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Introduction 

Dashboards that provide performance feedback to a user on a display are increasing in parallel with 

the increasing demand for more information from the business world and the general public.  

As dashboard usage increase, the specific reasons for feedback mechanism effectiveness continues 

to go unexplained. Although there is a direct relationship to feedback and performance, how the 

feedback is relayed to a user is currently understudied. There are several layers within a dashboard 

that provide the delivery of information to a user to influence behavior. This has the potential to 

allow users to alter their performance which determines their expected feedback intervention.  

White papers provide general design guidelines to dashboard development with regard to color and 

presentation. However, there is a fallout when it comes to the methodology used for information 

delivery. The effectiveness of Feedback Mechanisms used to display a user’s performance is 

currently understudied. This results in dashboard evolution with limited benefit. Instead of asking 

questions about the parts of the dashboard that make it effective, prior research is generally more 

interested with overall dashboard effectiveness. Therefore, when creating new dashboards for 

future use, designers do not have the background readily available to emphasize effective Feedback 

Mechanisms or replace ineffective Feedback Mechanisms. 

Despite the lack of understanding, dashboards continue to be effective in the short term, but they 

have reduced effectiveness over the long term. There are uncertainties as to why dashboards 

become less effective in the long term which is due to a lack of research. However, future detailed 

feedback mechanism research can be aimed at addressing long term effectiveness. This type of 

research has the potential to affect multiple disciplines that include marketing, business, 

psychology, computer science, and human factors engineering.  
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The intent of this thesis is to conduct a literature review to identify the need for further research in 

the area of feedback mechanism effectiveness as opposed to Key Performance Indicator 

effectiveness or general dashboard effectiveness. The question should not ask how we measure 

people’s performance, but it should instead ask how we show people influential information to 

enhance or alter their current performance.  
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What is a Dashboard? 

For the purposes of this paper, a dashboard is a defined as a performance feedback display to guide 

behavior and actions.  

Performance: an action, task, or operation, seen in terms of how successfully it was performed 

[1]. 

Feedback: information about reactions to a product, a person's performance of a task, etc., used 

as a basis for improvement [2]. 

Display: an electronic device for the visual presentation of data [3]. 

 

A dashboard is a combination of Key Performance Indicators (KPI). Bernard Marr, CEO of 

Advanced Performance Institute, describes KPIs as “providing the most important performance 

information that enables organizations or their stakeholders to understand whether the organization 

is on track or not,” [4].  In short, KPIs are used to define and measure user performance [5], [6]. 

They usually appear on dashboards as a collection of graphs, symbols, and numerical expressions 

all addressing one measure of performance. An example KPI could be the number of calls a 

telemarketer makes in an hour. If Telemarketer A makes 15 calls in an hour and Telemarketer B 

only makes 10 calls, Telemarketer A would be performing better than Telemarketer B. On the other 

hand, the actual mechanism that is used in a KPI to relay performance information back to a user 

is a Feedback Mechanism (FM). An FM is the actual graph, symbol, numerical expression, etc. 

used in a KPI. Both KPIs and FMs will be discussed further in later sections.  
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Figure 1, Figure 2, and Figure 3 demonstrate the differences in the three levels of a dashboard. 

Figure 1 is an example dashboard for a call center that is comprised of several KPIs [6]. Figure 2 

is an example KPI for a call center and Figure 3 notes all the different FMs used in the example 

call center KPI. Currently it can be seen that dashboard developers and designers as well as 

consumers are investing money in overall dashboard design and researching how to make the 

dashboard inviting. Similarly, companies and dashboard developers are investing money in Key 

Performance Indicator design. However, there is a general trend, which will be discussed in this 

thesis, where there is a significant lack of research in the actual Feedback Mechanisms used to relay 

performance information to a user. Since FMs are to dashboards as protons are to an atom, they 

create the most basic framework for dashboard success. Therefore, although companies are 

Figure 1 - Example Call Center Dashboard is a collection of Call Center KPIs. Source: [6] 

Figure 2 - Example KPI used in a Dashboard. 

Source: [6] 

Figure 3 – Example Feedback Mechanisms used in a 

KPI. 

 (a) Symbol (b) Ratio of success (c) Graphical call 

volume (d) Symbollic success. Source: [6] 
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investing money in further dashboard development, dashboard evolution is hindered since FMs are 

significantly understudied. 

Dashboard Psychology 

Before discussing the specific parts of a dashboard, the overall psychology behind dashboards and 

feedback should be understood. Dashboard psychology is closely related to Thorndike’s law of 

effect which states that given a situation, actions that promote satisfying results will become more 

likely to be repeated, whereas actions promoting dissatisfying results will become less likely to be 

repeated [7], [8]. John Nevin summarizes this phenomenon saying “behavior is a function of its 

consequences” [9]. A dashboard’s purpose is to provide warning of potential Feedback Intervention 

(FI). An FI is the satisfying or dissatisfying result that informs users whether their performance is 

good or bad. An example FI is receiving a speeding ticket as a result of driving above the speed 

limit.  

It should be noted that currently there are no laws or theories in the psychological field of FI. 

However, many disciplines are synergized to form a more general theory called Feedback 

Intervention Theory (FIT). FIT is a combination of control theory, goal setting theory, multiple-

cue probability learning paradigm, social cognition theory, and learned helplessness theory [10]. 

Each of these disciplines is its own independent field with several layers of sub disciplines. There 

is currently no extensive research that synergizes these fields together [11].  

In order for FI to promote behavioral change, five basic arguments of FIT are integrated and applied 

to the user. They are separate arguments, however, when applied together, they cause a user to enter 

either a task-motivational process, a task-learning process, and/or a meta-task performance process 

which can be seen in Appendix A [10].  

According to Avraham Kluger, the five basic arguments of FIT are as follows [10]:  
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1. Behavior is regulated by comparisons of feedback to goals or standards. 

2. Goals or standards are organized hierarchically. 

3. Attention is limited and therefore only feedback-standard gaps that receive attention 

actively participate in behavior regulation. 

4. Attention is normally directed to a moderate level of the hierarchy. 

5. FIs change the focus of attention and therefore affect behavior. 

Based on this idea of FIT, it is important to make the distinction that traditional dashboards are not 

the direct cause of an intervention. A dashboard is incorporated into this psychological process by 

creating an intermediate step. This can be seen below in Figure 4. Dashboards allow a user an 

opportunity to change performance prior to intervention. For example, a fuel efficiency dashboard 

informs a user of their current fuel usage. The actual intervention is how frequently they have to 

purchase more fuel. By using the performance information presented on a dashboard, a user can 

tailor their fuel efficiency by adjusting their driving. This change in performance has the potential 

to reduce the number of times they have to purchase more fuel. Therefore, by using the dashboard 

and optimizing performance, the negative feedback intervention associated with fuel efficient 

performance can be reduced. 
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(a) 

 
 

 

(b) 

 
 

Figure 4 - (a) Traditional FI without a dashboard. (b) FI with a dashboard where a user can tailor performance 

prior to intervention. 

In summary, a dashboard is used to inform a user of their performance and help guide their 

decisions to create positive feedback intervention.  

Dashboards in Business 

Today’s dashboards in business are the result of dashboard evolution over the past 70 years. It is 

believed that dashboards have their roots in Decision Support Systems (DSS) which were popular 

in the 1970’s [12]. DSSs were the result of theoretical studies by Carnegie Institute of Technology 

during the 1950’s and 1960’s and the development of new abilities in the world of technology at 

Massachusetts Institute of Technology [13]. Since the 1970’s, DSSs have evolved into Executive 

Information Systems, Group Decision Support Systems, and Organizational Decision Support 

Systems. More recently, these DSS tools have been combined with cloud computing and the 

limitless accessibility to data to evolve into today’s dashboards [14].  
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In 2006, it was estimated that 40% 

of the 2,000 largest companies are 

actively using dashboards [15]. 

According to Peter McFadden, 

CEO of Excel Dashboard 

Widgets, “dashboard reporting is 

the process of designing an easy to 

read, often single page, real-time 

user interface, showing a graphical 

presentation of the current status 

(snapshot) and historical trends of an organization’s Key Performance Indicators to enable 

instantaneous and informed decisions to be made at a glance,” [16]. Similarly, Wise Analytics 

explains that through the visualization techniques used in dashboards, they directly help decision 

makers to identify the right information [17]. This identifies dashboards as being essential in the 

business intelligence procedure of data presentation. Out of the other three business intelligence 

procedures (data infrastructure, data integration, and data analysis), data presentation is used to tie 

all the levels together.  

In 2005, Hurwitz & Associates performed a survey of 113 IT executives from companies with more 

than $100 million in revenue [18]. Figure 6 below identifies the most significant benefits of 

dashboards in business based on the research conducted by Hurwitz & Associates. 

Figure 5 - The Decision Support Systems decision-making process. 

Source: [12] 
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Figure 6 - Most Significant Benefits of Dashboards in Business. Source: [18] 

As a result of the recent increase in dashboard usage and the benefits seen in Figure 6, 80% of the 

interviewed IT executives found either medium or significant changes in a variety of important 

business aspects seen below. 

 Faster time to market 

 Improved productivity 

 Improved profitability 

 Improved customer service 

 Competitive differentiation or advantage 

The report also concluded that 95% of people surveyed found dashboards to be beneficial in 

providing consistency, reliability, and accuracy to improve decision making [18]. Lyndsay Wise, 

Chief Analyst and CEO of Wise Analytics, adds to the list saying that dashboards do not  only save 

time and increase profitability, but they can also lend insight into customer behavior, align 

strategies with tactics, and ensure a widespread goal-driven and performance culture [19].  

This widespread dashboard usage in business is interesting because companies invest significant 

amounts of money in overall dashboard design and Key Performance Indicator development, but 

the research in the actual Feedback Mechanisms within the dashboards is lacking? 
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Dashboards in Everyday Life 

Businesses are not the only consumers who invest in 

dashboards. It can be argued that dashboards have been 

in everyday life in the simplest of forms well before the 

first DSS. One of the first more recognizable 

dashboards came in 1902 when Otto Schulze 

engineered the first speedometer [20]. This was able to 

take direct user performance and provide feedback to 

the driver in the form of a display. Aside from 

automobiles, dashboards are used virtually everywhere 

in today’s world. From Oregon State University’s scholastic progression dashboard MyDegrees, to 

Green Energy Options’ in home energy dashboards, to health and fitness dashboards like the Nike 

Fuel Band, to Twitter feeds and Facebook friend activity dashboards, dashboards are used in 

everyday life.  This again begs the question, since we have so many dashboard users, why are the 

Feedback Mechanisms in which dashboards provide performance information so understudied. 

 

  

Figure 7 – Nike Fuel Band Activity Dashboard. 

Source: [80] 
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Dashboard Effectiveness 

Before looking at Feedback Mechanisms as a subatomic part of a dashboard, it should be noted that 

throughout the evolution of dashboards, the question has been asked as to whether or not 

dashboards as a whole work. This question has been posed in two ways. The first asks whether 

dashboards help improve performance within four months of implementation. The second asks 

whether a dashboard sustains its effectiveness over a long period of time. The latter creates the 

comparison between a dashboard as a utilized tool that enhances performance regularly to a playful 

gadget that is used for the first four months then forgotten [21], [22]. In the following two case 

studies, the first question is addressed, as the second question will be discussed later.  

Marketing Dashboard Model 

Michael Krush et al. conducted a study in response to the lack of understanding of strategic 

marketing resources and how they influence the decisions of companies [23]. Their aim was to 

identify whether or not marketing dashboards served as a valuable resource independently and 

conjointly with sales capability to increase sensemaking (decision making) therefore increasing 

cost control and customer performance.  

Five hypotheses were formed for the purposes of this study which can be seen interconnected in 

Figure 8. 

H1. Sales capability will have a positive relationship with sensemaking. 

H2. Marketing dashboards will have a positive relationship with sensemaking. 

H3. Sales capability and marketing dashboards will interact to positively influence 

sensemaking. 

H4. Sensemaking will have a positive impact on its cost control. 

H5. Sensemaking will have a positive impact on customer performance. 
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By surveying 158 various companies, data was collected regarding each of the five hypotheses. 

The first was about the current utilization and availability of marketing dashboards in the individual 

firms. The second, about their sales capability and availability of sales training. The third, about 

the company’s emphasis on retrospective analysis to make decisions on future plans. The fourth, 

about acquiring customers and increasing sales to current customers. The fifth, about marketing 

efficiency and productivity. In addition to aspects regarding the five hypotheses, the age and size 

of the companies were considered since they too have an effect on the sensemaking process and 

utilization of marketing dashboards.  

The results of the model proved all five hypotheses to be true. Based on the model, the utilization 

of marketing dashboards proved to be a key contributor toward decision making that positively 

affects marketing efficiency and customer performance. Not only so, but marketing dashboards 

proved to be a complementary beneficial resource when sales capabilities were improved in tandem 

with increased utilization of marketing dashboards.  

Figure 8 - Hypothesized Model of Marketing Dashboard Effectiveness. Source: [21] 
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Oberlin College Energy Case Study 

Another dashboard that proved to be successful was located at Oberlin College in Ohio called the 

Campus Resource Monitoring System (CRMS). In response to the vast amount of energy that is 

consumed by college buildings, the college decided to install energy and water usage dashboards 

in their residence halls as seen in Figure 9 [24], [25].  

 

Figure 9 - Oberlin College Campus Resource Monitoring System. Source: [25] 

The main issue in most college dormitories is that the residents do not receive even the slightest 

normal feedback regarding their energy usage in the form of a monthly electrical bill. The hopes of 

placing a dashboard in the residence halls would connect the loop back to the occupants which will 

in turn effect their decisions as seen in Figure 11. Prior to installing the dashboard, the students had 

no tangible feedback from their resource consumption. Based on the Law of Effect, this would not 

discourage excessive energy use.  
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With the introduction of the 

dashboard, there was a reduction in 

total dormitory energy usage campus 

wide. According to Abby Spinak, there 

was an average energy reduction of 

20% from the behavioral changes 

alone [25]. There were several 

performance indicators built into the 

dashboard. These include informational, relational, competition, and coaching performance 

indicators which will be discussed later in the Key Performance Indicators Chapter. Similar to the 

watts/person graph seen in Figure 9, several of the indicators are informative. There was also 

emphasis on some of the features to make the data more relatable and tangible such as displaying 

information in terms of miles driven by a hybrid or SUV, tanks of fuel, light bulbs, burgers 

consumes, etc. There was also another unique feature that was built into this dashboard. There was 

a two week campus competition between dormitories to see which hall could reduce the most 

energy. The dashboard informed the hall whether or not they were going to win the competition. 

By creating a game, competition, game theory, and social reinforcement are built into the dashboard 

which will be 

discussed later. 

During the time of 

the competition, 

there was a 32% 

reduction in energy 

usage by the change 

in behavior of the 

students. Figure 10 

Figure 11 - Oberlin CRMS Feedback Loop. Source: [22] 

Figure 10 - Socio Technical Feedback System with Game Theory. Source: [23] 
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shows the additional features that are included in the CRMS to influence occupant decisions such 

as having a competition and rewards for conservation. There was also built in information included 

in the CRMS that coached people about environmental effects caused by energy usage which tried 

to help users make more informed decisions thus affecting their behavior.   
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Long Term Dashboard Effectiveness 

While dashboards continually demonstrate their effectiveness in the immediate and short term, the 

long term effectiveness of dashboards is still an open area of research. When a dashboard is 

implemented into an environment, there is significantly high dashboard usage. After a long period 

of time, in most cases twelve months, there is a significant reduction in usage [22], [21]. 

Consequently, since there is a reduction in usage, the effectiveness is inherently reduced as there is 

a tight correlation between feedback rates and dashboard effectiveness [26]. Currently, there is no 

decisive relationship that bares reason to a reduction in usage, however, S. van Dam suggests that 

dashboards simply drift into the background by lack of interest [21]. This idea is reinforced when 

participants of a study conducted by Tom Hargreaves stated that their dashboard blended into the 

house and became a part of the furniture as opposed to a purposed informational display [22].  

Although dashboards are effective in the long term compared to performance without a dashboard, 

it has been noted on several accounts that long term dashboard effectiveness is significantly less 

than short term effectiveness [22], [21], [27], [28]. Until recent, the documentation of long term 

dashboard effectiveness has not existed [22], [21], [29]. The largest disparity in research pertaining 

to dashboard effectiveness is the length of the study or the lack of follow up questions after a long 

period of time [21]. Prior to 2009, longitudinal research on long term dashboard effectiveness was 

inconclusive [22], [21], [30].  

There have been methods posed as ways to enhance long term effectiveness, however, many of 

them have not been researched in a practical setting or in great depth [21], [29]. Wokje Abrahamse 

concluded that feedback is generally more effective when paired with other strategies to increase 

user interaction [31]. This is similar to the previously discussed energy usage competition at 

Oberlin College. The primary reason for this is an increased frequency of feedback, which, as Sarah 

Darby discusses, is directly related to dashboard effectiveness [32]. The most notable suggestion 
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posed by S. van Dam is to create dashboards where users can develop habitual usage [21]. On 

another note, B.J. Fogg coined the idea of ‘captology’ and started the movement for creating 

frameworks for persuasive products such as his behavior model for persuasive design [33], [34]. 

This was then combined with habitual usage to develop Design with Intent which takes both 

disciplines and integrates them into dashboard design [35]. Methodologies of feedback are 

discussed further in the Feedback Mechanisms Chapter.  

It should be noted that to the author’s knowledge there exists no peer reviewed article or publicly 

accessible white paper discussing research conducted on long term effectiveness outside the area 

of energy dashboards. Furthermore, the research that has been documented is limited. 

Delft University of Technology Case Study 

The Delft University of Technology case study from 2010 by S. van Dam was noted as the first of 

its kind to explore and identify the trends of long term dashboard effectiveness [21]. It consisted of 

a 15 month pilot with an in home energy dashboard. For reasons pertaining to confidentiality, 

dashboard and feedback mechanism specifics are omitted from the study. However, the dashboard 

used in the study displayed real time power consumption and daily power consumption. 

Effectiveness was measured by the sustained electricity savings during the study. After assessing 

the initial effectiveness, it was assessed again 11 months later to determine the effects of long term 

usage has on the effectiveness. As a secondary study, S. van Dam also attempted to establish a 

correlation between habitual usage and long term effectiveness.  

They posed three hypotheses for their research.  

H1.  At the end of the initial four-month trial, participants have an overall mean electricity 

saving. 
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H2. Participants’ initial (four month) electricity savings are not expected to be sustained over 

the entire 15 month period. However, participants who kept the monitor at home after the 

four-month initial trial are expected to sustain better their electricity savings than those 

who returned the monitor.  

H3. There is a positive relationship between having a daily habit of checking the monitor and 

sustaining the electricity savings over the 15 month period. 

The initial hypothesis proved to be true where the average initial electricity reduction after four 

months was 7.8%.  When reassessed 11 months later, it was found that there was a reduction in 

dashboard effectiveness across all participants. The electricity reduction, compared to the baseline, 

was back to only 1.9%. The results can be seen below in Figure 12 for both the initial and long term 

studies.  

After the initial period, people were able to give their energy display back or to keep their display. 

It was also at this point that people were asked about their habitual usage of their dashboard. Many 

of the people who reported checking their dashboard habitually either checked their dashboard prior 

to going to bed or first thing in the morning. By differentiating between the participants, three 

groups emerged.  

Figure 12 – (a) Achieved Savings after Four Months. (b) Achieved Savings after 15 Months. 

(a) (b) 
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 Group AH: Participants kept their dashboard after the initial four month period and 

reported checking their dashboard habitually. 

 Group ANoH: Participants kept their dashboard after the initial four month period and 

reported that they did not check their dashboard habitually. 

 Group B: Participants returned their dashboard after the initial four month period. 

As seen in Figure 13, it can be noted that there is a vast difference between the three groups, 

however, there is still a universal decrease in dashboard effectiveness over a long term. Group AH 

reduced their electrical usage by an average of 16.7% whereas Group ANoH and Group B reduced 

their initial electricity usage by only 6.3% and 3.9% respectively. This led to two ideas. Firstly, 

habitual usage of the dashboard can increase overall dashboard effectiveness. Secondly, habitual 

usage did not reduce the effects of time on dashboard effectiveness. It did not matter whether people 

frequented their dashboard, or did not have a dashboard, there was a reported decrease in dashboard 

effectiveness. 

As a result of their research, they could conclude the following in regards to their hypotheses.  

H1. True – There was an overall mean electrical savings reported after the initial four months. 

Figure 13 - Long Term Effectiveness Mean Savings after 4 and 15 Months 
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H2. False – There was no correlation in the sustaining of dashboard effectiveness between users 

who kept their dashboards and those who returned their dashboards. However, it was noted 

that by keeping the dashboard, there was an increase in overall effectiveness of the 

dashboard. 

H3. False – There was no correlation in the sustaining of dashboard effectiveness between 

habitual users and non-habitual users. However, it was noted that habitual usage increased 

the overall effectiveness of the dashboard. Furthermore, based on participant feedback, S. 

van Dam commented that a feedback mechanism dedicated to habitual action could be 

beneficial to long term effectiveness.  

These results call for further research on a wider variety of Feedback Mechanisms to enhance long 

term effectiveness. S. van Dam also encourages the synthesis of ideas between dashboard 

designers, users, and social scientists. There is extensive social science literature as well as white 

papers from dashboard design companies directed toward behavioral change through feedback, 

however, there is currently a lack in overlap and combination of ideas. In addition, the literature 

should be followed with longitudinal studies which are necessary to capture direct feedback from 

dashboard users.   
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Key Performance Indicators 

Transitioning from discussing the dashboard as a whole, the sublevels within the dashboard will be 

reviewed. Dashboards are comprised of Key Performance Indicators as a way to inform users about 

their performance. According to Carol Fitz-Gibbon, a technical definition of a KPI is an indicator 

used in complex systems to collect and track performance data at regular intervals [36]. In other 

words, a KPI defines how a user’s quality of performance is determined. Based on the computer 

science theoretical applications in dashboards, Jon Froehlich says there are 10 design dimensions 

that need to be evaluated when selecting a KPI [26]. These include frequency, measurement, data 

granularity, push/pull, presentation medium, location, visual design, recommending action, 

comparisons, and social sharing. 

As noted previously, the framework of dashboards is a collection of KPIs. That said, if a dashboard 

is considered to be effective, the KPIs within the dashboard are inherently effective. This works in 

the opposite direction as well. If a KPI is effective, the dashboard will be effective.  Moreover, it 

should be noted that similar to the plentiful research found on overall dashboard design, KPI 

development research is also abundant. This implies that companies are investing money in 

determining how to motivate users by changing the metric in which their performance is measured. 

Types of Key Performance Indicator Combinations 

There are many types of KPIs that are needed for the wide range of dashboards. In most cases, 

combinations of KPIs fall into one of the five categories informative, relatable, coaching, 

competition, and compliance. Although the categories are not entirely variant, and there is overlap 

between categories, they are unique enough to warrant their separation. Within each of these 

categories, there is a wide range of KPIs. For example, call center effectiveness can be displayed 

as an informative KPI by showing customer satisfaction, the average handle time, or the number of 
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active calls and calls waiting [37]. It simply depends on how the user defines call center 

effectiveness to identify which KPI is more important to the user. Below lists each of the KPI 

categories with a theoretical description and a few examples. 

Informative  

Informative KPIs are the most frequently used type of 

KPI. The main differentiation between informative 

KPIs is the metric in which they measure 

performance. They provide information to the user 

about one specific performance statistic. In the case of 

the call center, if good performance is dependent on 

keeping the number of people waiting to have their 

call answered low, a KPI would be selected to display how many people are in the call queue. 

Conversely, if good performance is defined as customer satisfaction, an informative KPI displaying 

average customer satisfaction may be implemented instead. Figure 14 demonstrates an informative 

KPI used in determining how much money is in accounts receivable that is in excess of 60 days. 

The performance statistic of importance to the user is keeping this value as low as possible.  

Relatable 

A relatable KPI displays feedback in terms will make the feedback information more 

understandable for a user. For most energy dashboards, units are displayed in kWh (for electricity), 

mpg (for gas in vehicles), or ccm (for water) which are generally ambiguous measurements [26]. It 

has been noted that people gravitate toward metrics that they understand such as money or light 

bulbs [25], [38]. In essence, relatable dashboards attempt to reduce the need for complex 

hermeneutical interpretation [39]. They display data in more simple/relatable terms allowing the 

user to make better decisions with more understandable metrics.  

Figure 14 - Informative KPI Displaying Accounts 

Receivable in Excess of 60 Days. Source: [5] 
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In the 2010 Ford Fusions, Ford implemented a relatable KPI in the Ford SmartGauge with 

EcoGuide which was developed in collaboration with the award winning IDEO [40], [41], [42]. 

According to white papers published by Ford Motor Company discussing the SmartGauge, as a 

driver drives more efficiently, more leaves are shown growing on vines located next to their 

speedometer as seen in Figure 15 below [40], [43], [44]. Given the user has an environmental 

motivation, at least in a virtual sense, the feedback information is presented in an easier format for 

people to interpret and it is more relatable. 

 

Figure 15 - Ford Fusion SmartGauge with EcoGuide Efficiency Leaves. Source: [44] 

Coaching 

Coaching is the utilization of steps that walk users through a procedure to optimize their 

performance. By simply placing signs at doorways informing people that they could save energy 

by turning out the lights when the last person leaves the room, there was a 60% reduction in the 

number of days the lights were left on when the room was unoccupied [26].  
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Ford also implemented a coaching type of KPI in the Ford SmartGauge with EcoGuide [40]. 

According to Ford, the sole purpose of the SmartGauge dashboard is to coach people on how to 

optimize performance [40]. This plays directly on the research conducted by E.S. Geller and J.B. 

Allen in that there is increased performance when there is perceived control [45], [46]. Not only 

are they able to see their performance, but Ford gives users an opportunity to manage it quickly 

and readily while using the dashboard. There are four categories that the information is broken into:  

1. Inform 

This category displays the fuel level and the battery change status [40]. This allows 

the user to have a simple display and only show some of the basic information that 

they may need [42]. 

2. Enlighten 

This category displays the electric vehicle mode indicator and the tachometer [40]. 

3. Engage 

This category displays the engine output and battery output performance [40].  

4. Empower 

This category displays the amount power going to the wheels, the engine pull-up 

threshold, and the accessory power consumption information [40]. The engine 

pull-up threshold allows the driver the opportunity to see the optimum rate of 

acceleration [42]. The pressure experienced at the pedal is tied into the dashboard 

so that the driver tries to keep the pressure indicator in the confines of a box 

signifying optimum performance [42]. 

All of the data is customizable and can be presented as the driver needs [40]. By making the data 

more accessible based on user preference, this will increase feedback times because they will not 

need to flip through screens to find the most pertinent information [40], [47]. This idea of coaching 

is an ‘alterity relationship’ (human to data relationship) discussed by D. Idhe and Trevor Hogan 
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where the user perceives the dashboard to be a ‘quasi-otherness’ [39], [48]. The Trio dashboard by 

Green Energy Options, which will be discussed later, does something similar in creating an avatar 

that walks the user through a step-by-step procedure in identifying the lowest areas of performance 

and allowing the user an opportunity to improve those areas of performance [49]. 

Competition 

As opposed to motivating users through perceived control, KPIs can also take the form of a 

competition. This competition can be a performance comparison between oneself and/or other 

people. When people were informed of how others reused their towels in hotels, there was a 33% 

increase in towel reuse as opposed to those who were not told of the social norm [26]. The United 

Kingdom Department for Environment Food and Rural Affairs claims it is important to give people 

the ‘social proof’ or proof that others are performing well at the same task [50]. Not only so, but 

they continue by saying it is important to reward people for performing well and to make sure there 

is a competitive environment for people to buy into. This idea of a competitive environment plays 

into the idea of game theory as discussed by Jane McGonigal [51]. She says that in order for humans 

to survive the next century, she predicts we need 21 billion hours of ‘game play’ every week in 

competitive environments related to issues such as poverty, climate change, and obesity. She 

stresses that the feeling of achievement be in KPIs as they are in virtual games. This need is based 

on her research where she has found that people are more inclined to solve virtual problems in 

Azeroth (the world in World of Warcraft) as opposed to Earth because performance based rewards 

are provided more frequently in Azeroth than Earth. From the release of World of Warcraft in 2004 

to her study in 2010, people, as a collective, have spent over 5.9 million years trying to increase 

their performance in the game. Therefore, she calls for technology that plays on people’s innate 

competitive sense.  
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The SmartGauge in the Ford Fusion allows users to compete against themselves and achieve better 

‘scores’ for their miles per gallon. When addressing the game like features of the SmartGauge, 

Steve Bishop, the global lead for sustainability with IDEO, said, “Video games engage their users 

in a similar fashion with levels. In fact, when we observed hybrid drivers, we found they were 

going for high scores, a gaming behavior that has never existed in cars before. We designed to 

accommodate it,” [42]. Jason Mathers of the Environmental Defense Fund agrees with Bishop that 

people should be allowed to compete against themselves to score a better mile per gallon rating 

compared to their previous trips [52]. Building off of Jane McGonigal’s call for instant 

achievement, Sonya Nematollahi, Driver Information Engineering Supervisor at Ford Motor Co. 

says the leaves act as an instant reward that motivates the driver, which according to Feedback 

Intervention Theory, the driver will be more likely to do that again [42], [51]. 

Compliance – Rule Following 

Compliance dashboards are similar to informative dashboards, however, they tend to have a slightly 

different effect on users. Since these are compliance dashboards, good user performance is required 

and reactions to bad performance should be immediate. This ties into the theories developed by 

Wokje Abrahamse where dashboards tend to be more effective if coupled with other strategies to 

promote user behavioral change [31]. In this case, the KPIs are coupled with regulation compliance, 

so the user is invested in their success. For dashboards in a hospital setting, patient safety is usually 

strictly monitored by upper management [53], and Mark Combs reports reductions in patient 

injuries after dashboard implementation [54]. In cases that involve agency regulations such as the 
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Department of Environmental Quality, Environmental Protection Agency, or Employee Health and 

Safety, dashboards are used to help with company compliance [55].   

Figure 16 - Dakota Software Compliance Applications for Dashboards. Source: [81] 
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Feedback Mechanisms 

Taking another step further into the anatomy of dashboards, Feedback Mechanisms make up Key 

Performance Indicators. FMs are the mechanisms used to relay performance information back to a 

user regarding a single KPI or one area of performance. There are several FMs that can be chosen 

to fill a KPI. This poses the question of ‘Is it better to use a graph, a number, or an avatar?’ or, more 

simply, ‘what is the best way of displaying feedback information related to a particular KPI?’ 

Currently, these questions continue to go unanswered. Although there is invested research on 

overall dashboard design and KPI development, there exists very little research pertaining to FMs 

[22], [38]. The reason why this is an important issue is that dashboard evolution is hindered because 

of this lack of research. Since there are no lessons learned from previous FMs, designers and 

developers are not able to identify which FM is more effective than the next. Furthermore, since 

FMs are the most basic level of a dashboard in that they are the mechanisms providing feedback 

regarding a given KPI, they find themselves at the foundation of dashboard effectiveness. That is 

why this thesis is a call for more research on FM effectiveness. For researchers studying Design 

with Intent like D. Lockton, persuasive products like B.J. Fogg, or general dashboard design like 

Sarah Darby and S. van Dam, FM research should be a primary area of focus [21], [32], [33], [35]. 

Most importantly, Ford, Green Energy Options, Klipfolio, DakotaSoft, Juice Analytics, or other 

companies who invest in dashboard design should be focusing their research and development on 

specific FM effectiveness as opposed to general dashboard effectiveness.  

Feedback Mechanism Examples 

Before addressing how to do FM research, it is important to see that there exist several FM options 

for a given KPI. In the case of implementing a KPI promoting fuel efficient driving, there are 

several FMs that could be used to inform the driver of their current driving style. When a driver 

accelerates their car faster, their fuel efficiency goes down, therefore, they are spending more 
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money in a shorter amount of time as compared to someone who accelerated at a slower pace [56]. 

FMs provide the necessary feedback that allows drivers the opportunity to know how efficiently 

they are driving. Based on the information provided in the FM, they are able to improve their fuel 

efficiency. 

Analog Speedometer 

As opposed to a digital speedometer, an 

analog scale shows a user how quickly 

their speed is increasing. When a car 

accelerates at a faster rate, it is usually 

less fuel efficient. By allowing the user 

to see the speed increase at a faster rate, 

they can react to the sudden increase in 

speed and reduce the rate in which they 

are accelerating.  

Analog Tachometer with Efficiency Range 

Similar to the analog speedometer, when a 

vehicle’s RPMs increase at a faster rate, it is 

usually less fuel efficient. Since the user is 

able to see the rapid increase in RPMs, they 

can react to the increase and reduce their rate 

of acceleration. The efficiency range, 

however, provides the user a target to keep 

their RPMs in a specific range. Since energy use is a function of distance, mass, and acceleration, 

Figure 18 - Jeep Wrangler Tachometer with Efficiency 

Range. Source: [78] 

Figure 17 - Ford Fusion Smart Gauge (a) Analog Speedometer (b) 

Miles per Gallon Display (c) Efficiency Tree. Source: [79] 
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by keeping the RPMs in the efficiency range thus keeping the car’s acceleration low, the used 

energy will be lower. An example can be seen in Figure 18. 

Miles per Gallon Display 

A digital miles per gallon display gives the driver direct feedback regarding their fuel efficiency. 

Based on their driving habits, a user can determine whether or not they need to drive more 

conservatively to be more fuel efficient. This can be seen in Figure 17 above. 

Driver Efficiency Gauge 

An efficiency gauge informs the driver of whether or not their current driving habits are efficient. 

As seen in the 2012 Buick LaCrosse with eAssist, the “Eco” needle moves left and right when the 

driver accelerates or decelerates too rapidly [57]. For maximum efficiency, the driver needs to keep 

the arrow pointed in the solid green zone at the center of the gauge.  

 

Figure 19 - Driver Efficiency Gauge. Source: [58] 

Money per 100 Miles Display 

Similar to the miles per gallon display, a money per 100 miles display would give the user 

information regarding how much they are spending based on their driving habits. As the user 

becomes more efficient with their driving, the money per 100 miles display would reveal a low cost 
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of use. However, the opposite is true if the user drives more aggressively. According to [11], [38], 

and [22] people will react more readily to a money metric as opposed to a less tangible metric like 

miles per gallon. By displaying a high cost per 100 miles, the user will be triggered to react and 

drive more efficiently.  

Efficiency Tree 

By using an efficiency tree as seen in the SmartGauge, it allows the user to metaphorically see how 

efficiently they are driving in real time. The tree loses leaves as the driver accelerates in an 

inefficient manner. The problem with this display is user values. According to [11] the emotional 

draw of leaves falling off of a tree will not have the same effect from person to person. The leaves 

falling off a tree would have a different effect for a person from Portland and a person from New 

York. An example can be seen in Figure 17 above. 

Competition 

A competition would inform the user if their driving habits are more or less efficient than the 

average. There are online websites and applications established to compare a user’s fuel efficiency 

to other people [59], [60]. Although in car dashboard based competition is not in wide spread use, 

as the transition to in car apps begins to grow, it is becoming more feasible [61], [62], [63]. Nissan 

features a ranking system that compares the driver’s fuel efficiency among people with the same 

model car and a dashboard compatible with CARWINGS navigational display [25], [64], [65]. 

Based on Game Theory, as discussed previously, a winning aspect is created, and people can 

compete for the best fuel efficiency. In order to win, the user would be required to drive more 

efficiently.  



  32 

 

   

As seen from the examples above, there exist several FMs that could fulfill a given KPI. However, 

since there is such limited research on FM effectiveness, no theoretical approach exists in 

determining what FM to use for a particular KPI.   
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United Kingdom Home Energy Meter Study 

Now that various Feedback Mechanisms have been identified and the need for FM effectiveness 

research is needed, the following case study serves as a discussion regarding one of the only 

documented reports on FM effectiveness. According to Tom Hargreaves and his research team, 

The United Kingdom Home Energy Meter Study performed one of the first in depth qualitative 

studies of dashboard effectiveness. In their report, they interviewed participants regarding 

individual FM effectiveness, and they demonstrated a solid methodology for testing.  

In December 2009, the United Kingdom Department for Energy and Climate Change (DECC) 

decided to provide dashboards to all homeowners by 2020 [38], [22]. These dashboards included 

‘smart-meters’ and real time displays regarding the home’s electricity use to help them control 

consumption, save money, and reduce emissions. Prior to starting this study, it was noted from 

Sarah Darby that the “understanding of how feedback does or does not work remains unexplored 

or untested” [32]. The DECC was attempting to answer some of these unknowns by performing a 

large scale study on dashboard effectiveness and user dashboard interaction.  

As a part of the University of East Anglia £3Million grant to promote innovations in technologies 

and/or behavior changes to reduce carbon emissions, 275 Households were selected for a Visible 

Energy Trial (VET). Selection of participants and households can be seen in [38]. Three different 

Green Energy Options (GEO) dashboards were tested as seen in Figure 20. Each household will 

receive one of the GEO dashboards and the dashboards’ effectiveness will be measured by a 

reduction in electrical use by the user.  
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GEO Dashboards Overview 

The GEO dashboards used in the VET are discussed below. Listed by increasing complexity, the 

three GEO dashboards that were used are the Solo, Duet, and Trio.  

Solo 

The simplest of the three dashboards is the Solo [38]. The main purpose of the Solo is to display 

energy efficiency performance information at a glance [66]. It is intended to be basic. The Solo 

features four main Feedback Mechanisms 

which include the Speedometer, 

Milometer, Fuel Gauges, and Comparison 

Data [67].  

1. Speedometer 

The Speedometer, as seen in Figure 21, is a 

real time display of how much energy is 

being used. This can be represented in 

Figure 20 - GEO's smart energy monitors (showing from left to right: Solo, Duet, Trio). Source: 

[38] 

Figure 21 - GEO Solo Dashboard. Source: [74] 
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terms of projected cost per hour, projected kilograms of CO2 per hour, and instantaneous kW.  

2. Milometer 

The Milometer displays the cumulative energy used for that day or for the last seven days. Note 

that the same units can be selected as with the Speedometer. It is located at the center of the device 

as seen in Figure 21. 

3. Fuel Gauges 

The Fuel Gauges allow the user the option of creating 

a daily budget for how much energy they can use for 

the day. This is quickly represented by the tick/cross 

seen in Figure 21 and with more detail by the inner 

and outer gauge. The outer gauge shows how much 

electricity the user has left for the day based on their daily allowance. The inner gauge is a reference 

that fills up with the same daily allowance, however, it is based on the user’s typical performance 

given the specific daily allowance. The tick and cross allow the user to quickly see whether they 

are saving energy (shown by a tick) or using more energy (shown by a cross).  

4. Comparison Data 

The Comparison Data is represented by arrow heads as seen in Figure 22. After the device has 

recorded seven days of data, an arrow displays whether the user is using less or more energy at that 

specific moment as they did last week at the same time.  

Figure 22 – GEO Solo Dashboard Arrow Heads 

Source: [74] 
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Duet 

The Duet is slightly more complex than the Solo and is comprised of two displays listed D1 and 

D2 in Figure 23 [38], [68]. D1 contains all of the features of the Solo whereas D2 contains two 

additional Feedback Mechanisms which include a Heating Display and Appliance Display.  

1. Heating Display 

By connecting to the HVAC system of the home, the Heating Display allows the user to see detailed 

information regarding their heating system. The Heating Display can show the following 

information: 

 The current boiling burn time 

 Percent of the day the boiler has been heating the radiators 

 How long the radiators have been on today 

 Percent of the day the boiler has been heating hot water 

 Total time the hot water has been on today 

2. Appliance Display 

Figure 23 - GEO Duet Dashboard. Source: [75] 
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The Appliance Display shows the energy usage information for up to six appliances. By plugging 

the appliance into a transmitter, the transmitter reports back to the Duet how much energy the 

specific appliance is using.  

Trio 

The Trio stands out from both the Solo and the Duet as being the most complex [38]. The Trio is 

connected to the Wi-Fi of the user’s house, and the information can be accessed from a personal 

computer. The users selected for the VET study were provided with a netbook to check their Trio. 

Per the information displayed on the Trio, all of the features of the Solo and Duet are included, but 

they are enhanced [49]. There is one 

feedback mechanism included in the Trio 

called Gilbey. Below, are the 

enhancements to the six previously 

discussed Feedback Mechanisms from the 

Solo and Duet along with the new feedback 

mechanism Gilbey.  

1. Speedometer 

The Speedometer is able to be broken into specific categories such as supplies and appliances as 

seen in Figure 24.   

2. Milometer 

Similar to the Speedometer, the Milometer is able to be broken down into specific categories.  

Figure 24 - GEO Trio Dashboard Speedometer and 

Milometer. Source: [49] 
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3. Fuel Gauges 

The Fuel Gauges can also be broken into specific 

categories, however, the fuel gauge has built in 

features that are now built into Gilbey which is 

discussed below. The Fuel Gauge is represented 

graphically along with cumulative consumption. 

The dotted fuel line adjusts based on typical usage 

and the energy allowance set by the user. This 

graphical representation can be seen in Figure 25.  

4. Comparison Data 

Similar to the Fuel Gauges, the Comparison Data can be represented in specific categories and 

many of the features are built into Gilbey. The Trio also provides the user the ability to view 

historical data. Some of the comparison data features are included into the Appliance Display as 

seen in Figure 26.  

5. Heating Display 

The Heating Display acts the same way as on the Solo and Duet. The largest difference is the ability 

to display historical data similar to the Appliance Display seen in Figure 26. The Gilbey feedback 

mechanism is the primary mechanism used to address differences between current and typical 

heating performance. If there are any oddities, Gilbey will try to influence behavior.  

Figure 25 - GEO Trio Dashboard Fuel Gauge Line. 

Source: [49] 
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6. Appliance Display  

The Trio allows for 100 

appliances to be synced to the 

dashboard. It allows these to 

be broken into categories such 

as kitchen, laundry room, and 

entertainment room as seen in 

Figure 26. The Trio also 

allows the user the opportunity to see historical data and data over a wider range. Similar to the 

other Feedback Mechanisms, some of the Appliance Display features are built into the Gilbey 

feedback mechanism.  

7. Gilbey 

Gilbey is an avatar that changes with respect to user energy efficiency as seen in Figure 27. When 

the user is performing well, Gilbey will appear to be happy and relaxed. This implies that the user 

is saving energy compared to historical data. If the user is using slightly more energy than normal, 

Gilbey will appear to be aggravated and will start bouncing up and down. If the energy use 

significantly exceeds the typical usage, Gilbey will be angry and will bounce around the screen to 

attract attention.  

Figure 26 - GEO Trio Dashboard Appliances. Source: [49] 
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Gilbey will then help the user determine where there is abnormal energy usage by walking the user 

through screens including the Fuel Gauges, Comparison Data, Heating Display, and Appliance 

Displays.  

VET Results 

Tom Hargreaves et al. performed a qualitative approach in analyzing effects of the GEO dashboards 

during the VET [38], [22]. Of the 275 households involved in the VET, 15 were selected to be 

interviewed. The interviewees were questioned about the individual Feedback Mechanisms used in 

each of the dashboards. Overall, it was found that the dashboard provided a visual prompt that 

triggered a behavioral response. When the dashboards were perceived as giving a high reading, the 

user would immediately react.  

Feedback Mechanism Effectiveness Results 

The interviewees were asked about the seven Feedback Mechanisms discussed above in the GEO 

Dashboards Overview Section.  

1. Speedometer 

The Speedometer was found to be one of the less influential Feedback Mechanisms. Many people 

thought that the precision of the data was unnecessary. Furthermore, the forecasting by the 

Figure 27 - GEO Trio Dashboard Gilbey Emotions (From left to right happy, aggravated, angy). Source: 

[49] 
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Speedometer based on the instantaneous energy usage shifted too rapidly to have a large effect on 

the user. It was also unbeneficial when the forecasting would project unrealistic numbers when the 

drier or kettle was being used.  

As for the various Speedometer metrics, money was the metric of choice for almost all of the users. 

The kilowatt hours and carbon dioxide emissions were considered ‘meaningless’. One of the 

participants said, “A kilowatt hour to most people is an abstract figure…whereas pound and pence, 

you know what you’re spending.” Similarly, another user said they “can’t relate to [kilograms of 

carbon].” 

2. Milometer 

Interviewees again found that the absoluteness of the Milometer was unhelpful. It was stated by 

one of the participants that the number was too small and it did not ‘worry people’. As a result, the 

Milometer was one of the less influential Feedback Mechanisms. It should also be noted that, 

similar to the speedometer, money was the metric of choice.  

3. Fuel Gauges 

It was reported that the Fuel Gauges were found to be one of the more influential Feedback 

Mechanisms. Several of the Solo and Duet users said they checked the Fuel Gauge regularly. Since 

the display was given in the form of a tick or a cross, it was easy to see if the user was on track to 

meet their daily allowance.  

4. Comparison Data 

Based on the participant discussion presented, there was little said about the Comparison Data. By 

the lack of commentary regarding the Comparison Data, it cannot be determined whether it is 

effective or ineffective. In such a case, it can be assumed that it is a moderately influential feedback 

mechanism, or it does not have a widespread trend worth documenting.  

5. Heating Display 

Similar to the results for the Comparison data, the Heating Display received little documented 

commentary regarding its effectiveness. By the lack of discussion on the Heating Display, it cannot 
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be determined whether it is effective or ineffective. In such a case, it can be assumed that it is a 

moderately influential feedback mechanism, or it does not have a widespread trend worth 

documenting. 

6. Appliance Display 

For the Trio and Duet users, a common way in which people used their dashboard was to keep track 

of specific appliance energy usage. The Appliance Display was one of the more influential 

Feedback Mechanisms. Although the Solo users did not have an Appliance Display, some of the 

users reported watching their Speedometer as they turned appliances on and off. This allowed them 

to collect the same general information in a less convenient way.  

By identifying which devices are more ‘greedy’ than others, participants were able to make the data 

more ‘relatable’. This allowed participants to plan their daily routines and purchases. The most 

common response to the Appliance Display was the participant identifying ‘greedy’ appliances and 

either replacing them with something more energy efficient or using the appliance differently.  

7. Gilbey 

At the time of study, there were certain features that were not quite working correctly on the Trio. 

Gilbey was one of the features that was still under development. Based on the statements made by 

several of the participants, Gilbey would most likely be an effective feedback mechanism. The first, 

and most important, reason why Gilbey would be effective is its attempt to attract attention. The 

most common cause of user reaction was simply being seen and making the user perceive a high 

reading. Since there is a negative psychological connotation when Gilbey becomes angry and red 

then jumps around the screen, users would be able to easily identify that their usage is exceeding 

normal ranges [69], [70]. Furthermore, since there are 100 appliances that can be connected to the 

Trio, Gilbey can help the user directly identify the source of the excessive energy use with ease to 

the user. This would help the user identify a wider range of ‘greedy’ appliances at the time they are 

being ‘greedy’.  
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Feedback Mechanism Effectiveness and Testing 

As seen in studies aside from the Visible Energy Trial in the United Kingdom, researchers tend to 

only measure overall dashboard effectiveness [24], [25], [21]. There is limited research that pertains 

to identifying which feedback mechanism is more effective than the next. The research conducted 

by Tom Hargreaves, is the only documented study that takes a qualitative approach in determining 

the differences between Feedback Mechanisms by asking users which they prefer [38]. As a result 

of the limited research, it is essential that more research is conducted in the field of feedback 

mechanism effectiveness both in the short term (less than four months) and long term (more than 

four months).  

Due to the limited scope, funding, and time of this thesis, it is the author’s desire to identify testing 

procedures that can be used in further research as opposed to performing an independent study. The 

methods described by S. van Dam, Tom Hargreaves, Christopher Wickens, John Shaughnessy, and 

Mariam Sensalire were the basis of the suggestions [21], [38], [71], [72], [73]. It should be noted 

that this framework can and should be modified to suit the needs of the research being conducted. 

As Christopher Wickens says, there is no testing procedure that fits all feedback mechanism 

research projects and cannot be “context-free” [71]. Furthermore, since dashboards will be used in 

a real world setting, a real world testing procedure will be described, as lab research can prevent 

the natural occurrence of unpredictable intrusions. 

Identify Dashboard to Test 

The first step in the research procedure is identifying which dashboard to test. What are the specific 

measures of performance that will be used as KPIs? What is it you want to measure (in home 

electricity use, sales per month, fuel efficiency, customer satisfaction)? As soon as the KPIs are 

identified, FMs must be selected to fulfill each KPI. For the purpose of this thesis, only one KPI 
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will be considered with several FM options. The KPI will be the independent variable whereas FMs 

will be the dependent variables studied in the experiment. It is essential that general appearance 

remain constant across all dashboards used in the study as this needs to be a control. Some general 

guidelines to dashboard appearance can be found in a white paper by Juice Analytics [74]. It is also 

a recommendation that the dashboard be placed in an area (virtually or physically) that will be 

frequented by a user.  

Participant Selection 

Due to order effects of within-subject design, where only one subject is analyzed with several FMs, 

there exists practice that cannot be unlearned. This would contribute towards the general 

performance of the user, therefore, increased performance cannot be directly attributed to an 

increased FM effectiveness. Therefore, it is recommended that a between-subject design be used 

for this type of research. 

To limit order effects of fatigue and practice in between-subject designs, it is recommended that 

the dashboard be simple to use. For the study conducted by S. van Dam, only 5% reported that the 

dashboard used in the study was complicated to use [21]. Furthermore, the dashboard should not 

cause excessive fatigue. In general, the researcher should control variables that have the potential 

of interfering with the independent variable. 

For most of the studies conducted thus far, a majority of the participants have been selected through 

a volunteer process. In order to reduce the effects of subject behavioral variables that would 

influence their performance in the experiment such as bias, it is important that the selected 

participants accurately represent the general population. This is usually done by selecting a large 

number of participants, but it is not guaranteed that large populations are a good representation. To 

verify, it is necessary that a survey be conducted and an analysis of variance (ANOVA) be 
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completed to determine that the probability of difference between subjects is by chance as opposed 

to a trend in behavioral variables. For more information on ANOVA analysis, please refer to 

publications by Christopher Wickens and John Shaughnessy [71], [72]. Additionally, by having a 

larger participant sample size, the experiment has greater statistical power to draw more significant 

conclusions. 

Longevity of Study 

In order to properly address short term effectiveness, a four month study is adequate as seen in S. 

van Dam’s and Tom Hargreaves studies [21], [38]. However, a long term effectiveness study has 

been recommended to be at least 12 months. Since this experiment is not conducted in a controlled 

environment, change in the environment due to unforeseen circumstances is inevitable. During the 

beginning of the study, it is important to identify variables that will influence behavior, actions, or 

the subjects’ schedules. This survey should be completed at the time of testing as well to identify 

changes in the environment. The survey should include questions regarding their current 

environment as well as identify any unique circumstances that may have affected their behavior 

during the middle of the study. An example of a significant change can be seen in S. van Dam’s 

study where one of the users reported buying an air conditioner after the study began [21]. This 

resulted in a significant increase in electricity usage.  

Experiment Set Up 

Before the dashboard is implemented, the researcher should collect data regarding the KPI. This 

will create a control/baseline for the experiment and allow for the measurement of effectiveness. 

After the baseline is determined, the dashboard can be implanted into the environment. 

In order to address FM effectiveness as opposed to dashboard effectiveness, there are several 

avenues a researcher can take. In this thesis, a multi-condition 2 x M x N factorial design will be 
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discussed where N is the number of FMs to be tested. The first dimension will have 2 conditions 

regarding the selection of the FM. Either the researcher can specify which FM will be displayed 

for a particular user, or the participant will select their FM of choice. The second dimension has a 

varying number of conditions depending on the allowable number of FMs, M, to be displayed on 

the dashboard. For example, if the researcher wanted to observe the effects of having 3 FMs for the 

same KPI displayed at the same time, M would be 3. The final dimension also has a varying number 

of conditions based on the number of FMs to be tested, N. For example, if there were 7 dashboards, 

the multi-condition factorial design would be 2 x M x 7. M and N should be specified by the 

researcher depending on the desired scope of the study. Table 1 shows the factorial design 

dimensions where the FM selected is an independent variable, N.  

Table 1 - 2 x M x N Factorial Design for FM Effectiveness Testing 

 Researcher Selected FM(s) Participant Selected FM(s) 

1 FM Displayed Researcher selects FM and 1 

FM is displayed on dashboard 

Participant selects FM and 1 

FM is displayed on dashboard 

2 FMs Displayed Researcher selects FMs and 2 

FMs are displayed on 

dashboard simultaneously 

Participant selects FMs and 2 

FMs are displayed on 

dashboard simultaneously 

…
 

…
 

…
 

M-1 FMs Displayed Researcher selects FMs and 

M-1 FMs are displayed on 

dashboard simultaneously 

Participant selects FMs and 

M-1 FMs are displayed on 

dashboard simultaneously 

M FMs Displayed Researcher selects FMs and M 

FMs are displayed on 

dashboard simultaneously 

Participant selects FMs and M 

FMs are displayed on 

dashboard simultaneously 
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Collecting Information 

The collected data should be organized into groups based on the factorial of design of the study. 

The information collected in the study will be both qualitative and quantitative by means of 

performance data collection and surveys. The quantitative data will address the effectiveness of the 

FM with respect to the KPI. The qualitative data will take user feedback and address pros and cons 

of each FM regarding usability, performance effectiveness, and behavioral effectiveness.  

Quantitative 

Quantitative data can be collected at any point of the study to determine short term and long term 

effectiveness. This data should reflect the KPI. Was the FM effective in terms of the KPI it filled? 

For example, if the KPI was measured in terms of customer satisfaction, and there was an increase 

in customer satisfaction after the implementation of the dashboard, the FM would be considered 

effective. FMs can be directly compared to one another by the increase or decrease in the user’s 

performance while using a particular FM. If case 2-1-1 (FM-A) was being used and there was a 

15% increase in user performance as opposed to 2-1-2 (FM-B), it can be seen that FM-A is more 

effective than FM-B.  

Qualitative 

Surveys, questionnaires, and interviews are the most common forms of collecting qualitative 

results, however, for proper procedures, please refer to publications by Christopher Wickens and 

Gavriel Salvendy [72], [75]. Open ended questions can be used to draw ties between different sets 

of quantitative data. Qualitative data can become quantitative by providing surveys with numerical 

scores and rankings. The data from numerical rankings has the potential for further statistical 

analysis to identify significant results. An example question with quantitative applicability would 

be, “On a scale of 1-10, how much did this feedback mechanism make you want to reduce your 
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electricity usage?” This is considered to be correlational research where participant feedback 

provides a basis for making predictions and conclusions that can be later verified.  

Caution is expressed by Christopher Wickens in the areas of validity [71], [72]. Validity can be 

decreased due to interviewer or interviewee bias. To reduce interviewer bias, it is important the 

interviewer record all of the participant responses in their entirety and not try to change meaning. 

Interviewee bias can be reduced with a large number of interviewed participants. Moreover, validity 

can also be decreased with a lack of uniformity in the testing procedure. Ensure that the same 

procedure is used for each participant to increase uniformity and decrease bias. In general, similar 

to when the study was being created, practice of control and reduction of variables should be used 

when developing surveys, questionnaires, and/or interviews. John Shaughnessy claims that 

respondents could provide 100% feedback and perfect responses, but if the questionnaire is formed 

poorly, all of the results are considered useless [72].  

It would also be interesting to question users who were allowed to choose their own FM as to why 

they selected that particular FM. The researcher can pose questions regarding what attracted the 

user to the FM and whether the attractiveness was sustained over a long period of time [22], [21], 

[38]. On another note, preference and effectiveness need to remain independent, as increased 

preference does not always imply increased effectiveness. 

Data Verification/Conclusions 

From the data collected at the various points of the study, it is recommended that statistical analysis 

be performed. This will reduce the likelihood of a researcher committing Type I or Type II errors 

as described by Christopher Wickens and Geoffrey Keppel [76], [77]. It is imperative that the 

researcher deciphers between occurrences based on chance as opposed to occurrences based on 
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reason and/or specific variables by conducting an ANOVA test.  The probability of this test must 

show that the probability for chance is less than 0.05.  

In the end, descriptive statistics and inferential statistics from both quantitative and qualitative data 

regarding the FM effectiveness helps researchers differentiate the FMs. Building off of these 

conclusions, further research can then be conducted more closely related to the more effective FMs. 
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Conclusion 

When addressing a dashboard as a performance feedback display, based on the conducted literature 

review, overall dashboards have proved to be effective in the short term. However, it has been 

identified that there is a need for further research in the area of long term dashboard effectiveness. 

It has also been shown that there is limited understanding as to which Feedback Mechanisms are 

the most effective. Since there is limited research in the area of feedback mechanism effectiveness, 

this results in limited understanding of how to enhance dashboards as a whole and increase their 

effectiveness and influential ability. 

In summary, the question of effectiveness should no longer be directed towards dashboards or KPIs, 

but instead towards FMs. In several documented cases, dashboards have proved effective given the 

access to visibility and knowledge of how to interpret the dashboard. Since the dashboards are a 

collection of KPIs that have different metrics of effectiveness, the KPIs used in these dashboards 

are inherently successful. Conclusively, since there are several FMs that can fulfill the need of a 

KPI, further research is needed in the area of FM selection and implementation to understand 

exactly how dashboards are effective. 
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Limitations and Future Research Directions 

The scope and depth of this thesis was constrained due to a lack of time and funding, however, 

potential testing procedures have been identified. There are multiple doctoral theses that can be 

birthed from this thesis in the fields of psychology, marketing, computer science, engineering, and 

more. Example questions left unanswered include the following: 

 What is a proper testing procedure for the most effective FM for a specific KPI? Multiple 

procedures may be formed since KPIs vary.   

 What keeps dashboards as a utilized tool over long periods of time as opposed to a gadget 

that is used for a brief time? 

 What metrics are more beneficial in causing behavioral change for a specific KPI?  

 How can FMs be implemented to make dashboards more visible thus increasing feedback 

time? 

 What are the best Feedback Mechanisms to implement in consumer dashboards to increase 

their utilization of a specific product? 

 What combinations of FMs work better to fulfill a single KPI? 

 Are marketing dashboards beneficial in a real environment as posed in the model by [23]? 

 Are dashboards more effective when users have perceived control [21]?  

 How does the creation of habitual action associated to dashboard usage increase 

effectiveness in the long term [21]? 
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Appendix A 

 

Appendix Figure 1 – The effects of feedback intervention (FI) – induced attention on task-motivation processes and their 

consequences for performance. (Simply cybernetic processes are marked with wide arrows; putative FI-performance 

effects are illustrated by the boxes at the right-hand side of the figure.) Source: [10] 
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Appendix Figure 2 – The effects of feedback intervention (FI) – induced attention on task-learning processes and their 

consequences for performance. (Putative FI-performance effects are illustrated by the boxes at the right-hand side of the 

figure.) Source: [10] 
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Appendix Figure 3 – The effects of feedback intervention (FI) – induced attention on meta-task processes and their 

consequences for performance. (Simply cybernetic processes are marked with wide arrows; putative FI-performance 

effects are illustrated by the boxes at the right-hand side of the figure.) Source: [10] 



   

   

 


