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The results of three experiments show that while computing averages of data in ratio formats, such as detergent usage information in

"loads per container" or exercise routine information in "calories burned per minute," consumers tend to make inaccurate judgments.

Paradoxically, more thorough processing further accentuates the inaccuracy.
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EXTENDED ABSTRACT
Consumers often encounter information presented in the form of 

ratios (Peters et al. 2007; Silverblatt 2009), and they are sometimes 
required to compute the averages of multiple pieces of data in ratio 
formats. Commonly encountered ratios in daily activities include 
laundry detergent information given as loads per container (LPC), 
fitness equipment information regarding calories burned per minute 
(CPM) of exercise, and vehicle speed information in miles per hour 
(MPH). In this research, we examine how computing averages for 
multiple pieces of data in such ratio formats might bias consumer 
judgments. Equally importantly, we also examine how processing 
mode might moderate the effects of ratio formats on consumer 
averaging judgments. 

There has been limited research on how consumers process 
ratio information (with Denes-Raj and Epstein 1994, Hsee et al. 
2003, Larrick and Soll 2008, and Raghubir and Greenleaf 2006, 
being notable exceptions), and no study has examined how consumer 
judgments might be biased when they are computing averages of 
multiple pieces of data in different ratio formats. Further, no study 
has examined the moderating effects of consumer processing modes 
in this context. Thus, the present research examines the potential 
for bias when computing averages, and examines the moderat-
ing effects of consumer processing mode (Studies 1 and 3) and 
cognitive capacity (Study 2). We find an interesting paradoxical 
result–analytical (vs. heuristic) processing accentuates the bias 
when processing certain ratio data, and likewise higher cognitive 
capacity reduces the judgment accuracy for certain ratio data. 
Finally, we identify alternative data formats that can potentially 
reduce consumer judgment biases. 

People tend to process numerical information in a linear fashion 
(Brousseau, Brousseau, and Warfield 2002). Such linear arithmetic 
processing is likely to lead to erroneous judgments when evaluating 
inverse ratio data (i.e., where the focal variable is in the denomina-
tor). Specifically, for inverse ratios (like LPC, CPM, or MPH), the 
appropriate mathematical computation to use would be a harmonic 
mean. However, consumers are instead likely to employ the linear 
arithmetic mean, leading to biased judgments.

Study 1 examined how consumers compute the average rate 
of calories burned across multiple exercise routines (or fitness 
machines) with information given in a commonly used format of 
calories burned per minute, or CPM (see Zeni, Hoffman and Clif-
ford 1996),versus an alternative format of minutes taken per calorie 
(MPC). Study 1 also examined the moderating effects of consumer 
processing mode (analytical versus heuristic) (e.g., Alter et al. 2007; 
Kahneman and Frederick 2002). Under analytical processing, a 
consumer is more likely to rely on mathematical calculations, and 
therefore more likely to compute the linear arithmetic mean across 
the multiple pieces of ratio data. In contrast, under heuristic process-
ing, an equivalent of a random choice between the options would 
be more likely. Hence, analytical (versus heuristic) processing of 
the data would magnify the proportion of erroneous judgments. 
Therefore, we propose that when consumers are computing aver-
ages across multiple pieces of data in CPM format, analytical (vs. 
heuristic) processing will paradoxically increase judgment inac-
curacy. However, when consumers are computing averages across 

multiple pieces of data in MPC format, analytical (vs. heuristic) 
processing will increase judgment accuracy.

Study 1 was a 2 (type of data format for calorie burning rate: 
calories per minute vs. minute per calorie) X 2 (processing mode: 
analytical vs. heuristic) between-subjects experiment (N=114). The 
results of study 1 supported our hypothesis that when computing 
averages across multiple pieces of data in inverse ratio formats 
(such as CPM), consumers are prone to make erroneous judgments. 
Study 1 also showed that such erroneous judgments for ratio data 
are likely to get enhanced when consumers are making judgments 
under analytical (than heuristic) processing mode. 

Study 2 extended the findings of study 1 by examining a different 
context using the scenario of a decision-maker choosing between 
two route options with speed data in miles per hour (MPH), and 
the moderating effects of cognitive capacity. Study 2 showed that 
different levels of cognitive capacity lead to a similar pattern of 
results as processing mode. That is, paradoxically, when consum-
ers exert greater effort in analyzing the given options and employ 
mathematical computations to a greater extent under high (vs. low) 
cognitive capacity, their judgments become more inaccurate/biased. 

Study 3 had three objectives. First, it replicated the potential 
bias in computing of averages of ratios in the context of laundry 
detergent usage. Second, it examined how presenting ratio infor-
mation through a medium (e.g. Hsee et al. 2003) such as price per 
load might reduce consumer judgment bias. Third, while in Study 
1 processing mode was manipulated, Study 3 measured processing 
mode as an inherent personality trait (Pacini and Epstein 1999). 
Study 3 was a 2 (type of data format for laundry detergent: loads 
per container vs. Dollar per load) X 2 (processing mode: analytical 
vs. heuristic) between-subjects experiment (N=144). The results of 
Study 3 again highlighted how an inverse ratio format like LPC, 
which is commonly used, can bias consumer judgments when 
computing averages of multiple pieces of data; the judgment bias 
can be reduced by presenting the data with the help of a medium, 
such as price per load. Study 3 also demonstrated that analytical 
(vs. heuristic) processing tendency increases consumer judgment 
biases with the LPC format, but lead to more accurate judgments 
with DPL format.

In sum, the results of three experiments highlight how some 
commonly used ratio formats might bias consumer judgments when 
they are computing averages. Equally interestingly, analytical pro-
cessing or higher cognitive capacity can reduce judgment accuracy 
when consumers attempt to compute the mean of multiple data pieces 
in certain ratio formats such as CPM, MPH, or LPC. The bias can 
be corrected if the data are presented in alternative formats of MPC 
or DPL, which are conducive to linear mathematical processing. 


