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Abstract 
 

Physical inactivity has become a serious problem 

in modern societies leading to a multitude of 

diseases. Insurer try to counteract this problem by 

supporting the use of self-tracking applications. 

While the effectiveness of self-tracking applications is 

widely assumed, scant studies investigate the 

influence of self-tracking applications and those few 

studies show different results. We propose a research 

model and measurements based on the cognitive 

dissonance theory to explain how and why self-

tracking influences behavior. This understanding is 

of critical importance for the design of effective self-

tracking applications. Specifically, we propose that 

the usage of step-counter apps leads to a higher 

awareness of two inconsistent cognitions, which 

induce cognitive dissonance. Because people strive 

for consistency, they try to reduce the dissonance 

through either ignoring the situation, finding new 

information or behavior change. We tested our 

measurements with an item-sort-task and found high 

substantive validity as an indicator for good 

construct validity.  

 

 

1. Introduction  

 
Physical inactivity has become a serious public 

health problem in modern societies leading to an 

increase in obesity, cardiovascular diseases, diabetes 

mellitus and cancer [1]. Insurer and other companies 

try to counteract this problem through supporting the 

use of self-tracking application as a health protection 

intervention [2, 3]. The term self-tracking is hereby 

defined as the use of technology to gather personal 

information about e.g. calorie intake, steps or 

sleeping habits [4, 5].  

While the importance of information systems in 

the healthcare domain is highly emphasized [6] and 

the effectiveness of self-tracking is widely presumed, 

only a few studies investigate the actual influence of 

self-tracking and those few studies found 

contradictory results. Some of these investigations 

report a desired behavior change [7], but other studies 

found different responses to self-tracking [8, 9].  

Hence, the goal of this study is to investigate the 

influence of self-tracking on behavior, emotion and 

cognition and to find an explanation for the different 

responses to self-tracking. This psychological 

understanding is critically important for designing 

efficient applications to motivate people to get 

moving [10]. Our investigation is based on the 

cognitive dissonance theory, which is one of the 

grandest theories in social psychology [11] and 

combines emotion, cognition and motivation. The 

theory suggests that an inconsistency of attitude and 

behavior leads to cognitive dissonance, which 

denotes a psychological tension [12]. Because 

cognitive dissonance is an unpleasant feeling, people 

who experience it try to reduce the dissonance by 

using three different strategies: Changing cognitive 

elements of the environment by, e.g. ignoring a 

situation, adding new cognitive elements through 

finding new information or changing the behavior. 

These strategies help to bring attitude and behavior in 

line with each other again.  

Cognitive dissonance theory has so far been 

tested in experiments in which subjects could reduce 

dissonance in only one predetermined way [13, 14]. 

A reaction in a way that the cognitive dissonance 

theory predicted was seen as a support for this theory. 

Critical voices pointed to built-in artifacts or potential 

biases because the results could also be explained 

through other theories [15]. Therefore, we propose a 

research model and respective measurement scales to 

test this theory. To the best of our knowledge, the 

cognitive dissonance theory is to date not fully 

operationalized. While some investigation have 

developed a measurement scale for cognitive 

dissonance [16]  and other investigations use the 

expectation disconfirmation theory as a modification 

of the cognitive dissonance theory [17], we found no 

fully tested constructs for the dissonance reduction 

strategies. 

Furthermore, because of calls for more studies as 

to the nature and consequences of the digital 

mediation of everyday experience [18], we also 
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explore the interrelationship between self-tracking 

and the cognitive dissonance mechanism. 

This leads to the central research questions: 

1. What are valid scales for measuring the 

dissonance reduction strategies in a self-tracking 

context? 

2. How and why does self-tracking interact with 

emotions, cognition and behavior?  

The remainder of this paper is structured as 

follows. In the next section, the theoretical 

background and related work is provided. After that, 

the research model is described and the analysis is 

presented. The paper finishes with a discussion of the 

results and a conclusion. 

 

2. Theoretical Background 

 
2.1. Self-tracking 

 
The Quantified Self movement was started by 

Gary Wolf and Kevin Kelly in 2007 when sensors 

became smaller, cheaper and easier to implement in 

mobile devices [19]. Members of this community 

engage on social network sites and worldwide in 

personal meetings to talk about new technologies and 

self-tracking experiences. Self-tracking is thereby 

defined as using technology to record and observe 

personal information for the purpose of self-

reflection and self-knowledge. There are different 

areas for self-tracking services e.g. internal states (as 

mood or galvanic skin response), performance values 

(pace or number of steps), habits (as food intake or 

sleep) and actions (as visited places) [20]. 

Because walking 10,000 steps has a desired health 

effect [21], we focus on the performance values in 

the area of step counter application. 

To date, only a few researchers have investigated 

the effect of self-tracking on physical activity and 

those few studies report different reactions to self-

tracking usage. While a meta study by Bravata et al. 

2007 shows a significant increase as to the step 

amount in a clinical context when utilizing 

mechanical pedometers [7], Sanchez-Valdes and 

Trivino (2015) show different reactions to self-

tracking. In a single subject experimental design, they 

tried to induce moderate physical activity to three 

different users by providing a self-tracking 

application with emotional and linguistic feedback. 

While two participants changed their behavior in a 

desired way, one participant could not reach the goal 

of moderate physical activity [8]. Furthermore, 

Sjöklint (2015) shows different responses to the use 

of step counter applications [9]. In a qualitative 

investigation, they found out that people feel more 

motivated when using self-tracking applications. 

When the goal was not reached, the participants 

investigated coping strategies. These coping 

strategies are disregard, procrastination, selective 

attention or neglect. Disregard is a strategy in which 

people formulate excuses to explain why the goal 

was not reached. Procrastination is the tendency in 

self-trackers to invest in plans for reaching the goal at 

a later point in time. Selective attention happens 

when self-trackers only focus on goals that are easy 

to reach for them and neglect means that the users do 

not look at the data until they are sure that they have 

reached their goal. 

Baumgart (2016) suggest that the cognitive 

dissonance theory is a possible explanation for the 

different responses and proposed a research model 

based on interview data [22]. While this is a first 

indicator that the cognitive dissonance theory is 

applicable in a self-tracking context, no investigation 

has developed and fully tested appropriate 

measurement scales for a quantitative examination as 

to the influence of self-tracking on behavior, 

emotions and cognitions. This quantitative 

examination is important for ensuring greater 

generalizability. 

Therefore, we have developed and tested new 

measurement scales based on the cognitive 

dissonance theory to find out how and why self-

tracking influences behavior, emotions and 

cognitions. 

 

2.2. Cognitive dissonance theory  
 

Cognitive dissonance is defined as a 

psychological tension, which arises when a person is 

simultaneously aware of two inconsistent cognitions 

[12]. For example, dissonance arises when the 

behavior is not in line with attitude. Because 

dissonance is an unpleasant feeling, people try to 

reduce it through three different approaches [12]: 

Changing an environmental cognitive element, 

adding new cognitive elements or changing 

behavioral cognitive elements . Whenever dissonance 

is reduced through ignoring the situation or changing 

the attitude, the strategy changing an environmental 

cognitive element is used. The dissonance reduction 

strategy adding new cognitive elements is used when 

a person searches for new information to bring the 

two inconsistent cognitions in line with each other.  

Changing behavioral cognitive elements means that 

dissonance is reduced by modifying the behavior. For 

example, if the behavior is not in line with personal 

goals and attitudes, the person can reduce dissonance 

through changing the behavior. The cognitive 
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dissonance theory is sometimes considered as a 

universal behavior pattern across individuals [23]. 

In psychological investigations, the dissonance 

theory has been tested with experiments where the 

research participants were given only one possibility 

for reducing dissonance [13, 14]. A reaction in a way 

that the theory predicted was taken as a support for 

the cognitive dissonance theory. This approach was 

often criticized as biased because other explanations 

for the same results are possible [15]. In 2000, the 

first established scale to measure cognitive 

dissonance was developed in a psychology and 

marketing context [16]. Four years later, 

Bhattacherjee and Premkumar (2004) developed the 

expectation disconfirmation model in an Information 

Systems context, which is a modification of the 

cognitive dissonance theory [17]. To the best of our 

knowledge, no fully tested measurement of the three 

dissonance reduction strategies exists to date. The 

goal of this study is therefore the operationalization 

and testing of the three dissonance reduction 

strategies as well as the presentation of a research 

model, which exhibit the interaction between 

cognitive dissonance and self-tracking. 

 

3. Research model 
 

Based on the cognitive dissonance theory and 

Baumgart (2016), we propose a research model and 

the respective measurement scales that investigates 

the interaction of self-tracking with cognition, 

emotion and behavior. In sum, we posit that 

increased use of self-tracking leads to more 

dissonance and in consequence to the three reduction 

strategies. Figure 1 summarizes the model. 

 

Awareness of two 
inconsistent 
cognitions

Cognitive 
Dissonance

Changing a 
behavioral 

cognitive element

Adding new 
cognitive elements

Changing an 
environmental 

cognitive element

Usage

H2 H3b

H3a

H3c

H1

H4

 Figure 1. Research model 
 

 

We derive the following hypothesis. In 

accordance with Baumgart (2016), we assume that 

the use of self-tracking software leads to a greater 

awareness of two inconsistent cognitions because the 

software provides information about the step amount, 

which is otherwise more difficult to obtain. 

H1: The higher the use of self-tracking software, 

the greater the awareness of two inconsistent 

cognitions. 

Furthermore, in line with the cognitive dissonance 

theory, we assume that the awareness of two 

inconsistent cognitions leads to psychological 

discomfort (dissonance) because people strive for 

cognitive consistency [12]. 

H2: The higher the awareness of two inconsistent 

cognitions, the higher the dissonance. 

Because dissonance is seen as an unpleasant 

feeling, people try to reduce this dissonance by 

utilizing different dissonance reduction strategies. 

One reduction strategy is to ignore or deny the 

situation [12]. Therefore, we assume that a greater 

amount of dissonance leads to a higher tendency to 

ignore the step counter results. 

H3a: An increase in dissonance leads to an 

increase in the dissonance reduction strategy 

changing an environmental cognitive element. 

Another dissonance reduction strategy is to search 

for new information, which reduces the inconsistency 

of two cognitions [12]. In the case of step counters, 

we assume that self-trackers search for new 

information in order to explain insufficient walking. 

H3b: An increase in dissonance leads to an 

increase in the dissonance reduction strategy adding 

new cognitive elements. 

There is also the possibility of reducing 

dissonance by changing the behavior to bring 

behavior and cognition in line with each other [12] . 

Therefore, we assume that an increase in dissonance 

leads to a change in behavior. 

H3c: An increase in dissonance leads to the 

dissonance reduction strategy of changing a 

behavioral cognitive element. 

While self-tracking is a relative new concept, self-

monitoring in the area of behavioral psychology goes 

back to 1970 [24]. A multitude of research found that 

increased self-awareness trough self-monitoring 

facilitates the intended behavior change [25, 26]. 

Also in the context of self-tracking, a desired 

behavior change was found in a multitude of settings 

[7]. We therefore assume that the greater self-

awareness through self-tracking leads to a desired 

behavior change. 

H4: The use of self-tracking leads to behavior 

change. 

Trost et al. (2001) found a significant age and 

gender difference in physical activity [27]. Therefore, 

we include these variables as control variables to our 

model. Table 1 summarizes the key constructs. 
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Table 1. Construct definition 

Construct Definition and description 

Awareness of two 

inconsistent 

cognition [12, 17, 

22]  

Awareness of two inconsistent 

cognitions refers to the extent to 

which two cognitions of a 

person, e.g. subject’s attitude 

and behavior, are inconsistent. 

Cognitive 

dissonance [12, 

13, 16, 28]  

Cognitive dissonance is defined 

as psychological discomfort, 

which arises if two cognitions of 

a person are inconsistent.  

Changing an 

environmental 

cognitive element 

[12]  

Changing an environmental 

cognitive element refers to the 

reduction of dissonance through 

ignoring the dissonance-

inducing situation. 

Adding new 

cognitive 

elements [12]  

Adding new cognitive elements 

refers to the reduction of 

dissonance through the addition 

of new information to bring 

behavior and cognition in line. 

Changing a 

behavioral 

cognitive element 

[12]  

Changing a behavioral cognitive 

element refers to the reduction 

of dissonance through the 

modification of an action. 

Usage [29] Usage provides information 

about the extent and frequency 

of self-tracking usage. 

4. Measurement scale development 

 
Next, we developed measurement scales for our 

construct, which are presented in Table 2. 

It is important to have adequately measured 

variables to identify significant relationships between 

the constructs [30]. To ensure content validity, we 

conducted a literature review in order to adopt items 

from existing questionnaires. To the best of our 

knowledge, no constructs for the three dissonance 

reduction strategies have so far been fully tested. 

Therefore, we developed new items based on 

established guidelines and the construct definitions 

[31]. Furthermore, we conducted interviews with 20 

self-tracking user, to find appropriate items for the 

dissonance reduction strategies in a self-tracking 

context. The interviewees were acquired from sport 

clubs and from university. The average age was 

28.95 (SD = 6.95). To support the development of 

new items, we ask the interviewees how they react to 

self-tracking when they have not reached their goal. 

 Only the construct awareness of two inconsistent 

cognitions is based on existing and well-tested items 

[17]. The short-scale cognitive dissonance construct 

from Elliot and Devine 1994 [13] has not been 

empirical validated before [16]. 

In a first step, we evaluated whether the 

constructs are measured in a formative or reflective 

scale by following established guidelines [32, 33]. 

 

 

Construct Item Reference 

 Last time when I did not walk much…  

Awareness of two 

inconsistent 

cognition  

IC1 … my step amount was much worse than I had intended. Adapted 

from [17] IC2 … my step level, compared to my goal, was much worse than I had 

planned. 

IC3 … I walked less than I intended. 

Cognitive 

dissonance 

CD1 … I felt uncomfortable. Adapted 

from [13] CD2 … I felt uneasy. 

CD3 … I felt bothered. 

Changing an 

environmental 

cognitive element 

EC1 … after that I did not think any longer about how good or bad my 

walking performance is. 

Newly 

developed 

EC2 … after that I ignored my walking performance. 

EC3 … after that I did not observe my walking performance any longer. 

EC4 … after that I payed less attention to my step performance. 

Adding new 

cognitive elements 

NC1 … I searched for an explanation for this performance. Newly 

developed NC2 … I asked myself whether there was a reason for that. 

NC3 … I reflected why I had not walked more. 

Changing a 

behavioral 

cognitive element 

BC1 … my subsequent step performance corresponded to my set target. Newly 

developed BC2 … I subsequently tried to walk more. 

BC3 … I went out again to walk more. 

Usage U1 How often do you look at your step quantity per day? Newly 

developed U2 How frequently do you carry a step counter with you? 

U2 How do you consider the extent of your current step counter usage? 

U4 How many hours per day capture the step counter your steps? 

Table 2. Items and constructs 
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We conclude that every construct is defined in a 

reflective way because the items are mutually 

interchangeable and represent consequences of the 

construct. 

 

5. Data collection and analysis 

 
 In order to reduce ambiguity and bias in the 

meaning of the new and reworded reflective items, 

we conducted a pretest [34, 35]. As a method, we 

used the item-sort task by Anderson and Gerbing 

(1991) because this method is suitable for 

discovering wording-related issues, requires only a 

small sample size and is widely established in scale 

development studies [36]. Furthermore, the item-sort 

task is an appropriate method for assessing 

substantive validity, which is defined as the extent to 

which a measure is theoretical linked to the construct 

of interest [37]. Substantive validity is thereby a 

necessary prerequisite for the construct validity of 

newly developed constructs [37]. 

In order to conduct the items sort task, 19 

participants with self-tracking experience or an 

academic background were recruited. This sample 

size is seen as appropriate for an item-sort-task [38].  

74 % of the participants were male and 26 % were 

female. The item-sort-task was conducted in German. 

The participants received a set of constructs 

defined in everyday language [39] and randomly 

sorted items. Every respondent received written 

instructions asking them to assign each item to the 

most suitable construct and check each item again 

after completing the task. We also encouraged the 

participants to give feedback on single items and 

definitions.  

For the evaluation of substantive validity, we 

calculated two indices as proposed by Anderson and 

Gerbing (1991) [37]. The first index, the proportion 

of substantive agreement psa, is defined as the 

proportion of participants assigning an item to the 

intended construct. In order to determine the extent to 

which an item also fits another construct, the second 

index substantive-validity coefficient csv is calculated 

representing the extent to which respondents assign 

an item to its posited construct more frequently than 

to any other construct. The values of psa range from 

0.0 to 1.0 and the values of csv range from -1.0 to 1.0 

with larger values indicating greater substantive 

validity. 

At first, we calculated the critical number of 

assignments (m) to receive the critical value for csv 

by defining a 0.05 level of significance. The critical 

number of assignments (m) is determined by 

summing up the binomial probabilities (0.5 

probability) of a certain number of responses starting 

with the maximum possible amount and decreasing it 

until the sum of the probabilities is smaller than 0.05. 

Since we had 19 respondents, our critical number of 

assignments is 14. The corresponding critical value 

of csv is 0.473. Table 3 summarizes the results for the 

two indices for every single item. 

 

Table 3. Substantive validity results 

Construct Item psa csv 

Awareness of two 

inconsistent 

cognition 

IC1 0.95*** 0.89*** 

IC2 1*** 1*** 

IC3 1*** 1*** 

Cognitive dissonance CD1 0.95*** 0.89*** 

CD2 1*** 1*** 

CD3 1*** 1*** 

Changing an 

environmental 

cognitive element 

EC1 1*** 1*** 

EC2 1*** 1*** 

EC3 0.95*** 0.89*** 

EC4 0.95*** 0.89*** 

Adding new 

cognitive elements 

NC1 0.89*** 0.84*** 

NC2 0.95*** 0.89*** 

NC3 0.89*** 0.84*** 

Changing a 

behavioral cognitive 

element 

BC1 0.89*** 0.84*** 

BC2 0.95*** 0.89*** 

BC3 1*** 1*** 

Usage 

 

U1 1*** 1*** 

U2 1*** 1*** 

U3 1*** 1*** 

U4 1*** 1*** 

 

 

Both indices are significant for each item. These 

results indicate high substantive validity and 

therefore, good construct validity.  

Most of the wrong assignments were made 

regarding the items of the construct adding new 

cognitive elements. A few participants linked some 

of these items to the construct changing a behavioral 

cognitive element.  

However, the probability that the correct 

assignments were done by chance is less than 1% for 

each item. Furthermore, the csv value of each item 

does not fall below the critical value of 0.47. So the 

results suggest that each item measures the 

corresponding constructs appropriately. 
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7. Discussion and conclusion 

 
The aim of this investigation was to build a 

measurement model that is suitable for our research 

model, which explains how and why self-tracking 

influences behavior, emotion and cognition in a step-

counter context. The cognitive dissonance theory was 

used as a foundation because it is one of the most 

important theories in social psychology. Our research 

model states that the usage of step counter apps leads 

to a higher awareness of two inconsistent cognitions. 

This awareness triggers cognitive dissonance, which 

is a psychological tension. To reduce dissonance, 

people engage in three different dissonance reduction 

strategies: They ignore the situation, add new 

information or change their behavior. 

The cognitive dissonance theory was mostly 

tested in experiments in which participants could 

reduce dissonance in just one predefined way. A 

reaction as to compliance with the theory was seen as 

a support of the theory. This indirect approach earned 

a lot of criticism because other explanations for the 

obtained results are also possible [15, 23]. Therefore, 

we built and tested latent constructs as a prerequisite 

to test the theory with a more direct method. 

To ensure content validity, we based our scales on 

existing measurement scales from prior literature. 

Because the expectation disconfirmation theory is a 

modification of the cognitive dissonance theory, we 

based our construct awareness of two inconsistent 

cognitions on it. While the construct cognitive 

dissonance has also been developed, no fully tested 

operationalization of the three dissonance reduction 

strategies exist to date. Therefore, we based our items 

on construct definitions and interviews with self-

tracking users to develop appropriate items for the 

operationalization of the dissonance reduction 

strategies.  

Before testing the model, we conducted an item-

sort-task with 19 participants. The results show that 

our newly developed scales measure the respective 

constructs appropriately. The paper provides the 

rigorous development of valid measurements scales.  

The described procedure ensures high levels of 

confidence in content and substantive validity as a 

strong indicator for construct validity. 

For practice, our research model gives important 

insights into how and why self-tracking influences 

behavior and cognition. This psychological 

understanding is critically important for the design of 

effective self-tracking apps, which could reduce the 

usage of unwanted dissonance reduction strategies. 

There are several limitations to our investigation. 

The results of our pre-test are only indications of the 

reliability and validity of our construct. Without a 

pilot test and the assessment of the overall 

questionnaire only initial indications of construct 

validity are derived. The items were developed for a 

step counter context. Nevertheless, the scales are also 

applicable to a wide variety of contexts with slight 

modifications. Furthermore, it is not possible to draw 

any conclusions in terms of our hypothesis. We will 

test the hypothesis in further investigations. 

This investigation contributes to the body of 

knowledge through the development and testing of a 

measurement scale which explains how and why self-

tracking influences behavior and cognition on the 

basis of the cognitive dissonance theory. This well-

established theory was tested only with experiments. 

This approach was criticized because of other 

possible explanations for the discovered results. 

Because the cognitive dissonance theory has not been 

fully operationalized, we developed measurements 

for the three dissonance reduction strategies in a self-

tracking context. Furthermore, we tested the items 

with an item-sort-task and found support for the 

substantive validity, which is an indicator of 

construct validity.  
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