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Abstract 
 

Education Level and  
A Computer-Based Performance Dashboard Prototype  

For a Major Delivery Company 
 

Liana Michelle Algarín 
 

The two main objectives of this study were to: (1) evaluate the usability of a 

major delivery company computer-based performance dashboard design and (2) 

identify education level differences in user task performance and dashboard 

usability assessments.  Both college educated and non-college educated 

participants were recruited to complete 15 tasks on a dashboard prototype under 

time constraints.  The dashboard was divided among 5 user roles, and 3 tasks 

were assigned for each role.  Participants also completed the VARK (Visual, 

Aural, Reading/writing and Kinesthetic) Questionnaire to identify their learning 

styles and a Computer Experience Categorization tool to categorize them as 

expert, intermediate or novice computer users.  After-task usability 

questionnaires and an open-ended questionnaire were used to acquire usability 

ratings from participants.  This study suggested that college educated 

participants performed better than non-college educated participants on 

dashboard-related tasks.  Expert computer users rated the dashboard as more 

usable than did intermediate computer users. 
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Chapter 1 Introduction 

Background 

From 1992 to 2002, the National Institute for Occupational Safety and Health 

(NIOSH) reported over 8,700 fatalities among US transportation, 

communications, electric, gas and sanitary service industries (NIOSH, 2006).  

The majority of these fatalities resulted from transportation accidents (7,409 

fatalities), contact with objects and equipment (892 fatalities) and falls (427 

fatalities) (NIOSH, 2006, p. 470).  Estimated costs for these fatality groups is 

over $8 billion (NIOSH, 2006).  In order to prevent roadway crashes, NIOSH 

recommends that employers establish safety programs to provide adequate 

training to workers, to teach strategies for recognizing driver distractions and to 

emphasize the importance of safe driving practices on and off the job (NIOSH, 

2004). 

 

Driver training programs are evolving from traditional training methods (i.e., 

lectures, hand-written notes and printed manuals) to redesigned training methods 

(i.e., web-based training (WBT), kinetic learning modules (KLMs) and realistic 

driving courses), as technology advances.  These redesigned training methods 

are becoming commonplace for driver instruction, as well as instruction within 

other disciplines.   

 

Some real-world applications of WBTs have been documented.  For example, 

after transitioning from traditional classroom training to e-learning for health, 
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safety and environmental training, the GoTrain Corporation saved $100,000 in 

overtime payments and achieved a 50% reduction in facility accidents during the 

following two-year period (Harris, 2005).   

 

In order to maintain and manage a new training program, an organization may 

opt to use the latest corporate computer-based performance dashboard 

technology.  Computer-based performance dashboards provide real-time visual 

graphics, such as diagrams and charts, based on the most pertinent information 

as valued by the given organization.  This information could include but is not 

limited to: progress made and predicted forecasts of progress to be made, 

revenue and costs (Marcus, 2006).  As of 2005, roughly 235 executives reported 

using computer-based performance dashboards (Hymowitz, 2005).     

 

Furthermore, there is a broad range of organizational settings in which computer-

based performance dashboards can be used.  For example, Sherbrooke 

University hospital in Canada applied dashboards to its information system in 

both its emergency unit and clinical biochemistry department (Grant et al., 2006).  

Additionally, the Online Computer Library Center, Inc. in Dublin, Ohio utilized a 

dashboard for tracking costs, effectiveness, project schedule and deliverables 

(Tudor & Walter, 2006).    

 

Benefits of incorporating computer-based performance dashboards into an 

organization can be far-reaching.  For example, IKEA, a large furniture retailer, 
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incorporated a dashboard design into their intranet portal.  Originally, there were 

many problems with the intranet portal, which had been created in 1997.  When 

searching for information, IKEA employees spent a great deal of time navigating 

and searching.  At times, employees simply did not know that certain information 

was available to them.  Furthermore, United States and Canadian information 

was confusingly intertwined or duplicated (Gleba & Cavanagh, 2005).  Once the 

dashboard design had been incorporated, IKEA employees benefited from the 

dashboard in a number of ways.  For example, store managers could easily find 

product information, sales and supply reports and customer as well as employee 

satisfaction reports.  Additional information in the dashboard included details of 

advertisements, outreach programs, anniversary announcements and minutes 

from meetings.  Dashboards for United States store managers and the food 

services division were also introduced (Gleba & Cavanagh, 2005).  This example 

of the successful incorporation of a dashboard design into an organization 

illustrates how useful dashboards, in general, can be as a tool for managing large 

volumes of data and for decision-making.     

 

Another example of the benefits of implementing computer-based performance 

dashboards within an organization can be illustrated by the effectiveness of the 

Banker’s Dashboard (Evans, 2005).  Not only is data easily accessible, but 

creating new reports from the data is easy to do.  Branch and department 

managers, as well as cashiers, access the dashboard several times a day and 

view a variety of information, including month-to-month and year-to-year 
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comparisons, account balances and income statements.  Lending officers view 

new loan data, whereas branch administrators and managers view CD maturity 

schedules.  Furthermore, all the Banker’s Dashboard margins and reports allow 

users to drilldown to specific bank accounts (Evans, 2005).  Personalizing the 

data for specific user groups and drilldown capability are two additional benefits 

of implementing a dashboard.   

 

Although the computer-based performance dashboard is meant to be a tool, it 

can become a burden to its users, particularly when there are too many drilldown 

options, or when the navigation routes are unintuitive.  Unfortunately, some 

dashboards have been hastily incorporated into organizations, before the 

dashboards have been completely investigated.   

 

Statement of the Problem  

Within the corporate culture of a major delivery company, a newly redesigned 

training program was established to improve delivery driver skills and abilities.  A 

new computer-based performance dashboard design would be potentially 

incorporated into the new training program as a useful technology for tracking 

trainees’ progress as well as other corporate information.  Several computer-

based performance dashboard design prototypes were created.  However, no 

formative usability evaluation was conducted on any of these prototypes.   

 

Education level of future trainees was another problem, arising from the 
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assumption that the end users of this particular computer-based performance 

dashboard design would not necessarily have the same educational background.  

New employees would be accepted into training regardless of educational 

background; therefore, this study examined two distinct levels of education 

(college and non-college). 

 

Objective of the Study  

The objectives of this study were to: 

(1) evaluate usability of a major delivery company dashboard design; and    

(2) quantify education level differences in dashboard usability assessments.   

 

Hypotheses 

Usability data was evaluated for a delivery driver computer-based performance 

dashboard design.  Objective dependent variables [time to completion within the 

allotted time period and performance frequencies (e.g., correct task response 

versus incorrect task response)] and subjective dependent variables (participant 

comments and usability ratings) were investigated.  The specific hypotheses 

investigated were: 

1. Performance measures and usability ratings will be affected by education 

level (college, non-college). 

2. Task completion time, as indicated by quality scores, will be higher for 

non-college educated users.   

3. Performance measures and usability ratings will be affected by learning 
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styles.   

4. Performance measures and usability ratings will be affected by computer 

experience categories.   

5. Performance measures and usability ratings will be affected by dashboard 

user roles.  (This hypothesis will be investigated only if significant 

differences become evident during initial data analysis.)   

 

Usability data was evaluated for a computer-based performance dashboard 

design.  Although not a specific hypothesis, responses to open-ended questions 

were examined by thematic content analysis, as described by Riffe, Lacy, & Fico 

(1998).   

 

General Outcomes and Benefits of the Study 

Computer-based performance dashboard technology is capable of benefiting a 

wide variety of organizations.  However, dashboards are not always as helpful as 

their creators intended.  If poorly designed, a dashboard can inhibit its users from 

accessing necessary data in a productive manner, which is one reason why 

usability is a factor that should be addressed when developing a dashboard.  

However, few dashboard usability studies currently exist.  The immediate aim of 

this study was to address usability concerns early within the design cycle of a 

dashboard and identify user characteristics that may be possible hindrances to 

effective use of a dashboard.   
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Scope and Limitations of the Study  

The scope of this study was limited to investigating effects of a single computer-

based performance dashboard design on time to completion (within the allotted 

time period), successful completion of tasks, participant perceptions and usability 

ratings.  Other factors associated with the use of dashboards (such as prior 

experience using dashboards and specific work history) were not investigated.  

Personal factors, such as personality type, were not investigated, although 

education level effects were considered.   

 

Because certain sectors, such as the service industry, accept new employees 

into training regardless of educational background, this study examined two 

levels of education (college and non-college).  This study aimed to identify 

usability concerns for both college and non-college educated dashboard users 

with the assumption that the end users of this particular dashboard design would 

fall into either education category.  For example, managers at fast food 

restaurants, grocery stores or retail stores, entry-level employees at telephone 

customer service or telemarketing companies, personal fitness trainers or courier 

and warehousing employees may not necessarily have college degrees in order 

to obtain their employment.  Therefore, findings from this study focused on both 

college and non-college participants, as any given organization will have an 

employee population with a range of educational backgrounds.     
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Chapter 2 Literature Review 

Implications of Education Level 

Entorf, Gollac, & Kramarz (1999) found that computer use and general education 

had a positive relationship with each other, as opposed to vocational or technical 

education.  Particularly, workers with a typical junior high school diploma were 

found to be 1.5 times more likely to use computers than workers with a 

vocational junior high school diploma (Entorf, Gollac, & Kramarz, 1999).      

 

In a study on middle-aged participants (ages 45 – 49 years old and 50 – 54 years 

old) and their computer usage, gender and age group were insignificant factors, 

whereas education was a major factor influencing participants’ use of computers 

(Chou & Hsiao, 2007).  In regard to learning via computers, participants with 

higher education levels had more positive expectations, whereas participants 

with lower education levels paid more attention to their own learning deficiencies 

and capabilities (Chou & Hsiao, 2007).  Also, Schleife (2006) found that 

educational level has a positive and highly significant impact on the likelihood of 

persons using computers at work.  Isman, Yaratan & Caner (2004) found that 

teachers with a PhD are more open to the idea of using the internet to educate 

their students than were teachers with BS, BA or Master’s degrees.   

 

Web-Based Training 

Interest in applying computer technology to training is quickly growing, 

particularly due to the convenience of WBT, which can be accessed anytime and 
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anywhere there is an internet connection (O'Leary, 2004).  However, an initial 

usability concern was raised in a 1993 article, where Reeves (1993) identified a 

group of problems involved with the study of Computer-Based Instruction (CBI).  

First, he defined learner control as a set of CBI design features that allow 

learners to freely choose the nature of their feedback and to freely choose the 

content, rate and path of information that they study.  Then, Reeves (1993) 

identified problems that other researchers had when studying CBI, such as using 

single, 30-minute session treatments to evaluate learner control differences, 

using small sample sizes, inappropriate participants and having high attrition 

rates (Reeves, 1993).   

 

Currently, WBT is applied to a variety of industries.  For example, Titcomb (2006) 

states that maritime training practices are optimal when the training includes a 

combination of classroom activity, on-the-job development and computer-based 

instruction.  Therefore, Maritime Training Services offers both training videos and 

WBT training to the maritime industry (Titcomb, 2006).  Also, within the health 

industry there is a growing necessity for computer literacy, which uses computers 

to complete domain-specific training modules (Stepankova & Engova, 2006).  

Stepankova & Engova (2006) warn that computer technology can be of great 

service but only if applied efficiently.   

 

There are other useful recommendations for WBT development in the literature.  

Raina, Regunath & Gramopadhye (2004) stress the importance of feedback 
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during WBT.  Trainees should demonstrate their newly gained knowledge after a 

selected piece of material has been presented (Raina et al., 2004).   

 

In yet another study, Wallen & Mulloy (2006) created three versions of 

instructional material, labeled TXT (text-only instruction), TAP (text, animation 

and photographs) and NAP (narration, animation and photographs).  Overall, 

younger participants scored better than the older participants, and both age 

groups scored better when taught using the NAP instructional material.  The 

authors recommend using WBTs that incorporate audio narration for workers 

over the age of 45 years (Wallen & Mulloy, 2006).   

 

Academia has been quick to establish WBT in curricula.  Therefore, some 

empirical studies have been conducted on the use of WBT in the classroom, 

although results of these studies provide mixed evidence for the incorporation of 

WBT.  Doherty (2006) found that of 10,446 students, older students 

demonstrated a higher likelihood of completing their web-based courses.  Also, 

there was a significant gender difference of more females passing web-based 

courses than males (Doherty, 2006).  In yet another study, an asynchronous 

computer-based training (CBT) system was designed to help students learn 

about simulation output analysis.  The overall goal was to supplement traditional 

classroom learning with the CBT course.  Thirty university students were divided 

into a control group and an experimental group, while they all completed a 3-

credit-hour simulation introductory course.  The control group studied written 
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material, whereas the experimental group studied using the CBT prototype 

system.  As a result, the experimental group of students exhibited better test 

scores (Yu-Hui, Shin-Ming, & Ya-Hui, 2006).   

 

Tallent-Runnels et al. (2006) conducted a literature review on online teaching 

and learning.  Their findings were that: 

• when learning in an online course, students prefer to move at their own 

pace;   

• online instruction provides autonomy and convenience; and  

• when compared to traditional classroom settings, online learning 

environments can be as effective.  

Therefore, the overall quality of the online course is a factor in student learning 

(Tallent-Runnels et al., 2006).   

 

Learning Effectiveness 

Joy & Garcia (2000) found that effective pedagogical practices are what create 

learning effectiveness, rather than the particular medium with which information 

is conveyed.  This observation is typically overlooked in research studies on 

technology-based courses.  The authors state that study designs on the 

comparison of learning media are not likely to improve, and researchers must not 

assume that students will learn better from more technologically advanced 

learning media.  They pose a question for researchers, "What combination of 

instructional strategies and delivery media will best produce the desired learning 
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outcome for the intended audience?" (Joy & Garcia, 2000, p. 38). 

 

Zapalska & Brozik (2006) studied online learning structures and used Fleming’s 

(2001) four dimensions by which to analyze students’ learning styles: visual (V), 

aural (A), reading/writing (R) and kinesthetic (K).  The VARK questionnaire 

(Appendix A) utilizes the four dimensions to assist teachers with identifying 

students’ learning styles.  Most people are tri-modal, which means that they 

prefer learning by three of the four dimensions.  Therefore, it is recommended 

that instructors combine the four dimensions in order to provide students with the 

most benefit.  Also, course instructors should provide a locus of control to 

students when creating an online learning structure, which means that various 

means of navigation should be available and that material should be accessible 

via several routes.  Collaboration and group assignments were recommended, as 

well as visualization via videos (Zapalska & Brozik, 2006).   

 

Learning Management Systems 

Since the late 1990s, the Learning Management System (LMS) has gained 

increasing popularity among various organizations as an effective learning tool.  

For example, Toyota USA, FedEx Kinko’s, Deloitte Consulting, Proctor & 

Gamble, Cisco Systems and CEM Corporation are a few of many organizations 

currently utilizing LMSs (Davenport, 2006; Grace & Butler, 2005; Sussman, 

2005).  LMSs can also be applied at the community level, such as promoting 

university education (Ohta et al., 2005).   
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More specifically, the LMS is a learning tool that can be applied to employee 

compliance-related courses in various topics, including defensive driving, code of 

conduct or corporate information security awareness (Sussman, 2005).  LMSs 

are necessary to determine whether the most appropriate training is being given 

to the most appropriate people (Sussman, 2005).    

 

LMSs play multiple roles, such as: supporting both the trainer and trainee, 

monitoring and analyzing an organization’s learning environment and learning 

progress, planning the training process, implementing training, evaluating each 

individual trainee’s performance, maintaining learning after the initial training 

process and identifying areas in the learning system where change is needed 

(Grace & Butler, 2005).  Typically, LMSs are displayed electronically, preferably 

in a web-based interface.  Using a web-based interface facilitates a large number 

of students, including students of sign language.  In this case, an LMS helps 

teachers create and adapt the appropriate instructional content (i.e. sign 

language videos), and provide deaf students with vast user interaction options 

(Drigas, Aros, & Kouremenos, 2005).   

 

Scorecards and Computer-Based Performance Dashboards 

Two tools that can be incorporated in a Learning Management System (LMS) are 

the scorecard and computer-based performance dashboard.  Based on the fact 

that a given organization must consider an overwhelming number of criteria when 

evaluating its overall performance, the scorecard translates the organization’s 
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goals and vision into performance measures that are more accessible to 

decision-makers (Birkholzer, Dickmann, Vaupel, & Dantas, 2005).  Scorecards 

help track the success of business strategies by breaking them down into 

separate tasks and appropriate measures for each separate task, as well as 

depicting the cause-and-effect relationships between the tasks and measures 

(Birkholzer et al., 2005).  It is not necessary to expend much effort into reading 

detailed information, because scorecards visually display the information in a 

simplified format (Birkholzer et al., 2005).   

 

Whereas a scorecard is a table or chart, a computer-based performance 

dashboard provides a more interactive and colorful way to display the same 

information.  While the scorecard and dashboard represent the same information, 

a scorecard is a chart with numbers, whereas a dashboard depicts a variety of 

imagery, such as color coding or pie charts.   

 

A dashboard is a decision-making tool equipped with a set of windows 

representing various data retrieval options, which can be displayed as tables or 

graphs (Grant et al., 2006).  Three defining traits for any given dashboard are 

that it is dynamic, accessible and intuitive (Grant et al., 2006).  Dashboards can 

be used in a variety of settings.  For example, Sherbrooke University Hospital in 

Canada applied dashboards to its information system in both its emergency unit 

and clinical biochemistry department (Grant et al., 2006).  Additionally, the Online 

Computer Library Center, Inc. in Dublin, Ohio utilized a dashboard for tracking 
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costs, effectiveness, project schedule and deliverables (Tudor & Walter, 2006).   

 

Dashboard Development Implications 

Hammer (2007) claims that hundreds of managers with whom he has spoken 

admit that performance measurement tools, such as computer-based 

performance dashboards, measure the wrong data or too much or too little data.  

According to Hammer, seven common mistakes occur in the development of 

performance measurement tools.  Shown in Table 1, these are mistakes that 

occur during the design process and can be identified and corrected by adequate 

formative evaluation (Hammer, 2007). 
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Table 1. Hammer’s seven common mistakes.   

Mistake Description 
Vanity creating metrics that falsely boost the numbers (Hammer, 2007) 

 
 

Provincialism having too narrow of a focus (Hammer, 2007) 
 
 

Narcissism emphasizing one’s own point of view and ignoring metrics that could 
emphasize the clients’ points of view (Hammer, 2007) 
 

Laziness refusal to re-evaluate the importance of a metric or to simply measure 
what has been measured in the past (Hammer, 2007) 
 

Pettiness focusing on minor, less important metrics (Hammer, 2007) 
 
 

Inanity identifying metrics that ultimately lead to problematic organizational 
behavior (Hammer, 2007) 
 

Frivolity failure to design a tool to track the root causes of problems (Hammer, 
2007) 
 

 

 

Characteristics of a robust performance management tool have also been 

identified (Kay, 2006).  The tool should integrate data into one single source for 

its users.  Also, designers of the tool should allow room for flexibility of data so 

that current trends do not predict the long-term metrics that are used within the 

tool.  Overall presentation of the data measurements should promote 

accessibility to the users.  Users should be capable of accessing information that 

is outside of their domain but within the organization; in other words, users in one 

department should not spend time searching for information that they already 

know exists for users in another department.  Timeliness of when the tool is 

updated should correlate with the timeliness of when users need to look at the 
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data.  Emphasis of less important data is appropriate when that data can be used 

for strategic decisions.  The performance management tool will be most effective 

if it pervades the organization at all levels, from executive to entry-level 

employees (Kay, 2006).    

  

There is no standard design for a given computer-based performance 

dashboard.  Because dashboards are typically designed for the sole use of only 

one corporation, a great variety of characteristics among dashboards is possible, 

and there are no formal guidelines in place for dashboard development.  General 

principles from usability and Human-Computer Interaction can be applied to 

dashboards, at the discretion of their creators; however, there is no specific 

recommendation applicable to all varieties of dashboards that are commercially 

available.   

 

Website design guidelines are perhaps the closest approximation for computer-

based performance dashboard guidelines.  For example, a website user should 

always know where s/he currently is within a given website (Hartson, 2006, p. 

208).  Links should clearly indicate where they will lead the website user 

(Hartson, 2006, p. 211).  Selectable items should appear selectable (Hartson, 

2006, p. 215).  Fonts, color and layout design should improve readability 

(Hartson, 2006, p. 217).   

 

Moreover, dashboards are unique from the more formally developed notification 
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systems, as identified in the field of Human-Computer Interaction.  A notification 

system interrupts its user, who must then react and comprehend the new 

information with which s/he is presented (McCrickard, Catrambone, Stasko, & 

Chewar, 2003; McCrickard, Czerwinski, & Bartram, 2003).  In contrast, 

dashboards are intended to run in the background, allowing users to choose 

when and how they display information.   

    

Summary 

Education level seems to be a factor in the likelihood of trainees to excel when 

using computer technology in their respective training programs.  However, 

education may or may not be a factor in the success of trainees when using a 

computer-based dashboard.  LMSs, scorecards and dashboards are meant to be 

tools that help maintain data, identify trends, predict outcomes and strategize, but 

there exist very few empirical studies regarding the usability of a dashboard.   

 

Usability relates to how easily a user is able to use a system or tool, how easy it 

is for the user to effectively and efficiently achieve goals with the system or tool 

and how satisfied the user feels while using the system or tool (Hartson, 2006; 

ISO, 1998).  Usability is an important part of any given work system (ISO, 1998).  

In regard to how educated a user is, education level may either positively or 

negatively affect the usability that a user perceives.   
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Chapter 3 Methods 

Experimental Design 

A between-subject experimental design was used to test for the effects of 

education level on usability ratings, task completion time, quality of task 

completion, learning style and computer experience associated with completing 

tasks with a prototype computer-based performance dashboard.  A balanced 

Latin squares design was used to determine order of exposure to the dashboard 

home pages.  Figure 1 depicts the organization of findings for this study.     

  

Correct 
Responses

Usability 
Composite 

Score

Task 
Completion 

Time

Quality 
Score

Learning 
Style

Computer 
Experience 
Category

Dashboard 
User Role

Education 
Level

 

Figure 1. Influence diagram.   
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Dashboard Prototype 

A computer-based performance dashboard prototype for a major package 

delivery company was developed by senior engineering students within the 

Industrial and Systems Engineering department at Virginia Tech.  The senior 

engineering students had never previously evaluated dashboards, and they 

learned about LMSs, scorecards and dashboards, while they were designing the 

prototype that was used in this study.   

 

Furthermore, the senior engineering students learned about role-sets from Social 

Theory, which are the “complement of role relationships which persons have by 

virtue of occupying a particular social status” (Merton, 1968, p. 423).  For 

example, a manager at a major delivery company not only has a managerial role 

in relation to his/her subordinates, but also other roles relating to other 

managers, employees in Human Resources, delivery driver trainees and their 

facilitators (Merton, 1968).  Within Organization Theory, the role-set is a factor 

that mediates the relations between a focal organization (the main organization 

of interest), and its organization-set (the “network of organizations in its 

environment”) (Evan, 1976, p. 122).     

 

After identifying role-sets, role-performance can be identified, and thus feedback 

can be given to an occupant of a given role, regarding his/her behavior within the 

role (Merton, 1968).  Any conflicts in role-performance that arise from other 

organizations in the organization-set can be mediated by the focal organization 
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(Evan, 1976).   

 

Roles are analyzed during Macroergonomic Analysis and Design (MEAD) of a 

work system process (Hendrick & Kleiner, 2001).  For this study, five roles were 

identified within the work system of the major delivery company: Facilitator, DD 

(Delivery Driver), Human Resources, District Manager and Regional Manager.  A 

portion of the dashboard was designated to each of the five employee user roles.  

Figure 2, Figure 3, Figure 4, Figure 5 and Figure 6 show the “home page” for 

each user role portion.   

 

 

Figure 2. Facilitator home screen of the dashboard. 
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Figure 3. DD home screen of the dashboard. 

 

  

Figure 4. Human Resources home screen of the dashboard. 
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Figure 5. District Manager home screen of the dashboard. 

 

 

Figure 6. Regional Manager home screen of the dashboard. 
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Independent Variables 

Overall, three independent variables were studied: dashboard user role (5 

levels), education level (2 levels) and task number (3 levels).  During the 

experimental design stage, VARK learning style (4 levels) and computer 

experience level (3 levels) were identified as variables that could provide further 

information about the study participants and as cost-effective variables that could 

be easily incorporated into the data analysis.   

 

Dashboard User Role 

As mentioned earlier, there were five dashboard user roles: Facilitator, DD, 

Human Resources, District Manager and Regional Manager.  Facilitators were 

employees of the major delivery company, who taught and assisted DDs in 

training.  DDs delivered goods to the company’s clients.  Human Resources was 

the group of individuals that would make hiring/firing decisions based upon the 

company’s goals.  The District Managers oversaw a few locations, such as the 

Metro DC District, whereas the Regional Managers oversaw many districts, such 

as the East Central Region, which consisted of the Metro DC District, the Central 

Pennsylvania District, the states of New York and Virginia and other districts.      

 

Education Level 

Participants were classified as “college” or “non-college” participants.  College 

participants were classified as having, or currently obtaining, a 4-year university 

education.  Non-college participants were classified as having, or currently 
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obtaining, a high school diploma or GED (General Educational Development) 

and not having a 4-year university education.  Participants having or currently 

obtaining a community college, trade or vocational school degree or certification 

(Certificate, Associates Degree) were excluded in order to avoid confusion 

between the two separate categories of “college” and “non-college” and to avoid 

incorrect categorization of participants.    

 

VARK Questionnaire 

The VARK questionnaire was used to investigate the effects of learning style on 

usability ratings (Appendix A).  As of February 2009, statistical analysis of the 

VARK questionnaire’s reliability and validity were ongoing (Fleming, 2009).  

According to Fleming (2009), “The multiple answers for each question make 

statistical analysis very difficult.”  Reliability of the VARK questionnaire was not 

tested with the same group of participants over a long period of time (Fleming, 

2009).  Since its creation, the VARK questionnaire was typically completed by 

students and teachers; therefore, its results may not represent non-college 

educated participants (Fleming, 2009).   

 

As shown in Table 2, very strong, strong and mild preferences are possible for 

each of the four VARK learning styles: visual (V), aural (A), reading/writing (R) 

and kinesthetic (K).  A weak preference for a mode may be indicated by a score 

less than two (Zapalska & Brozik, 2006).   
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Table 2. VARK perception mode diagnostic tool.  

 
 
 

TOTAL 
NUMBER OF 
RESPONSES 

VERY STRONG 
PREFERENCE 

INDICATED BY A 
SCORE THAT 
EXCEEDS ANY 

OTHER BY 

STRONG 
PREFERENCE 

INDICATED BY A 
SCORE THAT 
EXCEEDS ANY 

OTHER BY 

MILD  
PREFERENCE  

INDICATED BY A  
SCORE THAT  
EXCEEDS ANY  

OTHER BY 
UP TO 16 4 + 3 2 
17 – 22 5 + 4 3 
22 – 30 6 + 5 4 

31 + 7 + 6 5 
 

Further, not any single perception mode is necessarily dominant, and some 

individuals may be bi-modal, tri-modal or multi-modal.  Therefore, a preference 

for each (or all) of the four styles can possibly be obtained.  Bi/tri/multi-modal 

preferences were summarized in accordance with the author’s recommendation 

(Fleming, 2001).  However, for purposes of this study with 37 participants, only 

the four main learning styles were identified as independent variables (V, A, R 

and K).  The VARK Questionnaire was administered using an online survey after 

completion of the Demographic Information Survey and is shown in Appendix A.   

 

Computer Experience Categorization Tool 

A global classification scheme was created for classifying computer experience 

into three categories: novice, intermediate and expert.  This scheme was 

developed using an example by Durak (2003), and the method was suggested by 

Nielson (1993).  Table 3 identifies the criteria for classifying computer 

experience.  The Computer Experience Categorization Tool was administered 

using an online survey, after completion of the VARK questionnaire, and is 
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shown in Appendix B.   

Table 3. Computer experience classification criteria.  

Novice The total “yes” answers are less than 5 (for questions 1 through 
14), and the answer to question 15 is either “a” or “b”. 
 

Intermediate The total “yes” answers are equal to 5 or less than 11 (for 
questions from 1 through 14), and the answer to question 15 is 
either “b” or “c”. 
 

Expert The total amount of “yes” answers are equal to or more than 11 
(for questions form 1 to 14), and the answer to question 15 is “c”. 
 

 

Dependent Variables  

Two dependent variables were collected: performance (an objective measure) 

and usability ratings of the dashboard (a subjective measure).  Performance was 

further classified as task completion time and quality.    

 

Performance 

This study involved completion of fifteen tasks and completion of usability 

questionnaires, which are described below.  Performance metrics for the 

completion of 15 tasks associated with the dashboard were collected including:  

time to completion, percent correct/incorrect and quality of completion.  

Performance measures were compared across participant groups.            

 

Tasks consisted of reading questions and finding the answers by using the 

dashboard.  Each participant was provided with pencil and paper.  For each task, 
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a question would be shown to the participant, one question at a time.  Once the 

participant indicated that s/he had completed reading the current question and 

was ready to begin, the researcher would begin timing the participant.  Task 

completion time was defined as the time between when a participant completed 

reading the task description and when the participant completed writing the 

answer on paper.  Task completion time was recorded in seconds to the nearest 

one-hundredth second with a handheld stopwatch.   

 

Percent correct/incorrect was the percent of questions that a participant 

answered correctly/incorrectly per task.  Responses to questions were assessed 

as correct or incorrect following the completion of the test session.  No feedback 

was provided to the participant during testing. 

 

The total task completion time allotted was limited to 3 minutes, or 180 seconds.  

Participants were not permitted to continue working on a given task past 180 

seconds, in order to allow participants ample time to complete each task while 

minimizing frustration levels.     

 

Time data was recorded alongside a notation of “timeout”, “forfeit”, “0” or “1”.  

The zero indicated that the task was completed incorrectly, whereas the one 

indicated that the task was completed correctly.  “Forfeit” indicated that a 

participant had time to complete a given task but had stated that s/he no longer 

wished to continue working on the task.  As frustration was not a variable of 
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interest, the participants were allowed the option to forfeit, or give up, at their 

discretion.   

Task completion quality was defined as follows.  First, the “Time2” column was 

created, using the formula:  

180 - Time 

 

Second, the “Correct2” column was created, indicating a zero value for any task 

that either had not been completed due to timeout or forfeit or had not been 

completed correctly.  A value of one was indicated for any task that had been 

completed correctly.    

If = 1, then 1 

If ≠ 1, then 0 

 

Third, the “Quality” column was created, using the formula:  

Time2 * Correct2 

 

In conclusion, the task completion quality values listed in the “Quality” column 

equal [(180 – Time) * (1 or 0)] and range from zero to 180 with 180 being the 

highest quality value possible for each participant for each task.  Furthermore, 

the Time data values also range from zero to 180, although zero would not be an 

actual data value, because it would be impossible for a participant to spend zero 

seconds on task completion.   
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Usability Questionnaires 

Two usability questionnaires were incorporated into this study: an after-task 

questionnaire and an open-ended (post session) questionnaire.  The 

questionnaires were used to assess user perceptions of the dashboard 

prototype.  Usability ratings were compared across participant groups.   

 

Usability Dimensions 

Several usability dimensions were considered for this study (ISO, 1998; Koohang 

& Ondracek, 2005; Nielson, 1993; Siau, 2003).  The International Organization 

for Standardization (ISO) 9241-11 usability standard only identified three usability 

dimensions: effectiveness, efficiency and satisfaction.  Collectively, Koohang & 

Ondracek (2005), Nielson (1993) and Siau (2003) identified several usability 

dimensions.  The descriptions of the usability dimensions provided by Koohang & 

Ondracek (2005), Nielson (1993) and Siau (2003) provide more information on 

usability than ISO 9241-11 alone (ISO, 1998).   

 

Usability dimensions were selected to aid interpretation of the questionnaire 

responses from participants.  Table 4 provides a listing of the dimensions 

included in this study, the definition of the dimension (as it relates to this study), 

and the questions/questionnaire type that addressed each dimension.   
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Table 4. Usability dimensions, definitions and questionnaire relationship.  

Usability 
Dimension 

Definition Usability Question 

Memorability after a period of inactivity, casual 
users should be able to remember 
and not have to learn again how to 
use the dashboard (Nielson, 1993) 

Open-ended Questions 

Satisfaction users should have a subjective, 
pleasant experience when using the 
dashboard (Nielson, 1993) 

Likert-type Questions 1 and 
2, Open-ended Questions 

Efficiency the dashboard should allow users to 
be highly productive when using the 
dashboard (Nielson, 1993) 

Likert-type Questions 3 and 
5, Open-ended Questions 

Errors users should make few errors or be 
able to easily recover from errors 
when using the dashboard (Nielson, 
1993) 

Likert-type Question 4,    
Open-ended Questions 

Learnability users should be able to use the 
dashboard during their first attempt 
and spend only a minimal amount of 
time learning to use the dashboard    
(Nielson, 1993) 

Likert-type Question 6,    
Open-ended Questions 

Control the dashboard interface allows users 
to feel that they are the authorities of 
the way the dashboard displays 
specific information to them (Siau, 
2003) 

Likert-type Question 7,    
Open-ended Questions 

Navigability the users’ ability to move around 
freely and without trouble throughout 
the dashboard (Koohang & 
Ondracek, 2005) 

Likert-type Question 8,    
Open-ended Questions 

Visual Clarity information displayed on the 
dashboard should be unambiguous, 
well organized, clear and easy to 
read (Siau, 2003) 

Open-ended Questions 

 

Likert-type Questions within the After-task Questionnaire 

The After-task questionnaire (Appendix C) for this study consisted of a 

combination of eight Likert-type question items from three previously established, 

short questionnaires: After-Scenario Questionnaire (ASQ) (Lewis, 1991), 

Perceived Ease of Use questionnaire (Sauro & Kindlund, 2005) and Post-Task 

 31



 

Satisfaction (van Schaik & Ling, 2007).   

 

Because the items included in this study’s usability questionnaire were from 

previously established short questionnaires, they were not changed or edited in 

any manner other than to address tasks completed with a dashboard.  The eight 

Likert-type question items are listed below.   

 

Post-Task Satisfaction items that were incorporated were as follows (Sauro & 

Kindlund, 2005, p. 406).  

1. How would you describe how difficult or easy it was to complete this task?  

(1) Very Difficult                (2)               (3)               (4)               (5) Very Easy 

2. How satisfied were you with using this application to compete this task? 

(1) Very Unsatisfied             (2)             (3)             (4)            (5) Very Satisfied 

3. How would you rate the amount of time it took to complete this task?  

(1) Too Much Time             (2)             (3)            (4)            (5) Very Little Time 

 

Two items from the After-Scenario Questionnaire (ASQ) were incorporated 

(Lewis, 1991, p. 79). 

4. Overall, I am satisfied with the ease of completing the task in this scenario.  

(1) Strongly Agree      (2)      (3)      (4)      (5)      (6)      (7) Strongly Disagree 

5. Overall, I am satisfied with the amount of time it took to complete the task in 

this scenario.   

(1) Strongly Agree      (2)      (3)      (4)      (5)      (6)      (7) Strongly Disagree 
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Perceived Ease of Use questionnaire items were also incorporated (van Schaik & 

Ling, 2007, p. 32).     

6. Learning to use this dashboard was easy. 

(1) Strongly Agree      (2)      (3)      (4)      (5)      (6)      (7) Strongly Disagree 

7. Becoming skillful at using the dashboard was easy.   

(1) Strongly Agree      (2)      (3)      (4)      (5)      (6)      (7) Strongly Disagree 

8. The dashboard was easy to navigate.   

(1) Strongly Agree      (2)      (3)      (4)      (5)      (6)      (7) Strongly Disagree 

 

Open-ended Questions within the After-task Questionnaire 

The After-task Questionnaire also included two open-ended questions to further 

identify areas for improvement (Appendix C):  

9. What did you like most about the dashboard? 

10. What would you like to change about the dashboard?   

 

Open-ended Questions within the Open-ended Questionnaire 

An Open-ended Questionnaire (Appendix D) was also completed by the 

participants following the completion of all tasks.  Open-ended questions, as 

identified by Siau (2003, pp. 24-26) to be “theoretically sound and practically 

workable”, were incorporated into this study.  The purpose of these questions 

was to identify possible differences between college and non-college participants’ 

opinions about the dashboard prototype and to identify suggestions for 

 33



 

improvement of the dashboard.  These questions were:  

1. From your point of view, what were the worst aspects of this dashboard?  

Why? 

2. What aspects of this dashboard did you find confusing, difficult to 

understand, illogical or simply irritating?  

3. What were the most common mistakes you made while using this 

dashboard?  Can you attribute them to any particular factors? 

4. From your point of view, what were the best aspects of this dashboard?  

Why? 

5. What changes to this dashboard would you suggest to make it better from 

your point of view? 

 

Additional questions in the Open-ended Questionnaire were developed to 

address the specific research questions of this study.  These included:     

6. What in your educational background prepared you for using the 

dashboard today? 

7. What in your employment background prepared you for using the 

dashboard today? 

8. What previous vocational training have you had that prepared you for 

using the dashboard today?  

 

Participants 

Initially, Cohen’s Sample Size Table 7.4.6 was used to predict that sample size N 
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= 31 would be required for obtaining values α = 0.05, u = 2, effect size w = 0.5 

and power level = 0.8 (Cohen, 1988, p. 258).  Thirty-seven participants (23 

college and 14 non-college) completed the study protocols.  The average age 

was 27.67 years (SD = 12.25), with a minimum age of 18 years and maximum 

age of 59 years (Table 6).  Appendix E lists participant number assignments.  

Demographic information (i.e., gender, ethnicity) was also collected via a 

questionnaire (Appendix F). 

 

Participants were recruited from the Virginia Tech campus using email, the 

SONA system (an on-campus database for students to look up and register for 

studies in which to participate), the university Event Calendar and university 

Campus Notices.  Additional participants were recruited off campus by flyers and 

newspaper advertisements.  Participants were excluded, if they had ever worked 

for or received training from any package delivery company.     
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Table 5. Participants’ demographic information.  

 College 
Educated 

Non-College 
Educated 

Total 23 14 
Have acquired or completing 
high school diploma or GED 0 14 
Have acquired or completing 
Baccalaureate (BS, BA, etc.) 20 0 
Have acquired or completing 
Masters Degree (MA, MS, etc.) 2 0 
Have acquired or completing 
Doctoral Degree (PhD, etc.) 1 0 
Male 13 5 
Female 10 9 

Age Range 
18-35 

(M = 20.83,  
SD = 3.45) 

18-59 
(M = 38.93,  
SD = 13.27) 

African American 1 0 
Asian/Pacific Islander 7 0 
Caucasian (White) 15 14 

 

 

A literature review did not yield many empirical studies supporting matching pairs 

based on age when examining the role of level of education.  Although age may 

potentially play a role in participants’ performance on the dashboard tasks, 

participants were not matched in pairs corresponding to age.  During the short 

amount of time allotted for data collection for this study, matching pairs according 

to age was not feasible.  Furthermore, there would likely be a diversity of ages 

within any given training program for delivery drivers, who make up the 

population of employees at a given package delivery company.     

 

Facilities & Equipment  

All research for this study was conducted at the Macroergonomics and Group 
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Decision Systems Laboratory in Whittemore Hall on the Virginia Tech campus in 

Blacksburg, Virginia.  The computer-based performance dashboard prototype 

was viewed via the Mozilla Firefox Version 2.0.0.7 internet browser on a Dell 

Latitude D810 Pentium M laptop, equipped with Microsoft Windows XP 

Professional.  All the questionnaires were completed via an online survey tool 

provided by Virginia Tech at www.survey.vt.edu on a Sony Vaio PCG-V505BCP 

Pentium 4 laptop, equipped with Microsoft Windows XP Professional Version 

2002.  Answers to task questions were written with pencil and paper.       

 

Procedure 

Prior to any data collection, participants received a verbal and written description 

of the project, overall objectives, the procedures used, and complete informed 

consent documents approved by the Institutional Review Board for research 

involving human participants (Appendix H).  The demographic questionnaire was 

completed (Appendix F) as well as the VARK Questionnaire (Appendix A) and 

the Computer Experience Categorization Tool (Appendix B).  Once inclusion into 

the experiment was determined, participants completed 15 tasks with the 

computer-based performance dashboard prototype (Appendix G).  After 

completion of each task, participants completed the After-task Questionnaire 

(Appendix C).  After completion of all 15 tasks, participants completed the Open-

ended Questionnaire (Appendix D).   

 

For their participation, participants were compensated $10 per hour (or 1 extra 
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credit point for class per hour) at the end of their respective sessions.  The 

choice in compensation type was available because students, who were 

recruited via the SONA system (an on-campus database for students to look up 

and register for studies in which to participate) were previously guaranteed 1 

extra credit point per hour of research participation.  For fairness, anyone else 

who participates in any research must be compensated in some other way; in 

this case, the researcher chose a nominal amount of $10 per hour.   

 

Task Description 

Participants completed 15 tasks using the dashboard prototype.  Upon arrival at 

the laboratory, participants received the following information verbally:   

• This is a dashboard prototype. 
• This dashboard prototype was designed by a senior student design team. 
• This dashboard prototype was designed for major delivery company 

corporate employees and trainees.   
• This dashboard prototype was designed for five user roles.  

1. Human Resources 
2. DD 
3. Facilitator 
4. District Manager 
5. Regional Manager   

• The search fields are not functional, and you cannot type into them.   
• However, you may click on the links nearby the search fields in order to 

access further information.  
• Sometimes, re-clicking the screen will refresh the screen, much like 

clicking the “back” button. 
• The time for completing each task is limited and may time out.  Therefore, 

there is no need to worry about feeling frustrated or spending a great deal 
of time on any given task.  Once the task times out, you can stop and 
move on to the next task. 

 

Below are screenshot images of the computer-based performance dashboard 
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along with fifteen task questions and answers that are stated within the text and 

highlighted pink on the screenshot image (Figure 7, Figure 8, Figure 9, Figure 10, 

Figure 11, Figure 12, Figure 13, Figure 14, Figure 15, Figure 16, Figure 17, 

Figure 18 and Figure 19).  Each of the fifteen tasks is labeled with abbreviations 

for each of the five employee user roles and a number from 1 through 3.  The 

abbreviations are F (Facilitator), DD (Delivery Driver), HR (Human Resources), 

RM (Regional Manager) and DM (District Manager).        

 



 

F1. Overall, in which aspect of the training program are new employees doing the best?  Driver Drill, S&V or EXPLORE 

(Both have 5 incorrect responses on Aggregate Scores.)     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Facilitator task 1.
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F2. During the week, when did new employees do better in Driving Experience training?  Day 1 (8 incorrect responses 

versus 10 on Day 2).    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Facilitator task 2. 
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F3. Which trainees performed poorly in Package Handling training?  DD Candidates 3, 7, 9 and 11.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Facilitator task 3. 
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DD1. What is the training aspect in which you are doing the best?  EXPLORE (100%).     

DD2. According to the company, what is the minimum score that you should obtain for any given test or assignment?  

90%.

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Delivery Driver tasks 1 and 2. 
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DD3. When learning to use the DIAD, on which day did you do the worst?  Day 2 (82%).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Delivery Driver task 3. 
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HR1. Where does the lowest rate of turnover occur?  Central Penn. 

HR2. At what point in the training program do new employees most often leave or quit their jobs?  During the Workshop 

stage.   

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Human Resources tasks 1 and 2. 
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HR3. How far is Joey Candidate in his training program?  Post Workshop Stage.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Human Resources task 3. 
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DM1. In the second week of March, how many deliveries were skipped?  1/1432 packages were missed for the week of 

March 10th.     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. District Manager task 1. 
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DM2. In the Metro DC area, how many new employees have finished their entire training program?  8 have completed the 

post-workshop phase. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. District Manager task 2. 
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DM3. How can you contact Jon Doe?  By email (johndoe@hnd.com). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. District Manager task 3. 
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RM1. You are reviewing information for the Metro D.C. area during the first quarter.  You wonder which month in this 

quarter had the worst rating for employees leaving or quitting their jobs.  The worst month is <BLANK>.  February.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Regional Manager task 1. 
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RM2. What are the two basic reasons for why employees are leaving or quitting their jobs?  Personal decisions and work 

decisions.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Regional Manager task 2. 
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RM3. What are the 3-letter stock exchange abbreviations for the three companies that are currently being tracked?  HND, 

FOX and CNW.

 

 

Figure 19. Regional Manager task 3. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Statistical Data Analysis 

Descriptive statistics (i.e. means, standard deviations) were calculated for each 

dependent variable as appropriate.  Prior to subsequent analyses, the Shapiro-

Wilks’ normality test was performed to identify whether assumptions were 

supported, in regard to whether the data fit a normal distribution.  Open-ended 

questionnaire data was analyzed qualitatively with thematic content analysis, and 

trends in responses were noted (Appendix D).  For this study, alpha error level 

was set at 0.05.   

 

Hypotheses 1a & 1b: Education Level 

To examine hypothesis 1a, 15 chi-square analyses were conducted.  To examine 

hypothesis 1b, the scores from the eight Likert-type questions were averaged to 

create one composite usability score per task, as described below.  Also for 

hypothesis 1b, 15 instances of analysis of variance (ANOVA) (per each of the 

fifteen tasks: F1, F2, F3, DD1, DD2, DD3, HR1, HR2, HR3, DM1, DM2, DM3, 

RM1, RM2 and RM3) were conducted to examine the effect of education level 

(college vs. non-college) on usability composite scores (1 through 7).     

 

Data analysis of the eight-item rating of usability (the Likert-type After-task 

Questionnaire) involved one usability dimension composite score, which was an 

average score of the eight usability dimension scores.  For each of the usability 

dimensions, estimates of internal consistency, as measured by Cronbach’s 

alpha, all exceeded 0.70.  In order to create the composite score, changes were 
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made to the raw score number values (Appendix C).  For the first three items, 

scores were adjusted from a range of 1.0 through 5.0 to a range of 1.4 through 

7.0, and the scores became 1.4, 2.8, 4.2, 5.6 and 7.0.  For the fourth through 

eighth items, scores were reversed from a range of 1.0 through 7.0 to a range of 

7.0 through 1.0.  Therefore, the highest value (7.0) indicated adequate usability, 

whereas the lowest value (1.0) indicated inadequate usability.      

 

Hypothesis 2: Quality Scores 

To examine hypothesis 2, quality scores were created using this formula: ((180 - 

time for task) * (1 = correct or 0 = incorrect)).  Fifteen ANOVAs (per each of the 

fifteen tasks: F1, F2, F3, DD1, DD2, DD3, HR1, HR2, HR3, DM1, DM2, DM3, 

RM1, RM2 and RM3) were conducted to examine the effect of education level 

(college vs. non-college) on quality scores (0 through 180).    

 

While participants completed each of the 15 tasks, data was recorded, indicating 

time data (in seconds) for successful completion of each task, timeouts and 

forfeitures.  When a participant forfeited from completing a task, s/he gave up 

and refused to make any further attempt at task completion, or s/he skipped the 

task due to not knowing how to answer the question.  Because forfeiture times 

were not a true measure of time to task completion, additional steps were taken 

to analyze time data for forfeiture responses.   
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Hypotheses 3a & 3b: VARK Learning Styles 

For purposes of data analysis, the most highly scored learning style (V, A, R or 

K) was identified as the score by which to analyze learning style.  Each 

participant’s learning style was calculated by summing the VARK scores across 

the 13 items within the VARK questionnaire.  Participants with the highest score 

on each of the VARK learning styles were categorized into that particular learning 

style.  Although there were 11 unique independent variables (V, Mild R, Strong 

R, Very Strong R, Mild K, RK, VAR, VAK, VRK, ARK and VARK), analyzing all 11 

of them would have yielded meaningless results for a sample size of 37 

participants.   

 

To examine hypothesis 3a, fifteen chi-square analyses were conducted.  To 

examine hypothesis 3b, the scores from the eight Likert-type questions were 

averaged to create one usability composite score per task, as previously 

described.  Fifteen ANOVAs (per each of the fifteen tasks: F1, F2, F3, DD1, DD2, 

DD3, HR1, HR2, HR3, DM1, DM2, DM3, RM1, RM2 and RM3) were conducted 

to examine the effect of learning style (V, A, R or K) on usability composite score 

(1.0 through 7.0).   

 

Hypothesis 4: Computer Experience Categories 

To examine hypothesis 4, the scores from the eight Likert-type questions were 

averaged to create one usability composite score per task, as previously 

described.  Fifteen ANOVAs (per each of the fifteen tasks: F1, F2, F3, DD1, DD2, 
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DD3, HR1, HR2, HR3, DM1, DM2, DM3, RM1, RM2 and RM3) were conducted 

to examine the effect of computer experience (novice, intermediate or expert) on 

usability composite score (1.0 through 7.0).     

 

Hypotheses 5a-d: Dashboard User Roles 

To examine hypothesis 5a, fifteen chi-square analyses were conducted.  To 

examine hypotheses 5b, 5c and 5d, a two-factor Analysis of Variance (ANOVA) 

was conducted, homogeneity of variance was tested by Levene's test of equality 

of variance, and Scheffé's test was used to compare means.   

 

Open-ended Questions 

Responses to open-ended questions were examined by thematic content 

analysis (Riffe et al., 1998).   
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Chapter 4 Results 

Hypotheses 1a & 1b: Education Level 

Hypothesis 1a 

Education level was found to be significant for task F1, χ2 (1) = 5.89, p = 0.015, 

which indicated that college-educated participants performed better than non-

college participants on task F1.       

 

Table 6. Chi-square values on education level and correct responses.  

      
Correct Responses χ2 p Correct 

Responses 
χ2 p 

F1 (Facilitator Task 1)* 5.89 0.015 DM1 (District 
Manager Task 1) 

0.02 0.898 

F2 (Facilitator Task 2) 1.02 0.314 DM2 (District 
Manager Task 2) 

0.98 0.321 

F3 (Facilitator Task 3) 0.15 0.699 DM3 (District 
Manager Task 3) 

3.05 0.081 

DD1 (Delivery Driver 
Task 1) 

2.57 0.109 RM1 (Regional 
Manager Task 1) 

2.27 0.132 

DD2 (Delivery Driver 
Task 2) 

0.62 0.430 RM2 (Regional 
Manager Task 2) 

0.00 1.00 

DD3 (Delivery Driver 
Task 3) 

2.57 0.109 RM3 (Regional 
Manager Task 3) 

0.24 0.623 

HR1 (Human 
Resources Task 1) 

2.74 0.098    

HR2 (Human 
Resources Task 2) 

1.22 0.269    

HR3 (Human 
Resources Task 3) 

1.47 0.225    

* Significant at p < 0.05.  

 

Table 7 presents the performance metrics for task F1.  As can been seen in the 

table, 52.2% of the college participants yielded the correct response, and 7.1% of 
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the non-college participants yielded the correct response.      

 

Table 7. Cross-tabulations between task F1 completion and education level.  

   
Task F1 (Facilitator Task 1) College Non-College 
   
   
Correct 12 1 
% in Task Completion 92.3 7.7 
% in Education Level 52.2 7.1 
   
Incorrect 11 13 
% in Task Completion 45.8 54.2 
% in Education Level 47.8 92.9 
   

Note. χ2 (1) = 5.89, p < 0.05.  

 

Hypothesis 1b 

The effect of education level on usability composite score was not significant, 

Wilks’ Lambda = 0.67 (F (15, 20) = 0.67, p = 0.784).  Table 8 and Figure 20 

present the 15 ANOVA results, where usability composite scores were found to 

be significantly affected by education level for two tasks: DD1 (F (1, 34) = 6.56, p 

= 0.015) and DD3 (F (1, 34) = 7.31, p = 0.011).   Examination of the means 

(Table 8) shows that college participants yielded greater mean scores on 

usability compared to non-college participants; where the greatest value (7.0) 

indicated adequate usability, and the lowest value (1.0) indicated inadequate 

usability.   
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Table 8. ANOVAs on usability composite score by education level  

       
   College Non-College 

Usability F p M SD M SD 
       
       

F1 (Facilitator Task 1) 0.75 0.393 5.73 1.21 5.34 1.42 
       
F2 (Facilitator Task 2) 1.47 0.234 4.67 1.47 3.98 1.94 
       
F3 (Facilitator Task 3) 0.05 0.822 4.08 2.05 4.25 2.27 
       
DD1 (Delivery Driver Task 1)* 6.56 0.015 6.18 1.08 5.02 1.64 
       
DD2 (Delivery Driver Task 2) 3.20 0.082 6.14 1.37 5.16 1.91 
       
DD3 (Delivery Driver Task 3)* 7.31 0.011 6.28 0.82 5.17 1.65 
       
HR1 (Human Resources Task 1) 2.11 0.156 6.30 1.06 5.73 1.26 
       
HR2 (Human Resources Task 2) 0.04 0.847 5.41 1.82 5.29 1.74 
       
HR3 (Human Resources Task 3) 0.53 0.470 5.49 1.55 5.07 1.81 
       
DM1 (District Manager Task 1) 0.77 0.385 4.72 1.53 4.25 1.50 
       
DM2 (District Manager Task 2) 0.74 0.396 4.28 1.88 3.72 1.95 
       
DM3 (District Manager Task 3) 0.71 0.404 4.76 2.03 4.16 2.04 
       
RM1 (Regional Manager Task 1) 0.35 0.557 2.41 1.42 2.70 1.41 
       
RM2 (Regional Manager Task 2) 0.12 0.728 3.01 1.87 2.78 1.89 
       
RM3 (Regional Manager Task 3) 0.01 0.946 3.24 1.92 3.20 1.71 
       
* Significant at p < 0.05. 
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Figure 20. Usability composite score by education level.  

 

Hypothesis 2: Quality Scores 

The effect of education level on quality score was not significant, Wilks’ Lambda 

= 0.49 (F (15, 21) = 1.48, p = 0.201).  Table 9 and Figure 21 present the 15 

ANOVA results, showing statistically significant differences in quality scores as a 

function of education level for some tasks (F1: F (1, 35) = 8.51, p = 0.006, DD1: 

F (1, 35) = 8.61, p = 0.006, DD3: F (1, 35) = 7.77, p = 0.009, HR1: F (1, 35) = 

9.62, p = 0.004, DM3:  F (1, 35) = 5.55, p = 0.024), with college participants 

having higher mean quality scores as compared to non-college participants.  .   
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Table 9. ANOVAs on quality score by education level.  

        
   College Non-College 
Quality F p M SD M SD 
       
       
F1 (Facilitator Task 1)* 8.51 0.006 77.08 76.57 11.61 43.45 
       
F2 (Facilitator Task 2) 3.58 0.067 47.26 58.71 14.38 35.26 
       
F3 (Facilitator Task 3) 0.12 0.736 54.53 67.90 46.78 66.28 
       
DD1 (Delivery Driver Task 1)* 8.61 0.006 144.62 46.63 86.10 75.09 
       
DD2 (Delivery Driver Task 2) 0.34 0.564 135.46 56.74 144.87 25.72 
       
DD3 (Delivery Driver Task 3)* 7.77 0.009 138.55 45.65 84.92 71.76 
       
HR1 (Human Resources Task 1)* 9.62 0.004 142.13 56.41 75.51 73.67 
       
HR2 (Human Resources Task 2) 0.17 0.682 129.08 61.60 121.58 35.68 
       
HR3 (Human Resources Task 3) 2.65 0.113 120.29 55.32 86.37 70.69 
       
DM1 (District Manager Task 1) 0.04 0.851 54.60 66.61 50.53 56.90 
       
DM2 (District Manager Task 2) 1.47 0.233 79.89 58.54 55.97 57.38 
       
DM3 (District Manager Task 3)* 5.55 0.024 91.57 69.24 38.77 60.45 
       
RM1 (Regional Manager Task 1) 1.31 0.260 21.86 37.68 8.18 30.62 
       
RM2 (Regional Manager Task 2) 0.12 0.737 20.95 47.59 15.81 39.44 
       
RM3 (Regional Manager Task 3) 0.86 0.360 41.19 60.46 23.52 48.24 
       
* Significant at p < 0.05. 
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Figure 21. Quality score by education level.  

 

Hypotheses 3a & 3b: VARK Learning Styles 

As shown in Table 10, many participants exhibited tri-modal learning style 

preferences.  Only two participants, 903 and 913, exhibited very strong 

preferences, and both these preferences were for the reading/writing learning 
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style.     

 

In this study, data analysis did not control for VARK learning styles.  As 

discussed for hypothesis 3a, two tasks demonstrated significance at p < 0.05, 

where the percent of correct responses was affected by learning style for tasks 

RM1 and RM2.  The original author of the VARK questionnaire intended to 

classify students into very specific categories, such as Bi-modal and Tri-modal 

and Mild, Strong and Very Strong (Fleming, 2001).  Shown in Table 9, there were 

11 learning styles identified for this study’s participants.  There were not enough 

data for analyzing the 11 learning styles; therefore, the 4 basic learning styles 

(Visual, Aural, Reading/Writing and Kinesthetic) were identified.  

 

Table 10. VARK learning style preferences among participants.  

Learning Style College 
Educated 

Non-College 
Educated 

V 1 0 
Mild R 1 1 

Strong R 2 2 
Very Strong R 0 2 

Mild K 3 1 
RK 1 2 

VAR 1 2 
VAK 1 0 
VRK 8 3 
ARK 4 1 

VARK 1 0 
 

 

As summarized in Figure 22, the most preferred learning style (17 participants) 

was Reading/Writing.  The second most preferred learning style (6 participants) 
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was Kinesthetic, followed by Visual learners (5 participants).  Two participants 

preferred the least preferred learning style, Aural.  Because 7 participants were 

split equally between two learning styles, their data was not included in data 

analysis for VARK learning styles.  As shown in Figure 22, a total of 30 

participants were assigned to a basic learning style (Visual, Aural, 

Reading/Writing or Kinesthetic).     
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Figure 22. Number of college and non-college educated participants for VARK 

learning styles. 

 

In the Zapalska & Brozik (2006) study, 15 students in the summer 2004 semester 

and 10 students in the fall 2004 semester of an online course, Principles of 

Macroeconomics, at Marshall University in Huntington, West Virginia, completed 

 64



 

the VARK questionnaire at the beginning of their respective semesters (Table 

11).  Tri-Modal learning style preferences were most common among both the 

online course students (10 summer students and 6 fall students) and the 

participants in this study (14 college educated participants and 6 non-college 

educated participants).  However, none of the online course students had any 

Uni-Modal learning style preferences, whereas several participants in this study 

had Uni-Modal learning style preferences.  Of the remaining students, the Bi-

Modal learning style was preferred by 3 summer students and 2 fall students; the 

Multi-Modal learning style was preferred by 2 summer students and 2 fall 

students.             

 

Table 11. VARK learning style preferences summarized.  

Learning 
Style 

College 
Educated 

Non-College 
Educated 

Total 23 14 
Uni-Modal 7 6 
Bi-Modal 1 2 
Tri-Modal 14 6 
Multi-Modal 1 0 

 

 

Hypothesis 3a 

The percent of correct responses was affected by learning style for two tasks: 

RM1 (χ2 (3) = 10.10, p = 0.018) and RM2 (χ2 (3) = 8.43, p = 0.038) (Table 12).  

Table 13 shows that participants with learning styles V, A and R tended to obtain 

the incorrect task response to task RM1, while those with learning style K tended 
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to obtain equally correct and incorrect task responses to task RM1.  Table 14 

shows the performance frequencies for task RM2 and learning style, where 

participants with learning styles V, R and K tended to obtain the incorrect task 

response, while those with learning style A tended to obtain the correct response 

to task RM2.   

 

Table 12. Chi-squares on learning style and correct responses.  

      
Correct Responses χ2 p Correct Responses χ2 p 

      

F1 (Facilitator Task 1) 
3.79 0.285 DM1 (District 

Manager Task 1) 
0.80 0.850

F2 (Facilitator Task 2) 
3.79 0.285 DM2 (District 

Manager Task 2) 
2.36 0.500

F3 (Facilitator Task 3) 
2.81 0.423 DM3 (District 

Manager Task 3) 
7.04 0.071

DD1 (Delivery Driver 
Task 1) 

4.27 0.435 RM1 (Regional 
Manager Task 1)* 

10.10 0.018

DD2 (Delivery Driver 
Task 2) 

6.84 0.077 RM2 (Regional 
Manager Task 2)* 

8.43 0.038

DD3 (Delivery Driver 
Task 3) 

3.64 0.303 RM3 (Regional 
Manager Task 3) 

5.80 0.122

HR1 (Human 
Resources Task 1) 

1.04 0.791
 

  

HR2 (Human 
Resources Task 2) 

5.17 0.160    

HR3 (Human 
Resources Task 3) 

0.98 0.807    

* Significant at p < 0.05. 
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Table 13. Cross-tabulations between task RM1 completion and learning style.  

Learning   
Category 

  RM1  
(Regional Manager 

Task 1)  
Task Completion  

    Correct Incorrect 
     
 V (Visual)  1 4 
    % within Learning Style 20.0% 80.0% 
    % within Task RM1  25.0% 15.4% 
  A (Aural)  0 2 
    % within Learning Style 0.0% 100.0% 
    % within Task RM1  0.0% 7.7% 
  R (Reading/Writing)  0 17 
    % within Learning Style 0.0% 100.0% 
    % within Task RM1  0.0% 65.4% 
  K (Kinesthetic)  3 3 
    % within Learning Style 50.0% 50.0% 
    % within Task RM1  75.0% 11.5% 
Note. χ2 (3) = 10.10, p < 0.05.  

 

Table 14. Cross-tabulations between task RM2 completion and learning style.  

Learning   
Category 

  RM2  
(Regional Manager 

Task 2)  
Task Completion 

    Correct Incorrect 
     
 V (Visual)  1 4 
    % within Learning Style 20.0% 80.0% 
    % within Task RM2  14.3% 17.4% 
  A (Aural)  2 0 
    % within Learning Style 100.0% 0.0% 
    % within Task RM2  28.6% 0.0% 
  R (Reading/Writing)  4 13 
    % within Learning Style 23.5% 76.5% 
    % within Task RM2  57.1% 56.5% 
  K (Kinesthetic)  0 6 
    % within Learning Style 0.0% 100.0% 
    % within Task RM2  0.0% 26.1% 
Note. χ2 (3) = 8.43, p < 0.05. 
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Hypothesis 3b 

The effect of learning style on usability composite score was not significant, 

Wilks’ Lambda = 0.11 (F (45, 33) = 0.83, p = 0.720).  No statistically significant 

differences were found in usability composite scores as a function of learning 

style (Table 15).   
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Table 15. ANOVAs on usability composite score by learning style.  

   V 
Visual 

A 
Aural 

R 
Reading/ 
Writing 

K 
Kinesthetic

Usability F p M SD M SD M SD M SD 
           

F1 (Facilitator Task 1) 1.45 0.252 6.32 0.79 6.45 0.21 5.34 1.41 5.15 1.35 
           

F2 (Facilitator Task 2) 0.19 0.905 4.50 1.20 5.00 2.40 4.08 1.94 4.05 1.26 
           

F3 (Facilitator Task 3) 1.98 0.143 4.50 2.08 4.00 3.96 4.66 1.91 2.38 0.92 
           

DD1 (Delivery Driver 
Task 1) 

1.37 0.274 6.62 0.22 6.35 0.92 5.45 1.54 4.98 1.73 

           

DD2 (Delivery Driver 
Task 2) 

0.70 0.561 6.48 0.74 6.20 1.13 5.62 1.79 5.05 1.98 

           

DD3 (Delivery Driver 
Task 3) 

1.35 0.281 6.48 0.66 6.55 0.64 5.58 1.20 5.08 1.94 

           

HR1 (Human 
Resources Task 1) 

0.75 0.533 6.56 0.51 6.60 0.57 6.12 1.19 5.75 0.34 

           

HR2 (Human 
Resources Task 2) 

0.08 0.972 5.86 1.55 5.35 2.05 5.60 1.51 5.67 1.18 

           

HR3 (Human 
Resources Task 3) 

0.94 0.434 5.96 0.93 6.75 0.35 5.23 1.82 4.85 1.58 

           

DM1 (District Manager 
Task 1) 

0.78 0.516 4.04 1.65 3.60 0.71 4.38 1.52 5.10 1.30 

           

DM2 (District Manager 
Task 2) 

0.46 0.713 4.56 2.00 2.90 0.99 3.59 1.98 3.65 1.58 

           

DM3 (District Manager 
Task 3) 

0.89 0.458 5.44 1.40 4.10 0.28 4.02 2.15 4.80 2.12 

           

RM1 (Regional 
Manager Task 1) 

1.83 0.167 1.62 0.47 1.70 0.57 2.34 1.10 3.20 1.75 

           

RM2 (Regional 
Manager Task 2) 

0.97 0.424 3.72 2.08 2.25 1.48 2.90 1.91 2.00 0.94 

           

RM3 (Regional 
Manager Task 3) 

0.23 0.876 3.22 1.39 3.05 2.47 3.09 1.83 2.53 1.20 
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Hypothesis 4: Computer Experience Categories 

Of the three categories of computer experience (Novice, Intermediate and 

Expert), none of the 37 participants were categorized as Novices (Table 16 and 

Figure 23).  Most participants were categorized in the Intermediate category, 

although a higher percentage of Experts were college participants (94% Experts).  

 

Table 16. Comparison of computer experience and education level.  

Computer Experience Category   Expert Intermediate Total 
Non-College 1 13 14 Education Level College 16 7 23 

 Total 17 20 37 
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Figure 23. Number of college and non-college participants for computer 

experience categories.   

 

The effect of computer experience category on usability composite score was not 

significant, Wilks’ Lambda = 0.55 (F (15, 20) = 1.10, p = 0.413).  Table 17 and 

Figure 24 present the 15 ANOVA results, showing statistically significant 

differences in usability composite scores as a function of computer experience 

for some tasks.  For each task that was significant, experts had higher mean 

usability scores as compared to intermediates (DD1: F (1, 34) = 9.60, p = 0.004, 

DD2:  F (1, 34) = 7.66, p = 0.009, DD3:  F (1, 34) = 4.90, p = 0.034).   
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Table 17. ANOVAs on usability composite score by computer experience 

category.  

       
   Expert Intermediate 

Usability F p M SD M SD 
       
       

F1 (Facilitator Task 1) 0.01 0.912 5.61 1.30 5.64 1.31 
       
F2 (Facilitator Task 2) 2.70 0.110 4.89 1.47 3.87 1.80 
       
F3 (Facilitator Task 3) 0.05 0.823 4.22 2.10 4.14 2.12 
       
DD1 (Delivery Driver Task 1)* 9.60 0.004 6.45 0.59 5.16 1.60 
       
DD2 (Delivery Driver Task 2)* 7.66 0.009 6.52 0.90 5.19 1.83 
       
DD3 (Delivery Driver Task 3)* 4.90 0.034 6.35 0.73 5.48 1.49 
       
HR1 (Human Resources Task 1) 1.38 0.248 6.34 1.20 5.89 1.08 
       
HR2 (Human Resources Task 2) 0.12 0.728 5.26 2.02 5.52 1.53 
       
HR3 (Human Resources Task 3) 0.08 0.778 5.25 1.70 5.41 1.63 
       
DM1 (District Manager Task 1) 2.92 0.097 4.99 1.45 4.25 1.51 
       
DM2 (District Manager Task 2) 0.51 0.480 4.32 1.84 3.83 1.92 
       
DM3 (District Manager Task 3) 0.22 0.640 4.71 2.23 4.48 1.85 
       
RM1 (Regional Manager Task 1) 0.33 0.570 2.37 1.28 2.65 1.49 
       
RM2 (Regional Manager Task 2) 2.48 0.124 3.44 2.17 2.42 1.42 
       
RM3 (Regional Manager Task 3) 0.03 0.876 3.18 1.95 3.20 1.74 
       

* Significant at p < 0.05. 
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Figure 24. Usability composite score by computer experience category.  

 

Hypotheses 5a-d: Dashboard User Roles 

Hypothesis 5a 

No significant effect of role or task was found to affect frequency of correct 

responses (χ2 (8) = 2.39, p = 0.967) (Table 18). 
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Table 18. Cross-tabulations between task number and role for performance 

frequencies of correct responses.  

    
 Task Number 

 
 
Role 

 
1 

 
2 

 
3 

    
    
F (Facilitator) 13 13 17 
% in Role 30.2 30.2 39.5 
% in Task 13.3 11.4 15.9 
    
DD (Delivery Driver) 30 34 30 
% in Role 31.9 36.2 31.9 
% in Task 30.6 29.8 28.0 
    
HR (Human Resources) 28 33 29 
% in Role 31.1 36.7 32.2 
% in Task 28.6 28.9 27.1 
    
DM (District Manager) 18 26 20 
% in Role 28.1 40.6 31.3 
% in Task 18.4 22.8 18.7 
    
RM (Regional Manager) 9 8 11 
% in Role 32.1 28.6 39.3 
% in Task 9.2 7.0 10.3 
    
Note. χ2 (8) = 2.39, p = 0.967 not significant. 

 

Hypothesis 5b 

In a between-subject ANOVA, problems created by unequal group sizes are 

relatively minor (Tabachnick & Fidell, 2001). If sample sizes are considerably 

dissimilar, the assumption of homogeneity of variances is more difficult to 

convene, however significant findings that suggest heterogeneity of variances 
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are generally considered robust toward the violation of homogeneity of variances 

of when conducting an ANOVA test (Tabachnick & Fidell, 2001).  For hypothesis 

5b, Levene’s test of equality of variance was significant, suggesting that the 

assumption of homogeneity of variances was not supported.  However, due to 

the robustness of the ANOVA test, a non-parametric test, such as the Mann-

Whitney U test, was not used in this case.  A two-factor ANOVA was conducted 

to evaluate hypothesis 5b.      

 

Role was found to significantly affect quality score (F (4, 540) = 62.71, p = 0.001) 

(Table 19), although task and the role by task interaction effect was not 

significant.    

 

Table 19. Two-factor ANOVA on quality score by factors of role and task.  

     
Factors df F p Power 
     
     
Role* 4 62.71 0.001 0.99 
Task 2 0.47 0.628 0.13 
Role by Task 8 1.22 0.286 0.57 
Total 555  
   

* Significant at p < 0.05. 
 

In post-hoc analyses, Scheffé's test revealed several significant differences on 

quality score by role.  The F role had lower mean quality scores as compared to 

the DD and HR roles, the DM role had lower mean quality scores as compared to 

the DD and HR roles, and the RM role had lower mean quality scores as 
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compared to the DD, HR and DM roles (Table 20 and Figure 25).  

 

Table 20. Means and standard deviations on quality score by factors of role and 

task.  

     
Role Task Number            
 1 2 3 Total 
 M SD M SD M SD M SD 
     
     
F  
(Facilitator) 
 

52.31 72.81 34.82 53.08 51.60 66.47 46.24 64.57

DD  
(Delivery 
Driver) 

122.48 64.75 139.02 47.20 118.26 61.87 126.58 58.61

HR  
(Human 
Resources) 

116.92 70.55 126.24 52.84 107.45 62.87 116.87 62.42

DM  
(District 
Manager) 

53.06 62.33 70.84 58.49 71.59 70.17 65.16 63.85

RM  
(Regional 
Manager) 

16.69 35.37 19.00 44.18 34.51 56.12 23.40 46.29

Total 72.29 74.29 77.99 69.90 76.68 70.67 75.65 71.56
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Figure 25. Quality score by role.  

 

Hypothesis 5c 

As with hypothesis 5b, a two-factor ANOVA was conducted to evaluate 

hypothesis 5c, although Levene’s test of equality of variance was significant, 

suggesting that the assumption of homogeneity of variances was not supported.  

 

Role and the role by task interaction were found to significantly affect time to task 

completion (F (4, 539) = 68.05, p = 0.001 for role and F (8, 539) = 4.48, p = 0.001 

for the task by role interaction) (Table 21).   
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Table 21. Two-factor ANOVA on time by factors of role and task.  

     
Factors df F p Power 
     
     
Role* 4 68.05 0.001 0.99 
Task 2 2.20 0.112 0.45 
Role by Task* 8 4.48 0.001 0.99 
Total 554  
   

* Significant at p < 0.05. 
 

 

In post-hoc analyses, Scheffé's test revealed several significant differences on 

time to task completion by role.  The RM role had higher mean completion times 

compared to the F, DD, HR and DM roles, and the DD and HR roles had higher 

mean completion times than the F, DM and RM roles (Table 22 and Figure 26). 

 

Post-hoc analyses revealed several significant findings, regarding significant 

differences on time to task completion by task.  For task numbers 1, 2 and 3, DD 

and HR roles had lower mean completion times, compared to the DM and RM 

roles, and that the DM role had the shortest mean completion time of all roles.  

The F role had longer mean completion times than the DD and HR roles for task 

numbers 2 and 3, but the F role had shorter completion times for task numbers 1 

and 2, compared to the DM and RM roles (Table 22 and Figure 26). 
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Table 22. Means and standard deviations on time by factors of role and task.  

     
Role Task Number 
 1 2 3 Total 
 M SD M SD M SD M SD 
     
     
F 
(Facilitator) 
 

37.11 28.62 66.56 34.69 80.35 54.42 61.34 44.26

DD 
(Delivery 
Driver) 

31.69 26.21 27.30 22.40 39.20 28.90 32.73 26.21

HR 
(Human 
Resources) 

25.96 21.86 45.68 43.24 49.65 36.31 40.43 36.16

DM 
(District 
Manager) 

74.42 45.87 82.68 39.81 69.57 49.54 75.56 45.17

RM 
(Regional 
Manager) 

129.85 52.31 115.08 58.00 100.51 55.82 115.15 56.22

Total 59.81 53.46 67.46 50.89 67.86 50.68 65.04 51.73
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Figure 26. Time by role.  

 

Hypothesis 5d 

As with hypotheses 5b and 5c, a two-factor ANOVA was conducted to evaluate 

hypothesis 5d, although Levene’s test of equality of variance was significant, 

suggesting that the assumption of homogeneity of variances was not supported.  

 

Role and the role by task interaction were found to significantly affect usability 

composite scores (F (4, 539) = 56.40, p = 0.001 for role and F (8, 539) = 2.70, p 

= 0.006 for the role by task interaction) (Table 23).  
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Table 23. ANOVA on usability dimension composite score by task and role.  

     
Factors df F p Power 
     
     
Role* 4 56.40 0.001 0.99 
Task 2 3.16 0.043 0.61 
Role by Task 8 2.70 0.006 0.93 
Total 554  
   

* Significant at p < 0.05. 
 

 

In post-hoc analyses, Scheffé's test revealed several significant differences on 

usability composite score by role.  The RM role had lower usability composite 

score than the F, DD, HR and DM roles, the DM role had a lower score than the 

HR and DD roles, and the F role usability composite score was lower than the 

DD role (Table 24 and Figure 27).   

 

Post-hoc analyses revealed several significant findings, regarding significant 

differences on usability composite score by task.  For task number 1, the RM role 

usability composite score was lower than the scores of the F, DD, HR and DM 

roles, and the DM role had a lower usability composite score than the F, HR and 

DD roles.  For task number 2, the RM role had a lower usability composite score 

than the F, DD, HR and DM roles, the DM role usability composite score was 

lower than those for the HR and DD roles, and the F role had a lower usability 

composite score than the DD role.  For task number 3, the RM role had a lower 

usability composite score than the DD, HR and DM roles, and the DM and F 
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roles had lower usability composite scores than the DD role (Table 24 and Figure 

27).   

 

Table 24. Means and standard deviation on usability dimension composite score 

by task and role.  

     
Role Task Number 
 1 2 3 Total 
 M SD M SD M SD M SD 
     
     
F 
(Facilitator) 
 

5.62 1.29 4.34 1.71 4.18 2.08 4.71 1.83 

DD 
(Delivery 
Driver) 

5.75 1.39 5.80 1.61 5.88 1.27 5.81 1.42 

HR 
(Human 
Resources) 

6.09 1.14 5.40 1.75 5.34 1.64 5.61 1.56 

DM 
(District 
Manager) 

4.59 1.51 4.05 1.87 4.58 2.01 4.41 1.81 

RM 
(Regional 
Manager) 

2.52 1.38 2.89 1.85 3.19 1.81 2.86 1.70 

Total 4.92 1.86 4.49 2.03 4.63 2.00 4.68 1.97 
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Figure 27. Usability composite score by role.  

 

Open-ended Questions  

After-task Questionnaire  

As described by Riffe et al. (1998), thematic content analysis was performed to 

categorize participant responses to after-task questions that were open-ended.  

Table 25 lists responses to after-task questions regarding the computer-based 

performance dashboard prototype for the five user roles: Human Resources 

(HR), DD, Facilitator (F), District Manager (DM) and Regional Manager (RM).  

Generally, the majority of responses were directed at what participants liked most 

[HR: 76% (69/91); DD: 70% (72/103); F: 61% (59/97) and DM 61% (69/113)].  

However, 52% (50/97) of responses for the Regional Manager (RM) role were 
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directed at what participants would like to change. 

 

Consistently, the category with the most responses was Visual Clarity.  There 

were sub-categories within Visual Clarity that yielded most responses of total 

responses [HR: Readability/Understandability 19% (17/91); DD: Organization 

18% (19/103); F: Specifics 21% (20/97); DM: Specifics 20% (23/113) and RM: 

Specifics 23% (22/97)].  For the Facilitator (F) role, two categories, Efficiency and 

Navigability, also yielded many responses both with 16% (16/97) of total 

responses.  For the District Manager (DM) role, Efficiency yielded many 

responses with 18% (20/113) of total responses.   

 

Relating to what participants liked most, Visual Clarity yielded the majority of 

responses [HR: 45% (31/69); DD: 43% (31/72); F: 34% (20/59); DM: 41% (28/69) 

and RM: 55% (26/47)].  Efficiency also yielded many responses directed at what 

was liked most [HR: 33% (23/69); DD: 29% (21/72) and RM Like 

Efficiency also yielded many responses with 15% (7/47)].   
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  Liked Most Would Change 

Categories  Sub-Categories
Facilitator 

 
Delivery 
Driver 

Human 
Resources 

District 
Manager 

Regional 
Manager 

Facilitator 
 

Delivery 
Driver 

Human 
Resources 

District 
Manager 

Regional 
Manager 

Capability        1 1   2 4 1   1 2Control 
Methods     1 1             
Abundance 1     1 3     1   3 
Accessibility            8 11 12 7 3 2 2 1
Accuracy     1          
Ease of Use 2 5 10 4 1        

Efficiency 

Speed 3 5 1 4         1   
Errors   1                   

Instruction 1 4   2 4           
Intuition 4    1          
Projection 4 1 1 1          

Learnability 

Understandability 5 1 3 1     2 1 2   
Memorability   1     2 1           

Lack of Confusion 3 6 1 3 1         1 Navigabilty 
Moving Freely 2 6 4 7 3 11     1 2 

Satisfaction Aesthetics            3 1 5 4 1 2 7 2 5
Helpfulness 1   4 2 2         1 
Lack of Ambiguity 

 
4 9 7 6 6 2 3 2 11 10 

Organization 2          
          
          

10 4 3 4 4 9 2 3 1
Readability/Understandability

 
4 3 14 7 2 5 2 3 5 19

Visual 
Clarity 

Specifics 9 9 2 10 12 11 8 11 13 10

Table 25. The five user roles: What participants liked most and would like to change about the dashboard.  
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Relating to what participants would like to change, the sub-categories of Visual 

Clarity yielded the majority of responses [HR: Specifics 50% (11/22); DD: 

Organization 29% (9/31); F: Specifics 29% (11/38) (tied with Navigability’s sub-

category Moving Freely); DM: Specifics 30% (13/44) and RM: 

Readability/Understandability 38% (19/50)].  Some of the comments made by 

participants suggested improvements within the sub-categories.  

• Visual Clarity – Specifics: “Increase the font size” (for HR and DM roles).   

• Navigability – Moving Freely: “Eliminate the need to backtrack in order to 

see each day's data” (for the F role).   

• Visual Clarity – Readability/Understandability: “Add [an] appropriately 

labeled link for drilling down to quarterly information” (for the RM role).   

 

Open-ended Questionnaire 

As described by Riffe et al. (1998), thematic content analysis was performed to 

categorize participant responses to open-ended questions.  College participants 

accounted for more responses than non-college participants [Q1: 68% (46/68); 

Q2: 68% (41/60); Q3: 75% (45/60); Q4: 76% (54/71) and Q5: 72% (42/58)].  

Visual Clarity accounted for the majority of college participant responses [Q1: 

63% (29/46); Q2: 41% (17/41); Q3: 36% (16/45); Q4: 48% (26/54) and Q5: 52% 

(22/42)], as well as non-college participant responses [Q1: 64% (14/22); Q2: 26% 

(5/19); Q3: 40% (6/15); Q4: 47% (8/17) and Q5: 56% (9/16)].   
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Note. Q1 asked, “From your point of view, what are the worst aspects of this dashboard?  Why?” 
Q2 asked, “What aspects of this dashboard did you find confusing, difficult to understand, illogical or simply irritating?” 
Q3 asked, “What were the most common mistakes you made while using this dashboard?  Can you attribute them to 
any particular factors?” 
Q4 asked, “Overall, what did you like most about the dashboard that you used today?” 
Q5 asked, “Overall, what would you like to change about the dashboard that you used today?” 

 

 

Table 26. College and non-college educated participant responses to open-ended questions 1 through 5.  

College Educated Non-College Educated
Categories     Sub-Categories Q1 Q2   Q3 Q4 Q5 Q1    Q2 Q3 Q4 Q5

Capability 2 4  4 3     1 1 1   
General     

  

7       1    Control 
Methods 1           1   1   
Abundance     2 2 4   1 1 1 1 
Accessibility   2  

    
   

3 3     1 1  1 
Ease of Use   3 1        

Efficiency 

Speed     1 1       1   
Instruction           1 2       
Intuition 5 9          

       
          

2 1 2 3 1
Process of Learning   2      Learnability 

Understandability 3 3 4 5 2 2 2 3 3
Memorability                   1   

Lack of Confusion 2 5    2 5   1       Navigability 
Moving Freely     2 1     

           
5 1 1 1 1   

Aesthetics 4 1 9 2 2 1 3 2
Satisfaction 

Intrigue       1   
     

          
Lack of Ambiguity 7 5 10 2 5 1   1 1   
Organization 4 1         

          
         

1 10 5 4 2 1 1 2
Readability/Understandability 7 3 4 1 4 1 1 4

Visual 
Clarity 

Specifics 11 8 1 13 8 8 2 6 7 



 

For Questions 1, 4 and 5, the sub-category with the most responses was Visual 

Clarity: Specifics [Q1: 28% (19/68); Q2: 27% (19/71) and Q3: 26% (15/58)].  

Participant comments to:  

• Question 1 addressed the aspects of “small font size” and “small graphics 

size.”   

• Question 4 included the most liked aspects of “graphs,” “charts” and 

“graphics.”   

• Question 5 typically suggested, “Increase [the] font size.”   

 

For Question 2, the sub-category with the most responses was Learnability: 

Intuition with 20% (12/60) of total responses, which mostly included the aspect of 

“unclear drilldown path between screens.”  For Question 3, the sub-category with 

the most responses was Visual Clarity: Lack of Ambiguity with 18% (11/60) of 

total responses, which mostly included the mistake of “clicking the wrong link” 

and the factor of “lack of link identification.”  Other categories also accounted for 

many responses [Q1: Efficiency 19% (13/68); Q2: Learnability 32% (19/60); Q3: 

Control 22% (13/60); Q4: Satisfaction 18% (13/71) and Q5: Navigability 17% 

(10/58)].   

 

Open-ended Questions 6, 7 and 8 were not categorized with usability 

dimensions, rather they were categorized by: Activities, Prior Use and School.  

These categories were further distinguished with sub-categories (Table 27).     
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For Questions 6 and 7, college participants accounted for most responses [Q6: 

67% (24/36) and Q7: 64% (14/22)], whereas non-college participants accounted 

for less responses [Q6: 33% (12/36) and Q7: 36% (8/22)].  Some categories 

accounted for many responses [Q6: School 31% (11/36) and Q7: Activities 36% 

(8/22)], whereas the category of Prior Use accounted for the majority of 

responses from college participants [Q6: 71% (17/24) and Q7: 64% (9/14)] as 

well as non-college participants [Q6: 42% (5/12) and Q7: 42% (5/8)].  The two 

sub-categories with the most responses were Prior Use: Use of a Device [Q6: 

31% (11/36) and Q7: 27% (6/22)] and Prior Use: Use of a Program [Q7: 27% 

(6/22)], which included the responses:  

• “using computers” and 

• using various programs.   
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Table 27. College and non-college educated participant responses to open-

ended questions 6 through 8.  

  College Educated Non-College Educated 
Categories Sub-Categories Q6 Q7 Q8 Q6 Q7 Q8 

Entertainment           1 
Learning    1 2 1   
Research 1 2        

Activities 

Work   3     2   
Interpreting 
Information 

1 1  3 1  

Use of a Device 9 4   2 2   Prior Use 

Use of a Program 7 4     2   
Subject 5     5     School Type of School 1           

Note. Q6 asked, “What in your educational background prepared you for using 

the dashboard today?” 

Q7 asked, “What in your employment background prepared you for using the 

dashboard today?” 

Q8 asked, “What previous vocational training have you had that prepared you for 

using the dashboard today?” 

 

However, for Question 8, both college participants and non-college participants 

accounted for 50% (1/2) of total responses.  Two sub-categories each accounted 

for 50% (1/2) responses from participants.   

• Activities: Learning included the response of “navigating web pages.”   

• Activities: Entertainment included the response of “games.”   
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Chapter 5 Discussion 

Major Findings 

Findings from this study suggest that college educated participants tended to 

perform better than non-college educated participants on computer-based 

performance dashboard-related tasks.  In general, the DD dashboard user role 

had better quality scores from participants, was completed in less time and was 

more usable than the RM dashboard user role.  Shown in Figure 28, the solid 

lines indicate statistically significant findings.   

 

Correct 
Responses

Usability 
Composite 

Score

Task 
Completion 

Time

Quality 
Score

Learning 
Style

Computer 
Experience 
Category

Dashboard 
User Role

Education 
Level

F1

F1
DD1
DD3
HR1
DM3

DD1
DD2
DD3

DD1 
DD3

RM1 
RM2

 

Figure 28. Influence diagram of major findings. 

 

Also shown in Figure 28, the dashed lines indicate where the findings were 
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significant for certain tasks (not all fifteen tasks), which are listed over the dotted 

lines.  Participants with learning styles V, A and R tended to incorrectly complete 

task RM1, whereas participants with learning styles V, R and K tended to 

incorrectly complete task RM2.  When completing task F1, college participants 

were more likely to obtain the correct response than were the non-college 

participants.  When completing tasks F1, DD1, DD3, HR1 and DM3, college 

participants had higher means on quality scores.  When completing tasks DD1 

and DD3, college participants yielded greater mean scores on usability ratings.  

When completing tasks DD1, DD2 and DD3, expert participants had higher 

means on usability ratings.   

 

Importance of the Findings  

When designing a computer-based performance dashboard, consideration 

should be given to the level of education of the end users and the specific 

features of each dashboard user role.  College educated users of the dashboard 

may have an advantage over non-college educated users.  Each specific role 

within the dashboard design must be designed with consideration of the user for 

whom the role is intended.   

 

Computer experience may also be considered during computer-based 

performance dashboard design.  Users who are expert computer users may find 

the dashboard to be more usable than intermediate computer users; however, 

intermediate computer users must not be overlooked, if they are to be included in 
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the population of end users of the dashboard.   

    

Relation to Similar Studies 

Because there are very few empirical studies regarding the usability of a 

computer-based performance dashboard, there is not much basis for comparison 

for the findings of this study.  However, this study is somewhat similar to a couple 

of studies by Entorf et al. (1999) and Chou & Hsiao (2007).  The finding that 

college educated participants performed better on tasks within the computer-

based performance dashboard prototype replicates the findings of Entorf et al. 

(1999), stating that education and computer use had a positive relationship and 

implies that college educated participants may have had an advantage when 

using the computer-based performance dashboard prototype.  The finding that 

expert participants had higher means on usability ratings agrees with the findings 

of Chou & Hsiao (2007) that higher education level led to more positive 

expectations about the use of computers.  In this study, of the 17 participants 

who scored as expert computer users on the Computer Experience 

Categorization Tool, 16 participants were college educated.   

 

Alternative Explanations 

Task RM1 (Figure 17. Regional Manager task 1.) may have been more difficult to 

complete, because the Regional Manager user role portion of the dashboard had 

up to five drilldown levels, versus only two levels for the other user role portions.  

Task RM2 (Figure 18. Regional Manager task 2.) may have been complicated by 
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the use of jargon, such as the word “turnover”.   

 

An observation that Chou & Hsiao (2007) made was that the lower education 

level participants paid more attention to their own capabilities as learners and 

their own deficiencies in learning.  It is possible that the differences in 

participants’ performance in this study were caused by a self-fulfilling prophecy 

(Merton, 1968).  In the event that a self-fulfilling prophecy occurred, the non-

college participants may have initially believed that they were more likely to 

perform poorly and consequently performed poorly based on this presumption.   

 

In this study, there was an overlap between participants with expert computer 

experience and participants with college level education, which may explain why 

experts had higher mean usability scores as compared to intermediates.  

Because usability composite scores were found to be significantly affected by 

education level for tasks DD1 and DD2, it would follow that experts had higher 

mean usability scores on tasks within the DD user role portion of the dashboard.    

 

As discussed by Reeves (1993), this study also had a small sample size.  

Furthermore, some of the participants exhibited attrition, when they would forfeit 

from completing a task.  Although the observations were drawn from research on 

Computer-Based Instruction (CBI), the observations may apply to this dashboard 

study (Reeves, 1993).  It is possible that a larger sample size and lower rate of 

attrition would have yielded different findings for this study.   
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Chapter 6 Conclusion 

Limitations 

The few participants who volunteered for this study affected the findings.  

Recruiting non-college participants in a small, college town created an obstacle 

in finding the appropriate participants.  Although it would have been beneficial to 

have matched pairs based on age, this study’s participant group was not 

appropriate for such an analysis.   

 

The fact that several of the participants forfeited their attempts at tasks is a 

limitation somewhat like the mortality threat to internal validity.  Although none of 

the participants dropped out completely, it would have been beneficial to have 

had them continue working until the time ran out.  Frustration was not a factor in 

this study, but it easily could have been a variable had the study topic been 

broader.    

 

Because the computer-based performance dashboard in this study was a low-

fidelity prototype, which lacked appropriate functionality in some regards, a 

certain limitation was the prototype itself.  Having been designed by senior 

engineering students and not professional computer programmers, the 

dashboard had certain simplicity of function that may have been avoided had 

professional work been completed for the dashboard.   

 

For the typical formative evaluation, a low-fidelity prototype is acceptable 
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(Hartson, 2006).  In this case, the senior engineering students intended to design 

a group of prototypes from which Subject Matter Experts (SMEs) representing 

the major delivery company could choose the best attributes.  Ultimately, the goal 

was that the SMEs would deliver the group of prototypes to a subcontractor that 

would create a functional, high-end product (Anderson, Geruso, Jordan, & Smith, 

2007).  It is possible that differences in performance measures and usability 

ratings would have been different had this prototype been more of a beta test 

prototype rather than a low-fidelity prototype.      

 

Because the designers of this study’s prototype were college students, there may 

have been bias within the design of the prototype and an assumption that upper-

level employees would have obtained college degrees as a requirement to enter 

their job positions.  Furthermore, three of the five user roles (Human Resources, 

District Manager and Regional Manager) were based on job positions that 

require college degrees.  Facilitators may or may not have required college 

degrees.  One exception was that a college degree may not necessarily be 

required for a potential Delivery Driver to enter training for the position.  Another 

limitation was that the VARK questionnaire may not have been designed to 

represent non-college educated participants and is typically used by those in 

academia (Fleming, 2009).   
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Future Directions 

Initially, a review of the existing literature did not reveal much information on 

studies conducted with computer-based performance dashboards.  Regardless 

of whether or not empirical data exists to justify the widespread use of 

dashboards, they are becoming increasingly popular among computer users.   

 

For example, at 

http://www.apple.com/downloads/dashboard/justforfun/cuckooclock.html, Apple 

offers widgets, which are smaller components of an overall dashboard interface.   

If a person would like a non-digital method of keeping the current time, then s/he 

can add a Cuckoo Clock dashboard widget to his or her Apple computer (Apple 

Inc., 2008).  During the 2008 Presidential Election, Yahoo! offered a dashboard 

to internet users at http://news.yahoo.com/elections/dashboard that would track 

the predicted and later final outcomes of precinct elections within each of the 50 

states of the United States (Yahoo!, 2008).  Located at 

http://www.idashboards.com/?gclid=CKSujeyb9pcCFQFqxwodpQVgDA, 

iDashboards is a company that offers a wide variety of dashboards, such as the 

Balanced Scorecard, Healthcare, Manufacturing and Project Management 

dashboards (iDashboards, 2006). 

 

As an emerging technology, the computer-based performance dashboard is 

fascinating to some but annoying to others.  Further evaluations of dashboards 

and comparisons of types of dashboard users may reveal unique and applicable 
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findings to benefit this technology.  Beyond developing dashboards for specific 

user roles or company job titles, there may be a need to create customizable 

dashboards, which would allow users more control in how information is 

displayed to them.  Differences in user preference should be considered; one 

general dashboard should not be forced upon all users.   

 

Another consideration is that not all dashboard user roles are likely to have the 

same number of drilldown options.  For this study, the Regional Manager user 

role portion of the dashboard had many more drilldown options than did the other 

user role portions.  This is logical, because a Regional Manager would be 

expected to handle more information than, for example, a Delivery Driver in 

training, who may or may not continue working for the company after the end of 

the training period.  Although a Regional Manager would be expected to handle a 

large amount of information, too much information or too many drilldown options 

would hinder the usability of the Regional Manager’s dashboard.  More research 

could identify an optimal number of drilldown options and drilldown levels for a 

given dashboard.      

 

An extension of this study could include more participants.  Perhaps, participants 

could be recruited over a greater distance and over a longer period of time in 

order to find a much wider diversity of participants, especially more non-college 

educated participants.  Another extension of the study could be to have current 

employees at the major delivery company use this computer-based performance 
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dashboard prototype and share their comments as the population for whom the 

dashboard was designed.  Future research could be conducted on a dashboard 

that is designed for a broader group of users, including both college and non-

college educated users.  The dashboard designers could design for a broader 

group of users, especially where applicable (non-college educated users for a 

trainee position versus college educated users for an upper-level management 

position).   

 

Two characteristics of participants that were not examined in this study were 

training and affluence.  A comparison could be made between participants who 

have previous training using a dashboard and participants who have previously 

been exposed to dashboard technology or other similar technologies via 

educational experience.  A study could examine whether training and previous 

educational experience are mutually exclusive.  Another comparison could be 

made between participants who are affluent and those who are not; perhaps, the 

findings would show a correlation between affluence and higher dashboard 

usability ratings.  A future study could make more specific observations about the 

correlation between education and computer experience and how affluence 

correlates with education level, computer experience and ultimately participant 

performance on dashboard-related tasks.    

 

The structure of this study could be applied to the study of another computer-

based performance dashboard prototype, an alternative group of dashboard 
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prototypes or one of the other prototypes designed by the senior engineering 

students, who designed the prototype examined in this study.  Prior to this study, 

SMEs from the major package delivery company selected one prototype that 

they most preferred and that they wanted participants to use during an 

experimental study.  In a future study, the comparison of several dashboard 

prototypes could reveal even more insight into what users like or do not like 

about dashboard technology.  A more in depth understanding of what dashboard 

users require is necessary.  Because the dashboard is meant to be a tool, it 

should not elicit frustration, as was the case in this study.      

 

The senior engineering students that designed this dashboard also made some 

mistakes similar to the mistakes identified by Hammer (2007) that are made 

during development of a performance measurement tool (Table 28).  Because 

the senior engineering students were following the guidance of SMEs from the 

major delivery company, it is possible that they made mistakes, simply from 

having been misguided or from not having enough information.   
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Mistake Description Dashboard Conclusions Mistake Description Dashboard Conclusions 
Vanity creating metrics that 

falsely boost the 
numbers (Hammer, 
2007) 

If the senior engineering 
students falsely boosted 
numbers, then the mistake 
of vanity would have 
evolved from information 
provided by the SMEs.  

Pettiness focusing on
minor, less 
important 
metrics 
(Hammer, 
2007) 

 Pettiness was a mistake that could be 
identified in task RM3 (Figure 19. Regional 
Manager task 3.), because stock exchange 
information can easily be tracked from a 
more appropriate source, such as a 
financial website, rather than the 
dashboard of a major delivery company. 
 

Provincialism 
 
 
 
 
Narcissism 

having too narrow of a 
focus (Hammer, 2007) 
 
 
emphasizing one’s 
own point of view and 
ignoring metrics that 
could emphasize the 
clients’ points of view 
(Hammer, 2007) 
 

The mistakes of 
provincialism or narcissism 
could have been made, if 
the SMEs provided 
information that was too 
narrow or too biased. 

Inanity  identifying
metrics that 
ultimately lead 
to problematic 
organizational 
behavior 
(Hammer, 
2007) 

Inanity was a possible mistake that could 
have been made if, for example, the 
amount of time spent delivering was 
measured without regard to the trade-off in 
safety that may occur if a Delivery Driver 
feels pressure to rush, while making 
deliveries.  However, in this dashboard 
prototype, safety was measured in terms of 
injuries and accidents (Figure 14. District 
Manager task 1.). 

Laziness refusal to re-evaluate 
the importance of a 
metric or to simply 
measure what has 
been measured in the 
past (Hammer, 2007) 

If the SMEs only 
encouraged the senior 
engineering students to 
simply measure what had 
been measured in the 
past, then the mistake of 
laziness may have been 
made.   

Frivolity failure to design 
a tool to track 
the root causes 
of problems 
(Hammer, 
2007) 

Frivolity is a mistake that may have been a 
responsibility more for the SMEs than for 
the senior engineering students.  
Ultimately, the goal was to have a fully 
functional dashboard designed for the 
delivery company.  Due to limitations from 
confidentiality constraints, the senior 
engineering students may not have been 
the best choice of dashboard designers for 
the major delivery company. 
 

Table 28. Hammer’s seven mistakes within this study’s dashboard.  



 

The computer-based performance dashboard is visual medium, as demonstrated 

by the fact that so many participants responded to open-ended questions with 

comments regarding Visual Clarity.  However, sound can be incorporated, 

particularly for warnings, reminders and alarms.  In response to Wallen & 

Mulloy’s (2006) recommendation that WBTs (Web-Based Training programs) 

incorporate audio narration, future research could include a study that more 

readily identifies user preferences in terms of dashboard visual clarity and sound.   

 

Contributions 

This study provides categories and sub-categories that users will identify when 

rating the usability of a dashboard.  The thematic content analyses provided 

herein would be an adequate guide for potential and current dashboard 

designers.   

 

Although computer-based performance dashboards are intended to be controlled 

by their users, who then decide when and how to display information, there is no 

specific consensus on what options or what limitations must be applied to the 

users’ control.  This is particularly evident in participants’ various approaches to 

the dashboard.  For example, some participants prefer a multitude of drilldown 

options, whereas others feel lost or overwhelmed with too many drilldown 

options.   
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As mentioned earlier, few computer-based performance dashboard usability 

studies currently exist.  It is ironic that the dashboard technology can be so far 

reaching and dispersed throughout various industries, yet little thought has been 

given to the design process or the user interface of dashboards.  In contrast to 

the notification system, which operates on the Interrupt/React/Comprehend 

model, dashboards do not seem to have a cohesive model of operation.  There 

must be a consensus on the specifics of when and how dashboards display 

information.  However, before there is a consensus on the model of dashboard 

operation, both users and designers alike will experience problems interacting 

with computer-based performance dashboards.  
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Appendices 

Appendix A. VARK Questionnaire 
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Appendix B. Computer Experience Categorization Tool  
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Appendix C. After-task Questionnaire 
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Appendix D. Open-ended Questionnaire 

 

 

 

 

 

 112



 

Appendix E. Latin Square 

A Latin square was used to determine trial order (Table 29).  Each role was given 

an abbreviation, and each task was numbered.  For example, the first participant 

would complete tasks 1, 2 and 3 for the Human Resources role (HR1, HR2 and 

HR3), complete tasks 3, 1 and 2 for the Facilitator role (F3, F1 and F2) and so 

on.  The remaining abbreviations were DD (Delivery Driver), RM (Regional 

Manager) and DM (District Manager).     

 

Table 29. Final Latin square for trial order.  

Pa
rt

ic
ip

an
t 

Ta
sk

 1
 

Ta
sk

 2
 

Ta
sk

 3
 

Ta
sk

 4
 

Ta
sk

 5
 

Ta
sk

 6
 

Ta
sk

 7
 

Ta
sk

 8
 

Ta
sk

 9
 

Ta
sk

 1
0 

Ta
sk

 1
1 

Ta
sk

 1
2 

Ta
sk

 1
3 

Ta
sk

 1
4 

Ta
sk

 1
5 

101 HR1 HR2 HR3 F3 F1 F2 DD2 DD3 DD1 RM1 RM2 RM3 DM3 DM1 DM2 
102 F1 F2 F3 DD3 DD1 DD2 RM2 RM3 RM1 DM1 DM2 DM3 HR3 HR1 HR2 
103 DD1 DD2 DD3 RM3 RM1 RM2 DM2 DM3 DM1 HR1 HR2 HR3 F3 F1 F2 
104 RM1 RM2 RM3 DM3 DM1 DM2 HR2 HR3 HR1 F1 F2 F3 DD3 DD1 DD2 
105 DM1 DM2 DM3 HR3 HR1 HR2 F2 F3 F1 DD1 DD2 DD3 RM3 RM1 RM2 
106 HR2 HR3 HR1 F1 F2 F3 DD3 DD1 DD2 RM2 RM3 RM1 DM1 DM2 DM3 
107 F2 F3 F1 DD1 DD2 DD3 RM3 RM1 RM2 DM2 DM3 DM1 HR1 HR2 HR3 
108 DD2 DD3 DD1 RM1 RM2 RM3 DM3 DM1 DM2 HR2 HR3 HR1 F1 F2 F3 
109 RM2 RM3 RM1 DM1 DM2 DM3 HR3 HR1 HR2 F2 F3 F1 DD1 DD2 DD3 
110 DM2 DM3 DM1 HR1 HR2 HR3 F3 F1 F2 DD2 DD3 DD1 RM1 RM2 RM3 
111 HR3 HR1 HR2 F2 F3 F1 DD1 DD2 DD3 RM3 RM1 RM2 DM2 DM3 DM1 
112 F3 F1 F2 DD2 DD3 DD1 RM1 RM2 RM3 DM3 DM1 DM2 HR2 HR3 HR1 
113 DD3 DD1 DD2 RM2 RM3 RM1 DM1 DM2 DM3 HR3 HR1 HR2 F2 F3 F1 
114 RM3 RM1 RM2 DM2 DM3 DM1 HR1 HR2 HR3 F3 F1 F2 DD2 DD3 DD1 
115 DM3 DM1 DM2 HR2 HR3 HR1 F1 F2 F3 DD3 DD1 DD2 RM2 RM3 RM1 
116 HR1 HR3 HR2 F2 F1 F3 DD3 DD2 DD1 RM1 RM3 RM2 DM2 DM1 DM3 
117 F1 F3 F2 DD2 DD1 DD3 RM3 RM2 RM1 DM1 DM3 DM2 HR2 HR1 HR3 
118 DD1 DD3 DD2 RM2 RM1 RM3 DM3 DM2 DM1 HR1 HR3 HR2 F2 F1 F3 
119 RM1 RM3 RM2 DM2 DM1 DM3 HR3 HR2 HR1 F1 F3 F2 DD2 DD1 DD3 
120 DM1 DM3 DM2 HR2 HR1 HR3 F3 F2 F1 DD1 DD3 DD2 RM2 RM1 RM3 
121 HR2 HR1 HR3 F3 F2 F1 DD1 DD3 DD2 RM2 RM1 RM3 DM3 DM2 DM1 
122 F2 F1 F3 DD3 DD2 DD1 RM1 RM3 RM2 DM2 DM1 DM3 HR3 HR2 HR1 
123 DD2 DD1 DD3 RM3 RM2 RM1 DM1 DM3 DM2 HR2 HR1 HR3 F3 F2 F1 
901 RM2 RM1 RM3 DM3 DM2 DM1 HR1 HR3 HR2 F2 F1 F3 DD3 DD2 DD1 
902 DM2 DM1 DM3 HR3 HR2 HR1 F1 F3 F2 DD2 DD1 DD3 RM3 RM2 RM1 
903 HR3 HR2 HR1 F1 F3 F2 DD2 DD1 DD3 RM3 RM2 RM1 DM1 DM3 DM2 
904 F3 F2 F1 DD1 DD3 DD2 RM2 RM1 RM3 DM3 DM2 DM1 HR1 HR3 HR2 
905 DD3 DD2 DD1 RM1 RM3 RM2 DM2 DM1 DM3 HR3 HR2 HR1 F1 F3 F2 
906 RM3 RM2 RM1 DM1 DM3 DM2 HR2 HR1 HR3 F3 F2 F1 DD1 DD3 DD2 
907 DM3 DM2 DM1 HR1 HR3 HR2 F2 F1 F3 DD3 DD2 DD1 RM1 RM3 RM2 
908 DD1 DD2 DD3 F3 F1 F2 HR2 HR3 HR1 DM1 DM2 DM3 RM3 RM1 RM2 
909 F1 F2 F3 HR3 HR1 HR2 DM2 DM3 DM1 RM1 RM2 RM3 DD3 DD1 DD2 
910 HR1 HR2 HR3 DM3 DM1 DM2 RM2 RM3 RM1 DD1 DD2 DD3 F3 F1 F2 
911 DM2 DM3 DM1 RM1 RM2 RM3 DD3 DD1 DD2 F2 F3 F1 HR1 HR2 HR3 
912 RM2 RM3 RM1 DD1 DD2 DD3 F3 F1 F2 HR2 HR3 HR1 DM1 DM2 DM3 
913 DD2 DD3 DD1 F1 F2 F3 HR3 HR1 HR2 DM2 DM3 DM1 RM1 RM2 RM3 
914 F2 F3 F1 HR1 HR2 HR3 DM3 DM1 DM2 RM2 RM3 RM1 DD1 DD2 DD3 
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Appendix F. Demographic Information Survey 
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Appendix G. 15 Tasks 

Human Resources 
HR1. Where does the lowest rate of turnover occur?  Central Penn.
 
HR2. At what point in the training program do new employees most often leave or quit 
their jobs?  During the Workshop stage.   
 
HR3. How far is Joey Candidate in his training program?  Post Workshop Stage.   
 
DD 
DD1. What is the training aspect in which you are doing the best?  EXPLORE (100%).     
 
DD2. According to the company, what is the minimum score that you should obtain for 
any given test or assignment?  90%.  
 
DD3. When learning to use the DIAD, on which day did you do the worst?  Day 2 (82%).  
 
Facilitator 
F1. Overall, in which aspect of the training program are new employees doing the best?  
Driver Drill, S&V or EXPLORE (Both have 5 incorrect responses on Aggregate Scores.)     
 
F2. During the week, when did new employees do better in Driving Experience training?  
Day 1 (8 incorrect responses versus 10 on Day 2).    
 
F3. Which trainees performed poorly in Package Handling training?  DD Candidates 3, 
7, 9 and 11.   
  
District Manager  
DM1. In the second week of March, how many deliveries were skipped?  1/1432 
packages were missed for the week of March 10th.    
 
DM2. In the Metro DC area, how many new employees have finished their entire training 
program?  8 have completed the post-workshop phase.   
 
DM3. How can you contact Jon Doe?  By email (johndoe@hnd.com).
 
Regional Manager 
RM1. You are reviewing information for the Metro D.C. area during the first quarter.  You 
wonder which month in this quarter had the worst rating for employees leaving or quitting 
their jobs.  The worst month is <BLANK>.  February. 
 
RM2. What are the two basic reasons for why employees are leaving or quitting their 
jobs?  Personal decisions and work decisions.   
 
RM3. What are the 3-letter stock exchange abbreviations for the three companies that 
are currently being tracked?  HND, FOX and CNW.
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