who were not classified as 

 Table 11. Distribution of coded verbal reports in accordance with the coding scheme for Study 
2 and for easy comparison, a copy of the results from Study 1. 

Ratio rule Ratio + Adj. Difference rule Difference + Adj. D/T Correct Unknown  

35 
(41,7%) 

3 
(4%) 

13 
(16%) 

3 
(4%) 

8 
(10%) 

1 
(1%) 

21 
(25%) 

N=84       

Study 1. 

17 
(41,5%) 

2 
(4,9%) 

6 
(14,6%) 

3 
(7,3%) 

4 
(9,8%) 

1 
(2,4) 

8 
(19,5) 

N=41       
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consistent are placed in the outermost right column of the matrix allocated solely based on the 
coding of their verbal reports.   
 
In the spectral analysis 31 participants were classified as consistent followers of the ratio rule. 
Of whom 26 (84%) verbally described their strategy correspondingly, one gave a verbal 
description coded as ratio + adjustment and two described the difference rule. Of the seven 
participants who followed the difference rule, one report was coded as unknown while the 
remaining six participants described the difference rule. As in study 1, the only participant who 
used the unidentified rule for more than four problems had a verbal report coded as unknown. 
Surprisingly, of the three participants who had correct solutions for more than four problems, 
two had verbal reports coded as distance &/or time and the third participant’s report was coded 
as unknown. The lack of correspondence between the two measures for participants with 
correct solutions and the coding’s of their verbal reports indicates a potential problem with the 
coding scheme. 
  
Table 12. Cross tabulation of the coded verbal protocols and the results from the spectral analysis.  

Qualitative Quantitative   

   Consistent P (same rule for < 4 problems)   Non-
consistent P 

 Rule Ratio Diff Unidentified Correct   
 Ratio  26     9 
Verbal 
coding Ratio + Adj 1     2 

 Diff 2 6    5 
 Diff + Adj      3 
 D/T    2  6 
 Correct      1 

  Unknown  2 1 1 1   16 
 Total  31 7 1 3  42 

N = 84 
Note: P = Participants. The numbers shown in boldface are results corresponding between the measures. 
The correspondence of the two measures in the highlighted area is described by X2 (12, n = 42) = 63,74, 
p < .01. 
 
In the next comparison the consistent participants assessments on scale of rule used were 
crossed with verbal report coding’s. The result is presented in Table 13 and the correspondence 
between the measures is significant, X2 (8, n = 42) = 20,57, p = .008). It shows that 16 
participants had verbal descriptions of the ratio rule and had assessments on scale of rule used 
reflecting the same rule. Five participants had verbal descriptions, and assessments on scale of 
rule used that both reflected the difference rule. The other coding categories (e.g. ratio + adj 
and D/T) will not be discussed further.   
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Table 13. Cross tabulation of coded verbal protocols and assessments on scale of rule used 
for consistent participants (same decision rule for four or more of the seven problems).  
 Verbal coding n=42  

Rule Ratio Ratio + 
Adj 

Diff Diff + 
Adj 

D/T Correct Unknown 

Assessments 
on scale of 
rule used 

Ratio  16 1 3 
 

1 
 

3 
Diff 1 

 
5 

   
 

Unknown  9 
   

1 
 

2 
 

Total  26 1 8 
 

2 
 

5 

Note: The numbers shown in boldface are results corresponding between the measures. The 
correspondence of the two measures is described by X2 (8, n = 42) = 20,57, p = .008). 

 
To address if the non-consistent participants used the ratio rule or the difference rule, although 
the spectral analysis indicated the opposite, their assessments on scale of rule used were crossed 
with their verbal report coding’s. The correspondence of the two measures was not significant, 
X2 (12, n = 42) = 18,19, p = .110). For an illustrative purpose the results are presented in 
Appendix D.  
 
As a final point of measure comparisons, a regression analysis between all three measures was 
performed. As was previously stated, the assessments on scale of rule used was added to the 
questionnaire to validate the verbal codings against another factor than the speed matching 
judgments. As the latter only included measures of the ratio rule and the difference rule, this 
last comparison includes only the participants whose verbal reports described the ratio rule and 
the difference rule (n=34). Figure 1 illustrates the correlations between the measures. The 
strongest correlation of .98 between the coding’s and the spectral analysis indicates that the 
coding scheme is a reliable measure of verbal descriptions of the ratio rule and the difference 
rule. The correlation of .71 between the coding’s and the assessments on scale of rule used and 
the correlation of .74 between the spectral analysis and the assessments on scale of rule used is 
also relatively high correlations. This indicates that these measures also capture the cognitive 
processes of the ratio and the difference rule. Overall, these results imply that participants who 
systematically used the ratio rule or the difference rule to reach time-loss judgments reported 
correspondingly in both the verbal protocols and in the assessments on scales of rule used.  
 

      
            
 
     

.71 
    

            
         .98            .74   

 
 
 
 
 

Fig. 1 Correlation between the quantitative and qualitative measures. The figure illustrates the 
correlation between: (a) verbal protocols and assessments on scale of rule used (b) assessments 
on scale of rule used and decision rule and the spectral analysis, and (c) the spectral analysis and 

verbal protocols.  

Verbal protocols Assessments on scale of 
rule used 

Spectral analysis 
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In conclusion, the comparison between the quantitative results and the qualitative result in 
study 2, shows that 31% (26) of the participants who used the ratio rule to solve a majority of 
the problems gave verbal descriptions of the same rule. A corresponding relationship between 
the measures existed for 7% (6) of the participants who followed the difference rule. There 
were high correlations between all three measures for the participants who verbally described 
the ratio and the difference rule. All in all, the spectral analysis, assessments on scale of rule 
used and the verbal codings all contributed to an explanation of participants biased judgments.  
 

Discussion  
 
The present findings replicated previous research as participants clearly demonstrated the time-
loss bias; when speed was decreased from an initial low speed the time-loss was underestimated 
and when speed was decreased from an initial high speed the time-loss was overestimated 
(Fuller et al., 2009; Svenson & Salo, 2010; Svenson & Treurniet, 2017). In addition to previous 
research, the results showed that participant’s two main strategies for time-loss judgments were 
the ratio heuristic and the difference heuristic. The ratio rule described most judgments in both 
studies. Thus, a curvilinear rule was preferred over a linear rule. Corresponding results have 
been found for the time-saving bias (Svenson, 1970, 2008), but findings of the difference rule 
have also been reported (Peer, 2010; Svenson et al., 2018).  
 
The results also verified that the spectral analysis method is a successful instrument to reach 
beyond the results from a statistical analysis of means. To illustrate, Svenson and Treurniet 
(2017) verified the presence of the time-loss bias, but they could not provide an explanation of 
the deviations from the normative values. In study 1, spectral analysis was applied to the same 
data as was analyzed by Svenson and Treurniet. The results showed that about half of the time-
loss judgments could be explained by the ratio rule or the difference rule. This was replicated 
in study 2.  
 
The spectral analysis also showed that about half of the participants systematically followed 
the same decision rule across problems. Those who used the ratio rule for a majority of the 
problems were not as consistent as those using the difference rule. This could be explained by 
the fact that a linear rule is much easier to judge, than a curvilinear rule (Svenson, 2008). 
However, more participants verbally reported a use of the same strategy for all problems than 
the spectral analysis could verify. One explanation could be that people tend to experience "to 
be consistent" as something wanted, normative and rational (Bartels, 2005) and that their self-
reports therefore are intervened by the social desirability bias (Dong-Heon, Holtkamp & Kim, 
2019). However, no further conclusion will be drawn in this matter.    
 
The significant correspondence between the quantitative and the qualitative measures for 
consistent participants in both study 1 and study 2 indicates that participants (a) were aware of 
how they did to reach their time-loss judgments and (b) had the ability to report 
correspondingly. That opposes the criticism that has been directed towards the use of verbal 
reports when searching for people's cognitive processes during problem-solving tasks, 
concerning whether people have the ability to accurately report the cognitive process or not 
(Nisbett & Wilson, 1977). It also lends support to the argument that process data can be used 
as a complement to other data sources such as numerical analyses of judgments to get a deeper 
understanding of the cognitive processes (Schulte-Mecklenbeck, Kühberger & Ranyard, 2011). 
The correspondence between the measures also gave some validity to the coding scheme. 
However, the categories in the coding scheme besides the ratio rule and the difference rule 
needs to be validated to numerical data, which the present studies failed to do.   
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Although a majority of the time-loss judgments could be classified as a product of a known 
decision rule, no explanation was found for approximately 45% of the judgments. Some of 
these judgments are most likely random, but some of them could be products of a cognitive 
process that adds visual analogue representations to the use of mental arithmetic’s (Svenson, 
2016). One example of such a judgment strategy, is anchoring and adjustment. It refers to when 
the judgment process starts by estimating a starting-point (an anchor) and then adjust that 
estimate to a value that seems reasonable (Raue & Scholl, 2018). Even though descriptions of 
analogue strategies were found in the verbal protocols, these findings could not be verified to 
the numerical data. Thus, this topic is left to future research.  

The current work has some limitations. First, the sample sizes were relatively small, but the 
focus of the studies was to describe the participants judgment process which does not 
necessarily demand a bigger sample. Second, because the questionnaire was distributed online, 
it was not possible to control for whether the participants did things in parallel with the test or 
not. This lack of control resulted in unreasonable long response time for a couple of participants 
which, in turn, may question whether the judgments of these participants were intuitive or not.  
 
The fact that the ratio rule was the most common heuristic can also be discussed. Because the 
ratio rule requires more computational resources than a simpler linear rule (e.g., the difference 
rule) (Svenson, 2008), it could be reasonable to assume that the difference rule should be 
favored by participants. A limitation often discussed in judgment and decision-making research 
is framing effects (Bartels, 2005), which could be a plausible explanation of participants 
predominant use of the ratio rule. Applied to our studies, that would mean that the framing of 
the problems was interpreted by the participants as if the ratio rule was the normative, correct 
rule to apply. Thus, they used the ratio rule because they thought it was expected of them rather 
than what they intuitively would have done. Framing-effects can be controlled for in repeated 
measures designs (Bartels, 2005), which further research and replications should take into 
account.  
 
Nevertheless, the different measures used in the studies gave the same results. Results that the 
mean average analysis did not capture. Thus, the spectral analysis in combination with 
qualitative measures can be a successful tool to get a more comprehensive understanding of 
people’s judgment behavior and the cognitive processes behind the judgments. 
 
So, what is reasonable to assume about time-loss judgments in an actual driving situation? In 
real life, people’s actions are argued to sometimes be highly influenced and guided by affect 
(Wilson & Arvai 2006). This means that the emotional reactions to a stimulus tend to control 
the decision-making process and be superior to cognitive computational ability. In the matching 
speed problems, an affect stimulus (e.g. running late) is not present which makes it reasonable 
to assume that the computational ability did guide the judgment process, to a higher degree 
than in real life. Thus, it can be argued that in an actual driving situation it is more likely that 
simpler analyses (e.g. the difference rule) than ratio rule estimates are made due to affective 
influence, which implies that the decisions in reality are more biased than the study results. 
These arguments enhance the importance of helping drivers avoid becoming subjects to the 
bias. Also, this suggest that future research should evaluate the influence of affective heuristics 
on the time-loss and the time-saving bias, that cannot be captured in questionnaire tasks.  
 
From a practical point of view, our findings are important because they indicate that drivers 
are not rational while driving which can lead to suboptimal choices. Choices that can lead to 
serious consequences. The findings also suggest that the cognitive processes differ between 
individuals which means that to reduce the bias effect, different errors need to be corrected for 
different persons. Also, on the basis of our findings indicating that the time-loss bias 
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corresponds to the time-saving bias it is reasonable to believe that awareness about the time-
loss bias could be beneficial to other sectors such as the factory context, just like the time-
saving bias has been proven to be.  
 
To conclude, the use of the spectral analysis was an excellent method to get a deeper 
understanding of the time-loss bias. The results showed that the time-loss bias was modeled by 
the same heuristic principles as the time-saving bias; the ratio heuristics and the difference 
heuristics. Hence, a method studying judgment behavior on the individual level is essential to 
get a more detailed description of bias effects and deviations from normative rules. Adding a 
process data measure to the mathematical models verified that participants who used the ratio 
rule and the difference rule were aware of this, and accomplished to report, their cognitive 
processes producing their judgments. Also, this study verified that people are subjects to the 
time-loss bias and to improve the safety in traffic, we need to develop a line of actions to reduce 
these fallacies. 
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 Appendix A. Histograms spectral analysis (study 1).  
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Appendix B. Coding scheme.  
 

Code  Category Example statements  Key words 
1 Ratio rule 

(a:b = c:x  , a/b=c/x,  
x = c - ((b-a) . c/a), b/a*c)  
 
P does not mention that the speed 
difference between a and b matters. 
Explains that he/she took the same 
proportional difference between a and b 
as between c and x. 
 
 

” in answering the Questions I tried to 
be more logical for the proportional 
decrease in speed” 
 
“simplified proportional - b/a ~ 50%     - 
b/a ~ 75 %       - b/a > 90% -> c - (a-b)” 
 
“Tänkte i % hur stor minskningen från 
A till B var för att sedan göra samma i c 
till x” 
 
” Var det nya värdet över eller under 
50% av det gamla.” 
 
” förstorade” eller förminskade 
förlusten med kvoten c/a” 
 
”(25/a - 25/b) x 60 min similarly for 
new case” 

“procentuell förändrig” 
 
“dapproximation of the proportions” 
 
“procentuell reduction” 
 
“proportion equation” 
“calculated in percentage” 
“proportionality” 
“the approximate proportion” 

1,5 Ratio + Adjusted 
(The criteria for (1) are met) 
 
Explains that he/she knows that the 
initial speed plays a role in assessing x 
and that it is not enough to take the same 
proportional difference between a and b, 
as between c and x. 
 
 

”Om a/b = 10 si kanske jag gjorde ca 5 
p : c/x”  
 
” Vidare beskrivning: storleken på (a) 
har stor betydelse för förändringar i (c). 
Större än storleken på kvoten b/a.” 
 
”Jag tänkte att a/b var större än c/x så 
tog i lite mer på a/b för att räkna fram 
(x)” 
 
” tog jag en större skillnad mellan c och 
x om a och b hade en lägre hastighet. 
tex 60 och 40” 

” förlorar mindre tid i högre 
hastigheter” 
 
” tänkte att det var större” 
 
” krävs större procentuell förändring” 

2 Diffrence rule 
 (a-b=c-x) 
 
P do not mention that the difference 
between the initial speed’s matters. 
Explains that he/she took the same 
difference between a and b, as between 
c and x. 
 
 

”Jag minskade hastigheten -c med lika 
mycket som i A.” 
 
”Jag minskade c med samma differans 
som a - b.” 
 

”Skillnad” 
 
”difference between” 
 
”substrahera” 

 
2,5 

Diffrence + Adjusted  
(The criteria for (2) are met) 
 
Explains that he/she knows that the 
initial speed plays a role in assessing x 
and that it is not enough to take the same 
difference between a and b, as between 
c and x. 
 

“I looked at (a) and the difference 
between (a) and (b) and tried to see how 
big the difference between (a) and (c) 
was. Then I tried to choose the 
difference between (c) and (x) to be 
bigger if  (c) was smaller or smaller if 
(c) was bigger than (a)” 
 
“När c är lägre än a behöver c-x < a-b 
och tvärt om” 
 
”Usually when I saw a decrease in 
speed for high speed (f. ex. 120 -> 100) 
I know that it will correspond to a lower 
decrease for lower speed 50 -> 45” 

“Överdrev skillnaderna” 
  
“tänkte att det var större” 
 
“tog större skillnad”, 
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3 Distance &/or Time 
 
P indicated that time or/and distance 
was the starting point for their 
approximations (regardless of whether 
it was ratio or difference rule 
otherwise). 
 

”Jag gjorde en snabb uppskattning av 
hur stor minskningen behövde vara. 
Tänkte ut hur mycket tid man 
förstorade från a till b & från c till x. 
UNGEFÄR” 
 
”Försökte uppskatta hur mycket tid det 
skulle krävas för b att nå samma distans 
som a och sedan göra likadant med x 
och c” 
 
” I used 25km/h as my benchmark for 1 
hour and 50km/h as 0.5 hours and so 
on...” 
 

“how long it takes to drive 25km” 

5 Unknown  
 
P specifies no rule, or an unclear 
explanation of which decision rule 
he/she used. 
 
Report several decision rules in one 
explanation.  
 
à impossible to determine which 
decision rule the participant used. 
  

” So, for a fast car, like 100km/h slows 
down to h its speed would take x hr 
delay. For a 50 km/hr car, it needs more 
than 25 km/h to cause same delay, as it's 
already slow” 
 
“Samma sträcka, tidsbesparingen är 
lägre vid högre hastigheter” 
 
”gjorde en ungefärlig applicering på 
förhållandet mellan c och x” 
 
” Bara använde mig av simpel 
matematik” 
 
” Jag använde mig av (a) och räknade ut 
det som fattades för att få från (b)” 
 
”25/a-b = 25/c-x” 
 
“I first looked if b is more or less half 
of a and used that to decide if x is more 
or less half of c. After that I just tried to 
estimate and guess.” 

“ungefärliga sambandet” 
 
 

6 Correct   

Note: The language used in the verbal free-entry questions were optional, whereby some statements and keywords in the coding 
framework is in Swedish and some in English.   
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 Appendix C. Questionnaire (study 2).  

Start of Block: Descriptives & Welcome 

 
In1 Dear participant,  
The following questionnaire is about judgments of time loss due to decreased speed while driving a car. 
The questionnaire consists of 2 parts and takes approximately 5-15 minutes to answer. Your answers will 
be analyzed in a Master thesis by a student in the psychology department at Stockholm university. You 
indicate your consent to participation upon answering the questions posed in the survey. No personal 
identifying information is sought after, and all responses are handled according the ethical and scientific 
guidelines. If you want to know more about the study, you are welcome to send an email to 
anbo4010@win.su.se. 
  
If you want to participate, click on "next" to start the survey. In that case, we would like to thank you for 
taking the time to answer. 
 
 
 
D1 Before starting the test we would like you to fill in some information about yourself.  

o Age  (1) ________________________________________________ 

o Nationality  (2) ________________________________________________ 
 
 
 
D2 Do you have a driving license?  

o Yes  (1)  

o No  (2)  
 
 
 
D3 Gender 

o Male  (1)  

o Female  (2)  

o Other  (3)  
 
 
 
D4 Your highest education is: 

o Less than high school  (1)  

o High school graduate  (2)  

o A bachelor's degree  (3)  

o A master's degree  (4)  
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D5 Field of study:  

________________________________________________________________ 
 

End of Block: Descriptives & Welcome 
 

Start of Block: Introduction Questionnaire 

 
I1 Part 1 – Questionnaire instruction    When driving, you must not drive faster than the speed limit. 
Sometimes, because of road works or other circumstances the speed limit has to be decreased on shorter 
or longer distances. A lower speed limit means that drivers drive more slowly, and lose time compared 
with the normal driving speed.    
   
Below, you will find examples of speed decreases from different original speeds and we will ask you to 
consider the time lost on two different road sections, both 25 km long. Specifically, you will find mean 
speed reductions on road A and road B situations. For road A the new lower speed is given and for B it is 
not. 
 We want you to fill in the missing speed in B to make alternative A and B equal in the time lost after the 
new speeds are implemented. 
  
  Here is an illustrative example:            
·       On road A a driver has a normal average speed 85 km/h and the new lower average for her/him is 45 
km/h on 25 km due to road works.                  
·       On road B, also 25 km long, the average speed of another driver is 60 km/h.         
 
Your task is to judge the lower speed on B that would give the same time loss on B as the loss of time on 
road A. 
Obviously, the speed should be lower than 60 km/h, but what lower speed would give exactly the same 
time loss as on road A (from 85 to 45 km/h)? 
   
Note, we do not want you to calculate the answers (it would take too much time). Also, we do not want 
you to use phones, calculators or other equipment when you make your judgments. We want you to give 
intuitive answers, but we still want you to consider each case carefully before you give your judgments.   
   
 Please press next to start the test.  
 
End of Block: Introduction Questionnaire 

 
Start of Block: Cases 

Page 
Break 

 

IN2 Please fill in the empty spaces with the speed you think would give the same time loss for B as for 
A. The distance traveled is 25 km for both road A and B. 
 
 
Case1    
    
Road A     
Present speed: 40 km/h 
 New speed:  30 km/h   
    
Road B    
Present speed: 130 km/h 
New speed: _______________________________________________________________ 
 
 
Case 2   
 
Road A     
Present speed: 55 km/h   
New speed:  35 km/h   
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 Road B    

Present speed: 90 km/h   
 New speed: _______________________________________________________________ 
 
 
Case 3   
    
Road A     
Present speed: 25 km/h   
New speed:  10 km/h   
 
Road B    
Present speed: 70 km/h  
New speed: ____________________________________________ 
 
 
 
Case 4 
  
Road A     
Present speed: 30 km/h   
New speed:  15 km/h   
 
Road B    
Present speed: 80 km/h   
New speed____________________________________________________________ 
 
 
Page 
Break 

 

 
Case 5 
 
Road A   
Present speed: 60 km/h   
New speed:  45 km/h   
 
Road B  
Present speed: 110 km/h   
New speed: ___________________________________________________________ 
 
 
Case 6 
 
Road A   
Present speed: 50 km/h   
New speed:  30 km/h   
 
Road B  
Present speed: 105 km/h   
New speed: ___________________________________________________ 
 
 
Case 7   
    
Road A     
Present speed: 45 km/h   
New speed:  35 km/h   
    
Road B    
Present speed: 125 km/h   
New speed: ____________________________________________________________ 
 
End of Block: Cases 
 
Start of Block: Verbal protocol 
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IN3  
 Part 2 - Your thoughts while solving the problems 
 This part of the questionnaire is about your thoughts when you made your judgments. Please write in 
Swedish or in English. For ease, we give the numbers of the problems in alphabetical form (a, b, c and x) 
so that you can refer to them in your answers.                     
         
A     B   
Present speed: (a) km / h    Present speed: (c) km / h   
New speed: __(b)__ km / h           New speed: __(x)__ km / h                                           
 
 
 
VP1A What were your thoughts when you made your judgments? Please use the letters above if it helps 
you explain your approach.  

________________________________________________________________ 
 
 

 
VP1B Did you use the same judgment strategy for all cases, or did you use different strategies for 
different problems? If you used different strategies, please explain why.  

________________________________________________________________ 
 
 
Page 
Break 

 

 
VP1C Are there any additional factors that may have influenced your judgment apart from speed and 
time-loss? 

________________________________________________________________ 
 

 
 

Start of Block: Anchoring and Adjustment 2.0 

 
A1 How well do the following statements correspond to how you did to reach your answers?     "I 
made the difference between c and x the same as the difference between a and b" 

 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 6 (6) 7 (7) 8 (8) 9 (9) 10 
(10)  

Not well at 
all o  o  o  o  o  o  o  o  o  o  

Extremely 
well 

 
 
 

 
A2 "I decreased c with same proportional decrease as I found between a and b." 

 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 6 (6) 7 (7) 8 (8) 9 (9) 10 
(10)  

Not well at 
all o  o  o  o  o  o  o  o  o  o  

Extremely 
well 
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 Page 

Break 
 

A3 Some people start the judgment process by estimating a starting-point and then adjust that estimate to 
reach an answer.  
Did you do such adjustments?  

o Yes  (1)  

o No  (2)  
 

 
 
 
 
Display This Question: 

If Some people start the judgment process by estimating a starting-point and then adjust that estima... = Yes 

 
A4 How well does the following explanation correspond to how you did to estimate your starting-point?  

 Extremely well 
(1) Very well (2) Moderately well 

(3) Slightly well (4) Not well at all 
(5) 

The difference 
between a and b 
(a-b) (1)  o  o  o  o  o  

The ratio 
between a and b 
(%) (2)  o  o  o  o  o  

 
 
 
Display This Question: 

If Some people start the judgment process by estimating a starting-point and then adjust that estima... = Yes 

 
A5 Why did you adjust your estimate/starting-point?  

o I went for the number that felt right.  (1)  

o The present speed for each situation matters.  (2)  

o Other  (3) ________________________________________________ 
 

End of Block: Anchoring and Adjustment 2.0 
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 Appendix D. Histograms spectral analysis (study 2). 
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Appendix E. Non-consistent participants verbal coding’s crossed with their assessments 
on scale of rule used.  
 
The columns in Table 13 refer to the qualitative verbal coding and the rows refers to the 
agreement with rule. The result shows that five participants had correspondence of the 
two measures for the ratio rule and three participants had correspondence of the measures 
for the difference rule. Since these participants did not have judgments in the speed 
matching problems produced by the ratio rule and the difference rule, it is not surprising 
that these participants reported that none of these rules corresponded to their judgment 
strategy. Nor is it surprising that the non-consistent participants, compared to the 
consistent participants, reported verbal explanations of his or her strategy that 
corresponds to the coding categories we cannot derive to an equation (Ratio+Adj, 
Diff+Adj, D/T and unknown).  

 

Table 13. Comparison of the non-consistent participants rating on how they did to reach their 
judgments with how their verbal protocols were coded.  

 
  

Verbal coding (n=42)  
 

Agreement 
with rule 

explanations 

 
Ratio  Ratio+Adj Diffrence Diff+Adj D/T Correct  Unknown  

Ratio  5 
 

2 2 3 
 

4 

Difference  1 
 

3 
 

1 1 6 

Neither  3 2  1 2  6 
 

Total 9 2 5 3 6 1 16 

Note: The numbers shown in boldface are results corresponding between the measures. The correspondence 
of the two measures is described by X2 (12, n = 42) = 18,19, p = .110). 
 

 
 
 
 
 


