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ABSTRACT 

The velocious evolution of technology has applied great pressure on educational 

institutions to transform curriculum delivery systems and provide innovative tools to 

accelerate closing the academic achievement gap (Maddux & Johnson, 2011a).  Essential 

to understanding the critical factors that create achievement gaps is the understanding that 

students are different from each other.  Instructional focus must shift to personalized 

instruction by individualizing the learning experience and tapping into the intrinsic 

motivation every child has to learn (C. Johnson, 2014).  At the forefront of this change is 

technology innovation using tablet technology.  Successful implementation of 

instructional technology has been difficult because many educational institutions are 

stuck in the industrial era and are reactionary in the adoption of meaningful technology 

(Soloway, 1993).  The result is frivolous spending on fads that have negligible impact on 

learning (Bloom, 1981; Haswell, 1993).   

This study examined the effect that tablet technology has on academic 

engagement.  In this study the impact that tablet technology has on the various phases of 

the lesson cycle was examined by investigating the perceptions of elementary and 

middles school teachers.  By examining the implementation of tablet technology at the 

various phases of the lesson cycle, this study has identified the effects that tablet 

technology has on student motivation. 

A qualitative cross-sectional survey research design was used.  The subjects were 

elementary and middle school teachers in a large suburban southeast Texas school district 
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that incorporated tablet technology into the various phases of a lesson.  Each of the 

fourteen survey questions, using Likert scale responses, yielded quantitative data and 

were examined using descriptive statistics, including mean, median, mode, standard 

deviations and frequencies. 

The results of this study suggest that there is a strong relationship  

(μ = 4.53, σ = 0.73) between Tablet Technology and academic engagement as perceived 

by elementary and middle school teachers.  Each of the seven dimensions of the Lesson 

Design model supported these findings with means ranging from 3.61 to 4.25 and 

standard deviations ranging from 0.78 to 1.13.  Teacher perceptions regarding the impact 

of Tablet Technology on student motivation yielded means ranging from 3.19 to 4.32 and 

standard deviations ranging from 0.73 to 1.25.  Evaluation of these statistics strongly 

suggests that there is a relationship between tablet technology and student motivation. 
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Chapter I 

Context of the problem 

As advancements in technology continuously evolve, they impact the culture, 

growth and development of society.  This process of perpetual evolution applies great 

pressure on educational systems that are mired in tradition and grounded in financial 

conservatism.  As guardians of human growth and development, educators are tasked 

with implementing sound, researched based strategies and tested program systems and 

strategies.  Yet, any skilled observer could examine any ten year historical span and 

conclude that this conclusion is erroneous (Maddux, 2003).  

 The field of education is subject to fad and fashion (Maddux & Johnson, 2011b).  

It has been suggested by some authors (Bloom, 1981; Haswell, 1993) that the progress in 

education is nothing more than lurching from one fad to the next.  In program 

development we often seek out of favor paradigms recycled by repackaging them with 

new names and terms.  With technology each new innovative device obsolesces a 

generation of technology that is thus made available for innovation and redesign in future 

devices (McLuhan, 1964).  Educators respond to external forces and lunge into 

technology waters that have not researched or evaluated the effect of the technology on 

education.  

 There is a reactionary response as a result of how the technology has gained 

momentum in our culture.  The technology or innovation gains the fad recognition 

because it is abandoned, never fully implemented, or not given enough time to really 

succeed.  In technology, fad life cycles are extremely short, and research is not afforded 

the time necessary to establish efficacy one way or another (Maddux & Johnson, 2011a).  
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There is pressure to include the innovations within the educational framework.  Educators 

must be sensitive to cultural momentum and its impact on educational innovation 

(Maddux & Johnson, 2011b).  Identifying technology innovation early will provide 

educators the lead time required for evaluating its potential impact and possible 

deficiencies when applied to education.  The cost effective approach to technology 

integration is to know in advance which technology or innovation will positively impact 

education and survive the initial adoption (Maddux & Johnson, 2011b).  An effective 

decision requires research before adoption.  

Research completed by Pew Research found 84% of all adults in the United States 

own a mobile device and that more than 31% of all U.S. adults use a mobile device to log 

onto the Internet (Purcell, Rainie, Rosenstiel, & Mitchell, 2011).  Intel, a major computer 

microprocessor manufacturer, has announced that it has shifted its manufacturing strategy 

away from large Personal Computers in favor of smaller mobile devices, such as tablets 

and micro products.  Smaller mobile handheld devices continue to gain cultural 

momentum.  A well-educated citizen is being defined as one who can use these devices to 

locate information, integrate data, and communicate with others.  The inevitable result is 

that gaming, social networking, and mobile-handheld devices will find their way into 

educational programs.  

Statement of the problem 

The speed at which innovative technology is developed is faster than the reaction 

time needed by educational institutions to react and implement new programs.  It is 

currently not feasible, nor responsible, for educators to respond covetously to all 

technological innovations. 
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Capital expenditures have a depreciative life cycle.  The cost of capital 

expenditures is spread out over the life of the asset.  Responsible organizations will 

maximize the life of an asset and thus reduce the cost to the organization.  Innovative 

technology, that typically has reduced life cycles, places great pressure on this model. 

When personal computers first made their debuts in the mid 80’s, they were 

evaluated and assigned a life expectance of seven years.  Four years into the life cycle, it 

became apparent that this assessment was overly optimistic.  However, reducing the life 

expectancy of these assets places a financial burden on the organizational structure.  As 

innovative technology continues to evolve at an increasing rate, there is even greater 

pressure to reduce the life cycles of technology assets. 

The Apple iPad is a fitting example of rapid development.  The Apple iPad 

version 1.0 was introduced on April 3, 2010.  In the following year the iPad v1.0 had 3 

major upgrades.  This product was discontinued, as end of life, Apple stopped marketing, 

selling, or sustaining it, on April 2, 2011.  The iPad v2.0 was released on March 11, 2011 

and was discontinued on March 7, 2012.  The “new iPad,” 3rd generation, was released on 

March 16, 2012 and sold three million units in the first three days.  The unbelievable 

development and deployment of the iPad accentuates the need for educational 

organizations to make well informed, sound, and grounded decisions.  A bad decision is 

an expensive miscalculation. 

With the accelerated pace of technology advancements, researchers have not kept 

pace.  Research takes time to plan, develop, implement, interpret, and evaluate.  It can 

take longer to implement educational research on a technology platform than the full life 
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expectancy of a single generation of a product.  Educational institutions must find ways 

to quickly evaluate cutting edge technology. 

At the fore font of innovation is the tablet technology platform.  Educators must 

evaluate the implementation of this technology.  What are the costs and benefits?  Does 

this new technology positively impact cognitive growth?  How does it affect academic 

achievement? 

In this study focus was placed on the effect that tablet technology has on 

academic engagement.  What impact does the use of tablet technology have on the 

various phases of the lesson design?  By examining the perceptions of elementary and 

middle school teachers that have incorporated tablet technology into various phases of the 

lesson design, this study attempts to identify the impact tablet technology has on student 

academic engagement.  If there is an effect, either negative or positive, can motivational 

design provide an explanation that can account for this effect?   

Significance of the study 

Education is an historic behemoth that is founded in tradition and structure.  As 

society changes, educational systems slowly evolve into tools to meet the new needs of 

the era.  Over the past decade, technology has accelerated societal change; unfortunately 

our educational systems react slowly and have not kept pace.  We now find ourselves in a 

true dilemma. 

Schools are tasked with preparing citizens to enter society with the skills 

necessary to contribute to the community and local economy.  In the agrarian era the 

schools were tasked with educating students about horticulture, agriculture and 

husbandry.  In the industrial era schools were structured to teach manufacturing and trade 
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skill.  We are now in the information era, and we must educate our students with the 

skills necessary to be productive in this new information economy.  The problem is that 

many educational institutions are stuck in the industrial era, and those factory jobs no 

longer exist (Soloway, 1993).   

We have entered a new age, the information age.  Our children have become 

Generation C.  They are the generation of information consumption.  The quantity of 

information is exceedingly vast, and continues to grow exponentially; it is imperative that 

our youth learn information processing skills.  Our existing educational tools and 

infrastructure is out dated.  We must re-craft a new educational infrastructure that 

supports children in this new era (Soloway, 1993). 

As school districts approach annual technology expenditure decisions, guidance is 

required as to the most effective use of limited resources.  School districts will always be 

scrutinized for capital expenditures.  Capital expenditures that secure innovative 

technology should be considered within the context of qualitative research.  This study 

will provide a foundation for acquisition decisions for tablet technology. 

Purpose of the study 

The purpose of this study is to determine if the use of tablet technology by 

elementary and middle school grade students, at various focal points in a lesson designed 

and implemented with tablet technology, has a positive or negative influence on 

academic engagement as measured by elementary and middle school teacher perceptions.  

Teacher attitudes and preferences were examined and evaluated to help shape tablet 

research findings into recommendations.  Academic engagement levels were compared 

holistically and at seven focal points within a lesson designed to implement tablet 
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technology.  Comparisons and preferences were analyzed using the four-factor 

motivational framework of the ARCS motivational model.  The motivational elements of 

incentive, instructional design, collaboration, differentiation, support, academic 

engagement and student behavior management were used to examine the strategies, 

principals and processes that tablet technology utilizes to stimulate learning.  The results 

of this study will help administrators understand the impact of tablet technology on 

academic engagement, identify the motivational exemplar that are supported by tablet 

technology, and support students, teachers, and institutions in the transformation towards 

tablet technology delivery systems. 

Research Questions 

Given the purpose of this study is to (a) examine the perceptions of elementary 

and middle school teachers with regards to the implementation of tablet technology as a 

vehicle for classroom instruction and learning and to (b) examine the impact of tablet 

technology on student motivation by investigating motivational constructs at selected 

focal points in lesson design, the following two questions were investigated in this 

research study. 

1.  Do elementary and middle school students show excitement and enthusiasm 

towards academics when using tablet technology as measured by teacher perceptions in 

classrooms utilizing tablet technology? 

2.  How does the implementation of tablet technology influence the motivational 

behavior of elementary and middle school students regarding academic engagement as 

measured by the perceptions of elementary and middle school teachers?   
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The infusion of tablet technology into society has forced educational institutions 

to recognize the impact this technology is having on communities and the need to 

examine its role and impact on education.  The use of computer technology in our 

educational system is not new.  While the planning process and asset acquisition process 

for technology is in place for most school districts, identifying the appropriate technology 

and formulating recommendations for capital expenditures is not always supported by 

research.  Because tablet technology is new technology and external factors are 

clamoring for its inclusion in the educational process, it has been embraced and 

implemented by many school districts.  While the early results and reports are positive, 

there is little research to support the tablet technology acquisition and implementation.  

As school districts examine their ordinary replacement cycle, as the school district 

replace ageing technology with current technology, research and guidance is needed that 

supports the equipment decision making process.  

Because the switch from desktop PC’s and laptops to tablet PC’s is a paradigm 

shift for most school districts, it necessitates examination and review.  In the past three 

years we have seen the introduction of the iPad and Android tablets.  Most recently, 

Microsoft has entered the market with a competing product.  The advent of this new 

technology and its impact on education is screaming with questions.  

Some argue that the educational solution is tied to the availability of applications 

on the given platform.  Others believe that the success of tablet technology will be tied to 

the access provided by the device to the cloud.  Ultimately the success of these devices in 

education will be measured by the user interface and the usability of the device to easily 

complete the problem solving task.  Each platform will have advantages and 
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disadvantages.  But what are these benefits and restrictions?  What are the opinions of the 

teachers and students that will be using this technology?  Does the innovative technology 

enhance the learning process?  Where in lesson design does it excel and have an impact?  

Where in lesson design does the use of tablet technology fail to achieve its desired goals 

and fall short of expectation? 

More importantly, how do these devices impact student performance?  Is it 

possible that this technology actually gets in the way of learning?  Does the technology 

require more time to learn concepts?  On the other hand, does the technology enhance the 

learning experience, thus increasing understanding and retention?  Is the technology a 

modern tool that improves student engagement?  Where will this technology take us?  Is 

it another fad that school districts feel pressured to implement at a very high tax payer 

cost?  Will school districts get a big bang for their buck? 

There is a plethora of questions.  It would be an overwhelming task to attempt to 

answer all the questions.  The technology is so new.  The current research is in its 

infancy.  This study only examines a small slice of the impact that mobile technology has 

on education.  This study examines the surveyed opinions of teachers on the use of tablet 

technology on learning and lesson design.  This study also investigates the perceptions of 

teachers on tablet technology and their impact and influence on student motivation and 

academic engagement. 

Methodology 

Research Design: 

The research method implemented for this quantitative study is a cross-sectional 

survey. 
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The research questions considered in the study require examining the perceptions 

of elementary and middle school teachers.  Elementary and middle school teachers create 

non-manipulated classification independent variables.  By studying the impact of tablet 

technology on student engagement, the phases of lesson design are used to create 

dependent variables.  The implementation of a cross-sectional survey to measure teacher 

perceptions, using Likert scale measurements, creates quantitative data that was collected 

and analyzed.  Therefore, a qualitative study using quantitative measures was conducted.  

Specifically, a post-test cross-sectional survey design was utilized.  Comparisons of 

teacher perceptions on the impact of tablet technology at various phases in the lesson 

were made from survey results gathered from elementary and middle school teachers that 

implemented tablet technology teaching strategies in the 2013-2014 school term.   

Research Paradigm: 

 

 

Where: 

R1 → A sample of elementary and middle teachers was selected that includes all 

teachers implementing tablet technology in a lesson from ten schools of a large suburban 

school district.  

X → Tablet technology is used to facilitate student engagement at selected 

phases of lesson design. 

S1 → Using a Likert scale, a cross-sectional survey was administered to the 

teacher sample to measure perceptions about the effect of tablet technology on student 

engagement and motivation. 

            R1           X           S1 

 
                           T 
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T → The time interval for teachers to implement a tablet technology lesson was 

one academic school year. 

Variables: 

The independent variables in this study are grade level assignment, subject matter 

assignment, age, gender, ethnicity, and years of teaching experience of the teachers 

completing the survey.  The treatment being studied in this research is the 

implementation of tablet technology being used to facilitate student engagement at 

various phases of the lesson cycle, as perceived by teachers.  The dependent variables are 

the various phases of lesson design, including: holistic, before the lesson, during the 

lesson, while checking for understanding, during reinforcement and synthesis, while 

concluding and summarizing the lesson, after the lesson, and supplemental to the lesson. 

Data Analysis Procedure: 

The instrument used to measure student engagement, a cross-sectional survey, 

generated ordinal.  A Spearman’s rank correlation was used to determine the relationship 

among the ordinal scale data and normal statistical measures of central tendency.  Normal 

distributions were created and used to examine the relationship between lesson phases.   

The data analysis process began with data validation to ensure that the surveys are 

completed and present consistent data.  Data coding was followed by converting raw 

survey data into codified nominal data and Chi-square tests were applied to the dependent 

variables.   

Standardized statistical tests were applied to the normalized data and included 

computing the portion of variables and standard errors.  
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Sample: 

The population of this study includes 890 elementary and middle school teachers 

who are members of a large suburban district in southeast Texas.  Elementary and middle 

school students received classroom instruction from teachers using tablet technology as a 

means to engage students at various phases of a lesson.  

At the beginning of the 2013-2014 school year, teachers were chosen to receive 

various forms of tablet technology, and students were randomly assigned to these 

teachers.  All students enrolled in these schools had an equal chance of being assigned to 

a teacher implementing tablet technology.  The random assignment of students to the 

teachers was completed by the district.  The district made tablets available to all teachers 

within the selected schools by implementing a registration check-out process.  Teachers 

that chose to implement the tablet technology in their lessons reserved the tablet 

technology.  The tablet technology was subsequently used in the regular course of 

classroom instruction and at various phases of the lesson. 

Due to random selection of the students that participated in the study, the factors 

of gender, ethnicity and socio-economic status will not be specifically addressed because 

the target elementary school will be large enough to include samples of all groups.   To 

ensure validity of the sample populations and collected data, demographics was collected 

from the teacher respondents and examined as independent variables.  As a result, the 

findings of the study can be generalized to a large population of elementary school 

students. 

There were 270 respondents to the survey, of which 157 (18%) met the criteria of 

consenting to the study and having used tablet technology to present a lesson. 
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Definition of Terms: 

For the purposes of this study, the following operational terms and descriptions 

were employed: 

Tablet  → A portable content delivery computer system that uses a styles or 

gesture technology and does not use a keyboard. This would include iPad, Android, 

Surface, and other tablet form factor PC’s. 

Student Engagement  → A myriad of interpretations about the meaning of Student 

Engagement have evolved over time.  The earliest translation of Student engagement was 

simply the positive effects created from time on task (Tyler, 1970).  This was followed by 

measuring the quality of student effort (Pace, 1980) and the level of student involvement 

(Astin, 1984).  Subsequent variant explanations addressed scores of various dimensions 

of effort and their relationship to numerous desired outcomes (G. D. Kuh, Schuh, Whitt, 

& Associates, 1991; Pascarella & Terenzini, 2005).  Today Student Engagement, and for 

the purposes of this study, is identified as a student’s participation or involvement in the 

learning process (George D. Kuh, 2009).    

Academic Achievement  → As with student engagement, the definition of 

Academic Achievement fluctuates among educators.  There is, however, agreement that 

Academic Achievement is a measurement of the intellectual performance and growth of a 

student (Cuseo, n.d.).  Academic achievement involves some quantity of cognitive 

development that is the result of the processing mechanism of the mind and is the direct 

result of genetic programming, maturation, and experience (Adey, Shayer, & Shayer, 

2006).  This study recognizes academic achievement as related behaviors and attitudes 

that support the cognitive growth of a student. 
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Academic Engagement  → Academic Engagement is an educational construct that 

has evolved from the need to examine the impact of social and motivational factors that 

lead to the academic performance of students (Al-Hendawi, 2012).  The Government of 

Canada (“Definition of ‘Academic engagement,’” 2011) has identified Academic 

Engagement as a construct that combines the attitudes and behaviors that lead to 

cognitive growth.  Academically engaged students take pride in understanding the 

concepts, an attitudinal constraint, and incorporate action to master the concept, a 

behavioral constraint (Newmann, 1992).  For this study the operative word ”excitement” 

represents the attitudinal factor of Academic Engagement and the operative word 

“enthusiasm” represents the behavioral factor of Academic Engagement 

Lesson Design   → Effective Lesson Design is the process of developing and 

crafting lessons that effectively implement strategies, activities and resources to 

cognitively engage students in the learning process (Froelich, 2009).  Effective lesson 

design focuses on balancing student centered activities and extended students cognitive 

processes of analyzing, reasoning and extension of understanding (Froelich, 2009).  

Successful lesson design utilizes varied strategies at different phases of the learning 

process (Gagel, 2005).  The following lesson design phases were considered and 

examined in this study. 

a) Before the Lesson – Creative introductions that stimulate interest, encourage 

thinking and prepare students for the learning process. 

b) During the Lesson – Primary instructional strategy and learning activities 

designed to deliver the primary content of the learning objectives. 
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c) During Checking for Understanding – Checking for Understanding is the 

overt teacher action of verifying that students have attained, or the level to 

which they have attained, mastery of the learning objectives.  This phase 

includes the teaching strategy of guided practice. 

d) During Reinforcement and Synthesis – Learning opportunities and strategies 

that provide the student activities to develop proficiency, fluency, and 

comprehension without the presence of a teacher occur during the 

Reinforcement and Synthesis phase of lesson design.  This phase includes the 

teaching strategy of independent practice. 

e) Concluding and Summarizing the Lesson – The Concluding and Summarizing 

phase of lesson design is comprised of activities that review and clarify the 

learning objectives, tie the learning concepts together into coherent 

conclusions, and provide the context and relevance to encourage synthesis. 

f) After the Lesson – Lesson design activities that occur in the After the Lesson 

phase are designed to address academic deficiencies and remediate un-

mastered skills.  This phase includes re-teaching the learning objectives and 

providing alternative learning activities.  

g) Supplement to the Lesson – The Supplement to the Lesson phase includes 

activities that encourage the student to make deeper connections to the 

learning objectives.  Students are challenged to strive for personal growth 

beyond the learning objectives.  This phase includes supplement, enrichment, 

and extended learning activities. 
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Motivational Design → The primary focus of Motivational Design is the 

motivational best practices, strategies, principles, and processes that bring about an 

increased desire to learn in the student (Keller, 2006).  By arranging, managing, and 

modifying resources and procedures it is possible to implement strategies, principles, and 

process that increase the efficiency and effectiveness of instruction (Keller, 2006).  

Motivational design is the instructional design practice of creating instructional systems 

that effectively inspire students to learn (Keller, 2006).  The motivational design 

examined in this research study is the ARCS Motivational model.  The ARCS 

Motivational model is comprised of four factors; attention, relevance, confidence and 

satisfaction. 

a) Attention – Attention is the motivational factor of directing a learner’s 

concentration and awareness to the appropriate stimuli.  The key is to not 

simply acquire attention, but to maintain it through the entire learning process 

(Keller, 1987). 

b) Relevance – Relevance is the motivational factor that ties the learning content 

and process to the learners’ interests and goals.  Relevance can be achieved by 

relating the learning objectives to the learners’ personal goals, worth, and 

future usefulness.  It is important to attach the current learning to existing 

needs, experiences, and personal priorities (Keller, 1987). 

c) Confidence – The third motivational factor, Confidence, is a behavioral 

characteristic that drives learners to persist through difficult and complicated 

learning activities.  Fear of failure creates a defense and avoidance mechanism 

that terminates the learning process.  Confidence building strategies create 
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impressions in the learner that they have control of their destiny, can be 

successful, and that the level of effort that they exerted will determine their 

level of achievement (Keller, 1987). 

d) Satisfaction – The Satisfaction factor incorporates a system of expectations 

and rewards that stimulate students to feel good about their accomplishments.  

Students will be motivated when they perceive that their efforts will produce 

the expected rewards and outcomes (Keller, 1987). 

Limitations of the study 

The following are considered as limitations of this study: 

There is no control over the curriculum being instructed or the instructional 

materials being used. 

The data are archival data and were collected using a survey administered by the 

school district. 

Delimitations of the Study 

The following are considered as delimitations of the study: 

The study is limited to the teacher perception about tablet devices from those 

teachers that used the tablet devices as an attempt to increase student engagement.  

The study examined data from the school year 2013-2014. 

Data was collected using data software administered through the district. 

Organization of the Remaining Chapters 

The remainder of the study will be organized into four additional chapters. 
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Chapter II reviews the literature pertinent to the problem, presents a summary of 

selected research on tablet computers, and examines the question of academic 

engagement and motivation as it pertains to tablet computers. 

The procedures and methodology are delineated in Chapter III. 

Findings of the statistical analysis are presented and described in Chapter IV. 

Chapter V contains the summary, conclusions, and recommendations of the 

dissertation. 

 



 
 

 

Chapter II  

Historical Perspective 

References to Educational technology can be found in the early 1900s.  In fact we 

can see the foundation and roots of this delivery system appear as early audiovisual 

devices.  The evolution of Educational Technology for non-educators has focused on 

hardware and media advancements.  Most individuals would define Instructional 

Technology as computers, videos, CD-ROMS, flash drives, overhead and slide 

projectors, internet access, smart boards and other types of hardware associated with the 

term instructional media (Reiser, 2001a; Reiser & Ely, 1997).  However, the Educational 

Technology practitioner would see this view of technology as narrow and naive.  These 

forms of technology media are the tools that are used by educators to achieve increased 

performance and learning success.  Instructional Design and Technology (IDT) has 

emerged as the term (Reiser, 2001a) that encompasses both the physical media and the 

educational paradigms that use the media to effect student achievement. 

Historically Instructional Design and Technology is broken into six categories: 

analysis, design, development, implementation, evaluation, and management (Reiser, 

2001a, 2001b).  Performance technology is the vehicle used to deliver measurable 

outcomes from the Instructional Design and Technology theoretical base.  The primary 

practice used by performance technology includes the use of media for instructional 

purposes coupled with cogent instructional design (Reiser, 2001b).  In this context, the 

term media is used  to encompass the tangible equipment and components (Evans, 1986) 

that comprise the physical delivery system for Instructional Technology by which 

instruction is delivered to learners (Reiser, 2001a).  On the Instructional Design side, 
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Reiser (2001a) includes software media interfaces, intellectual design and learning 

processes.  

Using the definition that instructional media is defined as “the physical means, 

other than the teacher, chalkboard, and textbook, via which instruction is presented to the 

learner” (Reiser, 2001a, p. 55), we can trace its beginnings back to the first decade of the 

20th century (Saettler, 1968).  In these early stages of instructional media, educators 

viewed this resource as a supplementary means of instruction.  In contrast, teachers and 

textbooks were viewed as authorities and the primary instructional delivery system 

(Reiser, 2001a).  Technological resources were housed in the library and teachers 

determined which, if any, instructional media was incorporated into their lessons.     

In instructional media’s infancy, school libraries stored films, slides, film strips 

and pictures.  This form of visual media gave rise to “visual instruction” or “visual 

education” (Reiser, 2001a).  In 1910 the public school system of Rochester, NY, 

integrated films into regular classroom curriculum.  In 1913, Thomas Edison proclaimed: 

"Books will soon be obsolete in the schools .... It is possible to teach every branch of 

human knowledge with the motion picture.  Our school system will be completely 

changed in the next ten years" (Saettler, 1968, p. 98).   

Thomas Edison’s ten year prediction did not come true but we did see the 

emergence of the next technological advancement, sound.  With radio broadcasting, 

sound recordings, and sound motion picture technology emerging, schools adopted 

audiovisual instructional curriculums.  According to Saettler (1990), one of the 

significant events of this time period was the creation of the Department of Visual 

Instruction (DVI).  While this organization was renamed Association for Educational 
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Communications and Technology (AECT), it has continued to maintain a leadership role 

in the area of instructional design and technology.  The predominant media that emerged 

out of this era was the radio, and like the motion picture, it was predicted that radios 

would be as common as textbooks (Reiser, 2001a).  In reality the radio has had very little 

impact on education. 

The audiovisual movement had its greatest effect on the military.  During World 

War II Americans perfected the art of training films.  During the war training films 

helped America to maintain a steady supply of skilled soldiers and create a quality 

civilian work force (Reiser, 2001a).  This new interesting technology was fun and 

reduced the amount of training time (Saettler, 1968).  The result was less absenteeism 

(Saettler, 1968) and greater proficiency.   

After the war audiovisual media began to work its way into school systems.  As a 

part of the movement, researchers began examining the effects of the media on student 

achievement.  Most research compared student achievement between lessons presented 

using film, radio, television, or the computer and lessons presented with real person 

instruction.  Studies of this type concluded that students learn equally well with either 

delivery system (Clark, 1983, 1994; Schramm & Stanford Univ., 1973).   

The proponents of Technology Media integration inferred that these studies were 

flawed.  According to Reiser (2001a), critics suggested instead that studies should focus 

on the attributes and benefits of media.  From what we learned from the effect of training 

films on achievement, others argued a need to examine how the media influences 

learning (Kozma, 1991, 1994; Kozma & Johnston, 1991).  Holding true to the evolution 

of Technology Media maturing into Instructional Design and Technology, research must 
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focus on the instructional methods rather than on the media delivery system (Clark, 1983, 

1991, 1994). 

In the 1950’s there was a body of research and studies conducted that focused on 

the communication process.  The theories that emerged described a process that 

contained a sender, receiver, and a message that traveled through a media.  The body of 

knowledge that we received from these models was that it is equally important to focus 

on the elements of the communication process, as it is to focus on the media (Kozma, 

1994).  This further supports the ties between Instructional design, the message, and 

Instructional Technology, the media. 

In the 50’s and 60’s the introduction of the Television as a technology media 

generated a campaign of Instructional Television.  The two major contributing factors of 

this movement were: (a) the Federal Communications Commission setting aside 242 

channels for educational purposes (Blakely, 1974, 1975), and (b) the spending of more 

than $170 million on educational television by the Ford Foundation (Gordon, 1970).  At 

the time educational TV stations were promoted as the modern instructional programs 

delivery system.  When the Ford Foundation shifted its focus from instructional programs 

to public television in general and other forms of funding were suspended, school 

districts discontinued instructional television projects (Tyler, 1975, 1987).   

While the demise of instructional television can be attributed to the disappearance 

of funding, the root of the problem was much deeper.  The implementation of 

instructional television did not systematically change the educational delivery system or 

educational instruction.  Many of the programs created at this time were nothing more 

than a teacher delivering a lecture in front of a camera.  As a result, teachers resisted this 
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technology change and successfully argued that it did not positively impact student 

learning (Gordon, 1970; Tyler, 1975).  After the television, there was no new technology 

introduced into instructional education until the computer emerged in the early 70’s.  

Therefore, up until 1970 we can conclude that instructional media had a minimal impact 

on educational systems (Reiser, 2001a). 

Introduction of Computers 

Computers first appeared as instructional tools in the 1950’s.  Early developers 

and researchers at IBM created Computer-Assisted Instruction (CAI) to help educators 

with planning, equipment utilization, staff development and modular instruction packages 

(Wastler, 1969).  It was during this time that we saw the development of PLATO and 

TICCIT (Cherian & Center on Education Policy, 2009; Saettler, 1998).  PLATO is a CAI 

program that is still in use today.  In spite of all the hard work, money, effort and limited 

success, CAI had very little impact on education (Reiser, 2001a). 

With the 70’s being pretty much a wash, the 80’s saw the introduction and 

emergence of the micro-computer.  Simple economic principles prevailed.  The micro-

computer was in great demand, relatively inexpensive, in great supply and available to 

the general public.  In a relatively short period of time, 1980 to 1983, interest in using 

computers for instructional purposes spiked.  By early 1983 computers had found their 

way into 40% of all elementary schools and 75% of all secondary schools (Johns Hopkins 

Univ., 1983).  As was the case with earlier forms of innovative media, micro-computers 

were quickly embraced, erratically implemented, and predicted to push learning 

achievement to elevated levels (Papert, 1981, 1984), and by 1990 to be a one-to-one ratio 

of student to computer.   
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While the lofty goal of one-to-one was not achieved, surveys did reveal that by 

1995 schools had achieved a one-to-nine student to computer ratio.  Unfortunately the 

impact on learning was very small.  In elementary schools computers were replacing 

worksheets and being used for drill and practice.  In secondary schools computers were 

seldom used in the regular education classroom; instead computers were relegated to 

disciplines that required computer-related skills, such as computer science, word 

processing, and accounting (Becker, 1998; Radlick & New York State Education Dept., 

1995). 

Networking Technologies 

Up until this point in time, the focus on micro-computer technology was focused 

on standalone desktop machines.  In the mid-nineties micro-computers began to connect 

and communicate with each other (Kurose & Ross, 2002).  The technology of networking 

was beginning to gain momentum and the evolution of the World Wide Web had begun.   

Networking technology can be traced back to the Advanced Research Projects 

Agency (ARPA) in 1969.  This was a military research project designed to provide 

advanced communication capabilities in the event of a military attack (“Internet 

Timeline,” 2007).  While advanced satellite communication was being established 

through the military satellite communications (SATCOM) program, ground 

communication solutions continued to advance.  In 1972 researchers introduced 

electronic communication through electronic communication be combining the 

recipient’s name and the destination network address using the @ symbol; email was 

born.  In 1973 the Transmission Control Protocol/Internet Protocol (TCP/IP) was 

standardized, allowing the transfer of files across a network (“Internet Timeline,” 2007). 
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The 80’s were the evolutionary years for networking.  The term internet was first 

used in 1982.  By 1985 commercialization of the internet was beginning to pick up 

momentum.  Computer scientists, engineers, and researchers used TCP/IP to design, 

implement, and manufacture products that would interoperate.  In 1985 Quantum 

Computer Services begins to offer email, bulletin boards, news and other electronic 

information services for profit.  Quantum Computer Services would later change its name 

to America Online.  In 1989 Tim Berners-Lee of CERN (European Laboratory for 

Particle Physics) developed a new hypertext markup language (HTML) that embeds 

instructions within a document.  This new language allows for the use of graphics as an 

interface and results in the beginning of the World Wide Web (“Internet Timeline,” 

2007). 

During the eighties software developers struggled to keep pace with hardware 

engineering and design improvements.  Computers of this era were capable of much more 

than the simple graphical tasks they were performing.  The power of the technology was 

realized when computers developed the capacity to communicate with each other.  

Researchers and developers quickly realized that the full potential of technology would 

hinge on the organization and access of information.  In 1990 Peter Deutsch at McGrill 

University of Minnesota started the information revolution by introducing Archie, an 

internet indexing archive of File Transfer Protocol (FTP) sites (“Internet Timeline,” 

2007).  This was the first attempt of indexing information found in text files located on 

many geographically separated servers.    

During the following year, 1991, Gopher was created at the University of 

Minnesota.  Gopher introduced a Graphical User Interface (GUI) which provided user 
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friendly point and click navigation and became the popular search tool for several years.  

Gopher was named after the University of Minnesota mascot.  Archie and Gopher 

provided researchers and universities the modern tools to accelerate research by 

expediting dissemination of findings, discovery of logical correlations, and reducing 

duplication.  Within 2 years, Gopher increased the Internet traffic by almost 1000% 

(Dusold, 1996).  This internetwork of computers and information (Internet) was 

dominated by Universities and researchers. 

In these early years of the internet as hardware and software manufacturers 

jockeyed for market share and fought to stay profitable, compatibility between systems 

was not embraced.  The result was that shared information was unformatted plain text, 

absent of any diagrams or images.  A young graduate student at the National Center for 

Supercomputing Applications (NCSA) at the University of Illinois at Urbana-Champaign, 

by the name of Marc Andreessen, embraced this opportunity as a graduate project 

(Kale, 2014).   

Software Technologies 

As his graduate project, Marc developed a network client called mosaic that could 

maintain a documents original content and format, regardless of the hardware platform.  

Mosaic became the dominant network client for navigating the World Wide Web.  The 

combination of Tim Berners-Lee’s HTML and Marc Andreessen’s Mosaic, the World 

Wide Web (WWW) began its journey to prevail as the Internet’s preferred information 

transport protocols (Kurose & Ross, 2002).  In 1993, the year Mosaic debuted, WWW 

traffic accounted for merely 1% of all Internet traffic.   
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The following year, 1994, Marc Andreeson was recruited by Jim Clark and they 

started Netscape Communications and introduced the Netscape browser.  In April 1994 

WWW traffic from the National Science Foundation Network (NSFNET) backbone 

surpassed Gopher traffic.  From January 1994 to October 1994, WWW traffic increased 

from 269 Billion bytes to 2.152 trillion bytes, an increase of 800% in 10 months (Dusold, 

1996).  By the end of the year, business began establishing commerce sites, marketing 

firms began to implement electronic campaigns, and the White House launched 

www.whitehouse.gov.  

In 1995 the WWW explosion continued and the dot com era began.  In this first 

generation of e-commerce, business rushed to have an electronic presence and inclusion 

in search engines.  Electronic business models of Business to Consumer (B2C) and 

Business to Business (B2B) evolved and capitalized on the use of the internet 

(Osterwalder & Pigneur, 2002).  While business and consumers embraced e-commerce, 

the hardware infrastructure struggled to keep pace. 

As users flocked to the internet, companies such as CompuServ, America Online, 

and Prodigy were created and provided dial-up access to the NSFNET backbone using 

the traditional Plain Old Telephone System (POTS).  Software and networking protocols 

struggled with the volume, increased system demands and security.  Java, the most 

popular programming language with 18% market share (DuPaul, 2013), was released.  

Java provided the tools needed to program connections between two computers over a 

public network with the required security needed for e-commerce.  The internet had 

gained so much popularity by the fall of 1995 that the Vatican launched its own website, 

www.vatican.va. 
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The growth of the internet in the mid ninety’s expanded internationally.  In 1996 

approximately 45 million people from around the world were using the internet (“Internet 

Timeline,” 2007).  In the U.S. there were 43.2 million homes (44%) with computers and 

14 million internet connections (“Internet Timeline,” 2007).  On July 8, 1997 the Mars 

Pathfinder challenged NASA Web engineers with a combined 47 million hits in one day, 

for one event, and broke Internet traffic records (Spangler, 1997).  Preparation for this 

event exposed vulnerabilities and technical deficiencies in the internet’s infrastructure 

and hosting systems.  The internet was growing faster than predicted and government, 

universities, and business struggled to keep pace. 

The last few years of the 90’s decade feature innovations and communication 

paradigms that shaped the direction of technology and altered the way we acquire, 

process, and use information.  For year’s engineers and technicians used logs to track, 

record, and document problems, symptoms, work-a-rounds and solutions.  Using the 

Internet, technology professionals placed these logs on the web, called weblogs and 

developed electronic conversations with their peers, called threads.  This electronic 

medium used for documenting problems and solutions became very popular and migrated 

into news journalism and personal online diaries (Bausch et al., 2002).  The term “blog” 

was coined by Peter Merholz who broke the word weblog into the phrase we blog 

(Kottke, 2003). 

This explosion of information created an environment for technology risk taking.  

There was a feeling of technology investment urgency or the user would be left behind.  

Sun co-founder Andy Bechtolsheim wrote a $100,000 check to Larry Page and Sergey 

Brin, two University of Michigan grad students, to invest in their project called BackRub, 



28 
 

 
 

later changed to Google, of a search engine that would organize an infinite amount of 

information.  In September 1998, Larry and Sergey incorporated Google, set up an office 

in Susan Wojcicki’s garage, and hired their first employee, Craig Silverstein, a fellow 

computer science grad student at Stanford (“Our history in depth – Company – Google,” 

2013).  A short four months later, PC Magazine reported that Google’s search engine 

produces extremely relevant results and named Google as the search engine of choice 

(Journalists, 2013).  The subsequent growth of Google was unprecedented.  

With four years of trial and error, e-commerce was emerging as a dominant 

business platform and internet shopping rapidly spread.  Small business began taking 

advantage of e-commerce by using Internet technologies to access global markets and 

compete against larger corporate companies (Zhao, Truell, Alexander, & Woosley, 

2011).  As e-commerce activates and success grew, external threats and attacks on the 

technology infrastructure also grew.  Technology attacks focused on crippling a 

business’s electronic transactions, defaming the business’s reputation, and stealing 

confidential and sensitive information.  Successful attacks included web site defacement, 

SQL Injection, price manipulation, cross-site scripting, remote command execution, 

authentication exploitation, denial of service, and credit-card information theft 

(Mookhey, 2004).  While there were many personal reasons to be concerned for Internet 

security, the true driving factors and force behind Internet security development were 

business profitability, reputation, and information confidentiality. 

In 1999, the final year of a technology rich decade, the number of internet users 

reached 150 million.  More than 50% of these users were Americans.  A new generation 

entered society with new expectations on information access and sharing.  This younger 
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generation believed in freedom of information and open source (Martin, 2001).  

Intellectual property rights are challenged and a new battle ground was created by a 

young 18 year old college dropout, Shawn Fanning, and his computer application 

Napster.  

Napster was a relatively short and simple program written and completed in only 

60 hours.  Shawn used current file sharing technology and peer-to-peer network (P2P) 

connectivity to create an application that allowed users to share and swap files through a 

centralized server(“The death spiral of Napster begins,” 2001).  Within his application he 

also introduced instant messaging.  The younger generation immediately embraced 

Napster and used it for sharing files, primarily music and movies, and social interaction.  

Institutions struggled to recognize and regulate this new use of technology.  The 

entertainment industry challenged Napster and proceeded with legal action on the basis 

that many of the music and other digital files that students were sharing were illegal 

copies, and as such, constituted copyright infringement (Adamsick, 2008).   

College students were identified as one of the most significant copyright violating 

groups.  Research uncovered the paradox that while students believed that artists should 

be paid for their work, there was no mechanism in place for such payment and the 

technology of file sharing was simple, compelling and applicable (J. E. Lane & Healy, 

2005).  Colleges and Universities struggled with providing the advanced file sharing 

technologies and responding to student violations of the appropriate use of campus 

technology.  The entertainment industry learned that the dismantling of Napster was only 

the beginning and, in fact, was detrimental.   
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With Napster, a centralized server was used that forced all file transfers to route 

through a centralized checkpoint, which would have given the entertainment industry a 

centralized location which could be used to monitor all file trading activity (J. E. Lane & 

Healy, 2005).  Without Napster, the newer versions of P2P file sharing removed this 

middle man and the industry lost a layer of surveillance (Woodworth, 2004).  The 

dismantling of Napster did not slow the file sharing phenomenon.  While business and 

industry shifted its focus from Napster to individual users (Smith, 2005), the number of 

decentralized users grew by the 10’s of thousands, loop holes in the legal system were 

exploited, and the judiciary system was unable to keep pace with the rapid evolution of 

technology (Adamsick, 2008).  The impact of Natpster on the American society was a 

change in life style, and this new life style placed increased demands on the technology 

infrastructure and the backbone of the Internet (Carlson, 2001b).  Napster was the 

underlying influence of the bandwidth war (Carlson, 2001a).   

Leading up to the multimedia age of technology, the Internet infrastructure was 

designed for text and pictures.  Text and picture file sizes were relatively small, from 50 

to 200 kilobytes.  Music files are 20 times larger, averaging around 4 megabytes.  Video 

files pushed the file size to 800 megabytes and on-line video games added a whole new 

dimension with persistent connectivity and streaming, one megabyte per second 

continuously (Carlson, 2001b).  In this emerging high bandwidth battle field, Napster was 

a distant relic.   

P2P networking was evolving and while compression technologies began to 

emerge, and continued to improve, the demand for higher quality and increased volume 

ensured that bandwidth demand would only increase.  While the establishment and 
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educational institutions viewed technology as a productivity tool, where bandwidth could 

be monitored, managed and controlled, the new generation of users embraced technology 

not just as a production tool, but for entertainment purposes as well (Carlson, 2001a).  

Each generation has had a vehicle for entertainment, such as letters, radio, and T.V.  P2P 

was viewed as the new vehicle for entertainment and its users did not see any rational 

reason to limit its use.  The bandwidth fight ensued and continues today to be a challenge. 

At the turn of the century, the explosive growth in technology experienced a 

stumble when the Dot-com Bubble reached its peak on March 10, 2000.  Beginning in 

1999 and carrying through the first part of 2000, in an effort to cool the escalating 

economy, the Federal Reserve raised interest rates six times (FRB, 2010).  This monetary 

policy and strategy proved to be more than the economy could manage, and the price of 

technology stocks plunged lower.  This resulted in the casualty of low performing 

technology companies.  However, even as dot-com businesses failed, the demand by on-

line consumers increased (Peter, 2004).  The impetus moving forward was on-line 

networked computers.  The computer was undergoing its most significant 

metamorphosis.  It was completing its evolution from a computational production tool, 

into a mainstream communication device (Peter, 2004).  The internet had come of age. 

The number of users connecting to the internet was staggering.  In 2000, seventy 

million computers were connected to the internet and in less than two years, as of January 

2002, that number had increased to 544.2 million worldwide (Curtis, 2013).  In the U.S., 

58.5% of the population was now using the internet.  Also in 2000, the business world 

experienced the biggest merger of all time when America Online bought Time Warner 

for $16 billion (“Internet Timeline,” 2007).  Apple started selling its iPods in 2001.  
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Wikipedia launched as an open source, user created, online encyclopedia and became the 

world’s largest wiki.  As the internet continued to evolve, and access to online resources 

became easier and more abundant, users turned to it as the solution to their modern 

complex social needs.  In response to this cultural shift and to better understand the social 

practices, significance, development, and context, scientists and researchers begin to 

examine and study the social influence of the internet  (D. M. Boyd & Ellison, 2007). 

Social Media 

Earlier in his career, sociologists Ray Oldenburg observed an interesting social 

phenomenon: there was a steady decline of parent approved teen public and informal 

gathering places (Oldenburg, 1989).  Oldenburg defines the “first place” as being home 

and the “second place” as being work.  “Third spaces” are neutral grounds, like the 

corner drug store, coffeehouse, mall or fast food restaurant, where people go to socialize, 

interact, and enjoy the company of those they know.  The importance of this “third 

space” cannot be minimized.  In a “third space” environment teens learn to socialize with 

peers, what is acceptable behavior, what is tolerated, and what is prohibited, and become 

independent from their parents (Soukup, 2006).  Third spaces also promote social 

equality, provide a safe and neutral environment, and are vital to healthy youth 

development.  As society became more volatile and the family units more dysfunctional, 

teen third-space options became increasingly limited.  As a result, teens embraced the 

internet and began filling the void by experimenting with online social networking sites, 

such as Friendster, MySpace, and online games (Steinkuehler, 2006). 

 Social networking sites were identified by their ability to connect people, 

allowing them to interact freely, share and discuss information about each other and their 
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lives (“Definition of Social Media,” 2007).  When users began adding a multimedia mix 

of video and audio to their personal words and pictures, the term Social Media was 

coined.  Social media web sites became the third-spaces in the twenty first century.  

Individuals are provided an evolving collection of online tools, toys, platforms and 

applications that allow them to create or find groups of common interest, create and 

exchange digital content, and interact in immediate or delayed person-to person 

conversations (Ahlqvist, Black, Halonen, & Heinonen, 2008).  While social networking 

sites now include online dating, such as Match.com, eHarmony, and Zoosk, their initial 

intent was not to provide a vehicle for individuals to meet and establish relationships with 

strangers, but rather to celebrate, share, and publicize an individual’s personal and family 

relationships (D. M. Boyd & Ellison, 2007).   

In 1997 SixDegrees.com launched, allowing users to create profiles and list 

friends and while it is recognized as the first social networking website, it failed to 

become a sustainable business and closed its services in 2000 (D. M. Boyd & Ellison, 

2007).  It was named from the notion that everyone in the world is separated only by six 

degrees of separation.  SixDegrees is attributed for introducing the “social-circles 

network model” which was implemented very successfully by subsequent social 

networking websites, such as, Friendster, MySpace, Facebook and LinkedIn. 

Friendster emerged in 2001 as social networking was beginning a push into 

mainstream popularity and business venture capitalists visualized an opportunity to 

exploit this new social media (Chafkin, 2007).  As a portmanteau of “friend” and 

“napster,” Friendster refined the social-circles network model into a data algorithm 

designated as “Circle of Friends.”  Within a year of its inception, Friendster had acquired 
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more than three million registered users and was receiving a number of investment offers 

(Goble, 2012), most notably was Google (Buckley, 2010).   

The company’s rapid growth and popularity plagued the company with technical 

difficulties; their server hardware and data base software were not designed to handle the 

magnitude of the growth, and social difficulties, the largest and fastest growing sub-

population of users were gay men (D. Boyd, 2006).  The company’s rapid decline 

occurred when users abandoned Friendster for alternate, newer Social Networking Sites 

after rumors emerged that Friendster would adopt a fee-based system.  Friendster now 

has the dubious honor of being recognized as the first high tech casualty.  Friendster’s 

rapid success, followed by its rapid decline, is now used by Harvard Business School as a 

case study of a poorly crafted and executed technology business and operations plan 

(Chafkin, 2007). 

 From 2003 forward there were a number of social networking sites that entered 

the profile-centric, social-circles network model market space.  Few analysts or observers 

noticed when MySpace launched in 2003.  The domain name myspace.com first emerged 

in 1999 as a data storage facility in response to the abundant creation of information.  In 

2002 the company shifted direction to focus on commerce (Mitchell, 2006).  To gain 

acceptance, MySpace was designed to look-and-feel and compete with sites like 

Friendster, Tribe, Google’s Orkut, and AsianAvenue.  The newly designed MySpace was 

intended to be a new marketing tool and solicited the younger generation with music, 

video, and an eccentric, robust experience (Mitchell, 2006).  In July 2005, MySpace was 

purchased by News Corporation for $580 million (BBC, 2005).  Catering directly to the 

third-space needs of the youth, MySpace became to first social networking juggernaut.  



35 
 

 
 

The need for people to share their professional and personal diaries on the internet 

did not subside.  There was a great demand for profile-centric and blogging services and 

a social networking global phenomenon ensued.  Social websites emerged all around the 

world.  The market space became so crowded and saturated that company survival was 

arduous.  The key to success was to focus and support niche demographics before trying 

to expand to a bigger market (D. M. Boyd & Ellison, 2007).  

In 2004 Facebook entered the social networking service technology sector as a 

Harvard-only website, designed specifically to meet the social needs of an Ivy League 

college student (Cassidy, 2006).  As Facebook expanded to include other Universities, it 

strove to maintain a reputation as an intimate, private and personal community.  To 

register with Facebook, a user was required to use a university email address.  In 

September 2005, Facebook opened their services to High School students, and by 2006 

modified their registration policy to include everyone.  Millions of dollars were now 

being invested in social media, and Facebook was serious big business (Goble, 2012). 

Social networking sites experienced unprecedented growth.  Investment money 

and time were spent in designing, purchasing, developing, and advertising social media.  

In 2004, $117 billion was spent on internet assets (“Internet Timeline,” 2007).  

Institutions were compelled to consider the implications and impact of the migration of 

social media into the work place, educational institutions and public meeting rooms.  The 

U.S. military response chose to ban soldiers from 13 internet sites, social media and file 

sharing, while using military computers and network connections (Frosch, 2007).  

Educational institutions devoted effort to managing the negative impacts of social 

networking that placed technical stress on the network infrastructure and the creation of a 
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new form of bulling, cyber bullying.  The power of social media could not be ignored and 

in 2011 the technology heavyweight Google introduced Google+, a social media 

extension to the Google phenomenon (Goble, 2012).   

The success of Facebook has been attributed to its ease of use interface, 

customizable and myriad of features, targeted advertising model, and healthy financial 

infusions (Goble, 2012), but by far the biggest reason for success is that Facebook 

promotes truthfulness, acknowledgment and fellowship.  Researchers have determined 

that people like being themselves, creating connections with others, and having an 

identity and membership with groups of people with similar interests (D. M. Boyd, 2004; 

Marwick, 2005).  The effect of social media on human behavior has changed society’s 

habits. Online dating sites were once viewed as being used by only the untouchables and 

desperate, but are now embraced by mainstream society as a viable dating strategy.  The 

impact of social media phenomenon has been adding value and profitability to the 

internet and setting the stage for further development. 

Video was added to social media when podcasting began in 2004.  Flickr, 

subsequently purchased by Yahoo, image hosting provided a snazzy tool that allowed 

users to share photos and save them to Web pages.  YouTube, subsequently purchased by 

Google, was introduced in 2005 as a site devoted to amateur video and has become the 

foremost forum to distribute original content and targeted market advertising.  Text 

messaging was combined with instant messaging to create the micro blogging, short 

messaging service, Twitter.  Twitter provides enthusiasts an avenue to share short bursts 

of inconsequential information, which accordingly attune perfectly with the social-circles 

network model.  By 2006 there were more than 8 billion Web pages being hosted on more 
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than 92 million websites and Google was experiencing 400 million queries per day 

(Curtis, 2013; “Internet Timeline,” 2007).  The collection of all these technologies aided 

the social union of online and offline experiences into an individual’s social network.  

The next revolution would be in a new delivery system. 

Cellular Technology 

The advent of cellular technology, derived from telecommunication technology, 

added mobility to communication hardware devices.  Cellular devices use wireless radio 

frequencies to connect mobile hardware to a nearby stationary transmitter (Pierre, 2001).  

Transmitter stations are hard-wire connected and grouped together into networks with 

each transmitter station spanning a geographical area called a cell (Pierre, 2001).  The 

term cellular is derived from the cellular based transmission stations that allow the 

freedom to receive and transmit calls as the user moves from tower coverage area, or cell, 

to another.  

The Detroit Police department became the first non-military users of cellular 

communication technology in 1921 when they placed Bell Laboratory’s two-way radios 

into patrol cars (Hesseldahl, 2002).  In 1947 Bell Laboratories derived the principles of 

cellular communication over a larger area using low-power transmitters, and Motorola 

produced the first portable device to incorporate the technology into a device usable 

outside of a motor vehicle (Kinder, 2013).  AT&T followed Motorola’s lead and worked 

with the Federal Communications Commission (FCC) to open the radio-spectrum 

frequencies so that mobile technology could be researched and implemented for the 

general public (Frenkiel, 2012).  In 1968 AT&T and Bell Laboratories designed and 

proposed the cellular transmission tower system to the FCC.  While the cellular 
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technology would eventually evolve into high-speed, high bandwidth digital signaling, 

this first generation of technology was analog, low bandwidth, frequency modulation 

(Pierre, 2001).  First generation (1G) performance and success was limited. 

 The first great moment in cell phone history occurred on April 3, 1973 when 

Motorola engineer Martin Cooper made the first public cellular call.  In this first mobile 

phone call, Cooper informed his rival, Joel Engel, at Bell Labs that he was speaking via a 

mobile phone (Buck, 2013).  Cooper is credited as the inventor of the cellphone.  It 

wasn’t until 1982 that the FCC finally approved commercial cellular service in the U.S.  

Following in 1984 the FCC approved the Motorola DynaTAC (DYNamic Adaptive Total 

Area Coverage) cellular phone, and it was now available for purchase by consumers 

(Goodwin, 2013), but costing nearly $4,000 (or $9,000 today)  (Meyers, 2011).  The 

mobile device used by Copper weighed a hefty 2.43 pounds, measured a sizable 9in x 5in 

x 7.75in, required 10 hours to charge, and provided 30 minutes of talk time (Goodwin, 

2013).  

In the following decade, mobile cellular telephony developed in every area.  

Device size reduction, weight reduction, battery life increase, charging time decrease, 

coverage area increase, signaling standards improvement all contributed to the debut of 

the first flip phone, the Motorola MicroTac, in 1989 (Meyers, 2011).  By designing the 

hardware with a hinged section, that folded closed when the phone was not in use, the 

reduced size provided the first truly pocket phone.  System and design improvements 

evolved with the arrival of handover technology, which improved reception and 

connectivity as users traveled from cell to cell (Tekinay & Jabbari, 1991).  The real 

revolution in cellular technology was just around the corner. 
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The birth of Second Generation (2G) cellular communication, using GSM (Global 

System for Mobile Communications: originally from Groupe Spécial Mobile) 

technology, was introduced by Radiolinja  (now part of Elisa Oyj) in Finland, in 

1991(“History - On Elisa,” 2004, “Understanding 1G vs. 2G vs. 3G vs. 4G,” 2013).  The 

pivotal shift of GSM technology, and its competing systems, Time Division Multiple 

Access (TDMA) and Code Division Multiple Access One (CDMA One), was the 

migration of the cellular signaling from analog to digital (Ziegler, 2011).  These new 

digital network systems provided improved transmission and voice quality, increased 

security, greater capacity and enhanced overall coverage.  In addition to system 

improvements, providers began to offer additional data services, such as paging, faxes 

and voicemail and on December 3, 1992, Neil Papworth sent the first text message, 

“Merry Christmas,” using the service short message service (SMS) (Stern, 2012).   

As the technology improved and the cost to own and operate a mobile cellular 

device decreased, the technology experienced an explosion in popularity.  The resulting 

widespread adoption of text-messaging, as a means of a preferred communication 

medium, has impacted social and psychological interpersonal relationships (Reid & Reid, 

2004).  The evolution to smart technology and the prolific infusion of cellular technology 

into society has created inequality, with a digital divide, and transformed our economic 

systems, political awareness, organizational and institutional structures, and cultural and 

social foundations (DiMaggio, Hargittai, Neuman, & Robinson, 2001). 

Third generation cellular technology was introduced in 2001 and provided users 

the next level of advanced services including audio, graphics and video applications, 

video calling, and High-Speed Packet Access (HSPA) data transmission.  The union of 
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the Universal Mobile Telecommunications System (UMTS) technology standard, which 

sustained higher throughput rates, and Code Division Multiple Access Two 

(CDMA2000) interface technology, which further increased capacity, provided the basic 

always-on data connectivity to the internet required by smart phones (Ziegler, 2011).  In 

2002 cellular phones with built-in cameras become available in North America and users 

were able to create, share and publish pictures and video. 

While 3G provided the technology to access the internet, this access was initially 

limited to cellular phone devices.  In the mid-2000’s specialized devices began to appear 

that connected wireless technology to Wireless Fidelity (Wi-Fi) local area networks 

creating hot-spots.  Wi-Fi is a wireless networking technology that uses low frequency, 

so called “garbage bands,” to connect devices within a very small geographic location 

(“CASE HISTORY,” 2004).  The area surrounding a WiFi device, where small personal 

technology devices are within range to create a wireless connection, is called a hot spot.  

By hardwire connecting these devices to the internet, they act as bridges for single 

devices or routers for small office or home office (SOHO) networks.  Wireless adapters 

allow traditional technology devices, such as computers, laptops and printers, access to a 

local network, and the internet, without the need of a traditional hardwire.  This 

technology provides increased mobility, easy access, and convenience. 

It was inevitable that the WiFi middle man would be modernized and replaced.  In 

the late-2000’s WiFi base stations and adapters were developed that provide dtraditional 

hardwired devices direct access to 3G mobile telecommunication networks.  The need for 

hardwired connectivity was determined by need and performance.  By 2009 mobile 3G-

WiFi technology had evolved and miniaturized and was being included directly into 



41 
 

 
 

devices, such as the Kindle, Nook, tablets, laptops and the iPad.  Traditional computing 

devices could now directly connect with the internet, through a cellular service provider, 

and have full access, mobility, and content (Nuaymi, 2007).  

By the end of the decade, cellular technology demand was increasing and users 

were demanding bandwidth-intensive applications and services, and new standards were 

needed.  The International Telecommunication Union (ITU) bundled new specifications 

for bandwidth and connection speeds into a new 4G standard that were so aggressive that 

no current technology could achieve them (Ziegler, 2011).  These new standards included 

a bandwidth of 1Gbps while not moving and 100Mbps when moving.  Because 

Worldwide Interoperability for Microwave Access (WiMAX) and Long-Term Evolution 

(LTE) were the standards that were replacing 3G, they became accepted as the Fourth 

Generation (4G) standard.  While WiMax and LTE fall short on the aggressive 

transmission speeds called for by ITU, they top out around 100 Mbps stationary; they do 

bring new capabilities to the industry, expand carrier capacity, faster data rates, and 

advanced connection reliability (Frenzel, 2013).  The adoption of an all packet-switched 

network, and the removal of the circuit-switched network, permits a voice transmission to 

be handled as a data transmission, basically allowing all cellular communication to be 

handled as Voice over Internet Protocol (VoIP), warranted the 4G designation (Ziegler, 

2011).  Of equal significance is the standardization of LTE worldwide.  With worldwide 

implementation users will be able to seamlessly travel the globe without signal 

interruption.   
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Portable Technology 

In a capitalistic economy innovation is the path to profitability; coupled with the 

laws of supply and demand, the progression of the hardware side of technology has 

responded to cellular integration by growing smaller, faster, smarter, lighter, and 

friendlier, all with increased efficiency (Jarrett & Su, 2009).  There was a time when 

portable computers were 20 pounds and the size of a carry-on luggage bag.  The first 

tablet PC was held by lieutenant Uhura in the Star Trek television series that debuted in 

1966 as she fulfilled the communication needs of the Enterprise.  When one imagines a 

portable, utilitarian communication device with an interactive screen, a slate like 

computer simply makes sense.  The natural evolution of desktop computers, followed by 

laptops, into a smaller more portable tablet computer, connecting to the internet with 

cellular technology, was inevitable (Jarrett & Su, 2009).  The arrival of the tablet was a 

function of when hardware would be ready to support expectations.  

Mobile computing was conceived and experimented with in 1968 when Allen 

Kay, joined Xerox in 1970, designed a tablet type of computer, the Dynabook, following 

the idea from Uhura’s communication device, that used a touch screen interface, floating 

keyboard, had an eternal power supply and fulltime connection to the internet (Maxwell, 

2006; Steele, 2011).  Unfortunately earlier technology had not developed enough to 

feasibly implement these ideas, and this first tablet computer design never made it off the 

drawing board.   

The first technological breakthrough in portable design, to achieve size reduction 

from the big main frame computers, was the invention of the Intel 4004 microprocessor 

in 1971.  In 1974, Micro Instrumentation and Telemetry Systems (MITS) packaged the 
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4004 microprocessor together with all the other parts necessary to make a build-it-

yourself computer, called the Altair, and sold the kits though mail-order (“Invention of 

the PC,” 2013).  MITS sold thousands of Altair kits.  While the Altair is recognized as the 

beginning of microcomputers, it did not have a keyboard or a monitor and as a result 

could not do very much.  Input for the Altair was achieved by flipping a series of toggle 

switches and output was a bank of flashing lights, but it was the beginning.   

The impact of the Altair is far reaching.  Two Harvard college students, Paul G. 

Allen and Bill Gates, were hired by MITS to develop Altair BASIC, a derivation of the 

BASIC programming language.  These two young men used what they had learned 

working for MITS and in 1975 formed their own company, Microsoft (Press, 1993).   

In 1976 Steve Jobs and Stephen Wozniak formed Apple computers and created a 

build-it-yourself computer kit, the Apple I, that they began to sell in July for $666.66.  

The significant improvement with the Apple computer Kit was more memory, a cheaper 

microprocessor and a screen monitor.  The Apple II, released in 1977, included a 

keyboard, color, and external cassette tape storage improvements.  Eventually customers 

requested that the build-it-yourself kit come preassembled and the Personal Computer 

(PC) revolution had begun (Carlton, 1997). 

At first IBM did not see a personal computer market.  They did, however, see a 

need to put computing power directly into the hands of professionals, engineers, analysts, 

and statisticians.  With the new Intel microprocessor, in 1975, IBM created the 5100 

Portable Computer (PC).  This computer was not so personal or portable.  It weighed 55 

pounds, included a 5 inch monochrome monitor, integrated full size keyboard, 16 to 64 

kilobytes of RAM, used tape drive storage, and sold for $19,975 (“IBM 5100 computer,” 
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2013).  Following IBM, MITS, and Apple, companies, such as Tandy, with the TRS-80, 

and Commodore, with the Commodore Pet, entered the personal computer market and 

targeted schools and home consumers.  The Commodore 64 was the best-selling personal 

computer of all time. 

   While there were portable computer prototypes, such as the Xerox Note Taker, 

before the Osborne, the Osborne 1 is recognized by most computer historians as the first 

manufactured and commercially distributed portable computer (Bellis, 2013).  The 

Osborne computer was the first computer, by 1981, that folded closed and could be 

carried from place to place using its brief case style handle.  While its size, equivalent to 

a portable sewing machine, inability to run on a battery, 24 pound weight, and hefty price 

of $1795 impeded its success in the commercial arena, however, it had a revolutionary 

impact on business, as pioneering professionals began to carry their computer and data 

with them into the field. 

Following the Osborne, in 1982, the GRiD Systems Corporation introduced the 

GRiD Compass 1101 with the distinct clamshell-style design.  The Compass packaged 

many advanced features, such as an Intel 8086 processor, sharp 80 x 25 

electroluminescent display (ELD), three large bubble memory modules for a total of 

384K of memory, integrated keyboard, and a 1,200 bit/s modem, into a pricy $8150 die-

cast magnesium-alloy case (“Gavilan Compass,” 2013).  Because of the GRiD’s 

extremely high price and non-IBM compatible operating system, it had a very limited 

market, consisting of business executives, the U.S. military and NASA.  The GRiD was 

used by NASA on Space Shuttle missions during the 1980’s. 
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The evolution of computers continued as the Compac Portable and the Epson HX-

20 entered the commercial market.  The Compac Portable was the first legally reverse 

engineered IBM clone using the MS-DOS operating system (“Compaq Portable,” 2013), 

which allowed for easy data transfer between systems.  The Epson HX-20, while 

relatively simple in design and features, was easy to program and was powered using 

rechargeable batteries (“Epson HX-20,” 2013).  These two major improvements, IBM-

compatible and rechargeable batteries, accelerated the development of products that were 

embraced by consumers. 

At the Anaheim National Computer Conference in 1983, Gavilan Computer 

Corporation unveiled the Gavilan SC.  While some historians recognize the GRiD 

Compass as the first recognized laptop computer, a strong case can be made, using 

today’s expected features and standards, that the Gavilan SC was the first true laptop.  

The Gavilan was the smallest, lightest, MS-DOS compatible, rechargeable battery 

computer manufactured at that time.  The advanced features included an innovative 

touch-pad interface, an integrated 3.5-inch floppy drive, in integrated keyboard, a 400 x 

64 pixel Liquid Crystal Diode (LCD) screen, an internal 300-baud modem and an Office 

Pack of four applications, SuperCalc, SuperWriter, PFS File, and PFS Report (“Gavilan 

SC,” 2013).  The Gavilan is the first portable computer marketed to the consumer using 

the terminology “laptop”.  By the end of 1983 the laptop market erupted with demand 

from businessmen and professional who were eager for the next generation of 

technology. 

From 1984 to 1995 the laptop market was fierce.  Several manufacturers had 

entered the laptop market with three having a significant impact, Hewlett Packard, Zenith 
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Data Systems, and Apple.  The HP-110, weighing only 8.5 pounds with 16 hours of 

battery life, was Hewlett Packard’s entry into the laptop market in 1984.  It was the most 

successful early consumer laptop.  Zenith Data Systems (ZDS) won a United States Air 

Force contract for 200, 000 laptops and became the largest laptop manufacturer in the late 

80’s.  Apple entered the portable computer sector in September 1989 when they 

introduced the Macintosh Portable.  Toshiba, Compaq, Sharp, NEC, Samsung, Sony, 

Gateway, Packard Bell, and Dell continued to innovate and deliver new portable 

technology.  Until 1995 all portable computer manufacturing used competing proprietary 

technologies (Bellis, 2013).   

    The landmark event in the chronology of laptop computers was the introduction 

of Microsoft’s Windows 95 operating system.  Prior to the release of Windows 95, laptop 

suppliers used propriety systems that made hardware and software integration complex.  

Microsoft’s Windows 95 operating system introduced the Plug and Play (PnP) 

Application Program Interface (API).  The API was a middle man set of standards that 

managed and stabilized communication between hardware and software.  Hardware 

manufacturers developed their hardware, such as hard drives, graphics cards, and network 

adapters, and connected it to the API with proprietary drivers.  The drivers were installed 

and connected to the API automatically with PnP.  Software Developers created software 

applications, such as accounting software, graphics and video software, utilities and 

games, that called subroutines within the API that gave them access to the hardware 

drivers.  This created a standard set of features, including CD-ROM drive, Intel Pentium 

processor, floppy disk drive and Network Interface Card (NIC), that were expected on all 

laptops and PC’s.  Laptop suppliers became very responsive with the ability to quickly 
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modify their designs to include the latest new hardware innovations.  The ability to 

respond to market conditions quickly led to suppliers offering competing models all with 

the same standard set of expected features (A. King, 1994). 

With the standardization provided by Windows 95, laptop popularity and 

innovation accelerated.  Laptop users benefitted from improved battery technology, first 

nickel cadmium (NiCd), then nickel metal hydride (NiMH) and then lithium ion, 

improved power saving processors, introduction of the Pentium series of CPS’s, 

improved liquid crystal displays (LCD), active-matrix Thin-Film Transistor (TFT) LCD 

technology that lead to interactive touch screens, improved storage technology, creation 

of thin, high-capacity, shock resistant, low power consumption hard drives, and improved 

internet connectivity, built-in Ethernet, USB, and Wi-Fi.  As laptop technology continued 

to shrink smaller and smaller and smaller, new computer platforms were created, 

Netbooks, Slates, Tablets and Smart Phones (Bellis, 2013). 

Smart Technology 

 Smart technology is the culmination point where the evolution of hardware, 

software, networking, cellular, portable and social media technology all merge to create 

the ultimate productivity and communication device.  Smart phones have changed the 

way people work, play and plug-into the world (Goldman, 2010).  Social needs and social 

influences are a driving force behind smart technology demand and dependence (Suki, 

2013).  Smart technology innovation is the evolutionary step towards supporting social 

interaction, managing information, leveraging knowledge, and providing an interactive 

interface for learning (Carayannis, Clark, & Valvi, 2013). 
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 Smart technology can be traced back to the first smartphone developed and 

introduced by IBM in 1992.  The Simon was marketed as a personal communicator 

device that offered the features of a cell phone, pager, fax machine and hand held 

computer.  It earned the title of smartphone by including computer style applications, 

such as email, notepad, calculator, calendar, clock, and games, and used a monochrome 

touchscreen that was touch sensitive and managed with a stylus or virtual keyboard.  The 

Simon had a system to deliver more features, similar to today’s application (apps) stores, 

including camera, music and maps, by installing a memory module (Sager, 2012).  IBM’s 

innovation was unfortunately ahead of the market and the Simon was simply too 

advanced, and too pricy, for its day (McCarty, 2011).  IBM stopped production, making 

only 2000 units, scraped the development of the Simon II, and retired the Simon I before 

it gained any momentum (Sager, 2012). 

 The Palm Pilot, a division of U.S. Robotics, while not directly a smartphone, 

warrants inclusion and recognition for the introduction of the first generation of personal 

digital assistants (PDA) and handwriting recognition software.  The true pioneer PDA 

was the Apple Newton, released in 1993, but it was the Palm Pilot that is credited for 

popularizing the technology (Niccolai & Gohring, 2010).  A PDA is a handheld device 

that manages personal contacts, schedules, and projects using an internal data base that 

includes names, addresses, dates, times, to-do lists and personal notes.  The revolution 

technology introduced by Palm was the Graffiti handwriting recognition system 

(Holwerda, 2013).  Graffiti provided a very fast and accurate stylist based text data 

entering interface for mobile devices.  PDA functionality, and Palm Pilot technology, 
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evolved from detached devices to integrated systems embedded in the applications of 

today’s smartphones. 

 The Nokia 9000 Communicator was released in 1996 and marketed directly at 

business users.  The Nokia was built on an Intel 386 processor which gave it more 

computing power than the desktop computers of the 80’s.  By combining all the features 

of a cellular phone and PDA, and adding Internet access, a full miniature flip-out 

QWERTY keyboard, and an open operating stem, the Nokia created the first successful 

true smartphone class product (Dickey, 2012).  The Communicator series product line 

included, 1900, 9110, 9210, 9300, 9500 and E90, and spanned over a decade.  With these 

products, Nokia out sold all other smartphone competitors until the introduction of the 

Apple iPhone (Ahonen, 2011). 

 Remarkably, Nokia did not create the term smartphone.  The term smartphone 

was created by Ericsson, in 1997, for a marketing campaign publicizing its next 

generation concept phone, the Penelope GS88 (McCarty, 2011).  As a concept phone, 

production was limited to approximately 200, but it established the platform that Ericsson 

would develop into their future products, the R380.  The Ericsson R380 featured cellular 

and PDA functions and most importantly, introduced the first touchscreen interface.  The 

R380 was the first commercially available cellular phone marketed as a smartphone 

(Hemmendinger, 2010). 

 For the next ten years, 1997 to 2007, the cell phone market grew, and there was 

an increase in manufacturers that entered the market sector.  Technology became faster, 

more powerful, and smaller and enabled more innovative features, including multimedia, 

video, and social media.  Microsoft released Windows mobile software, a revised version 
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of Pocket PC 2002 operating system, and a number of mobile device manufacturers 

capitalized on the new software technology (Arar, 2003).  Palm updated its Operating 

System, renamed it Garnet OS, and implemented the technology in wrist watches, 

handheld gaming devices, barcode scanners, GPS locators and smartphones (McCarty, 

2011; Wildstrom, 2001).  Research in Motion (RIM) entered the smart technology market 

with the Blackberry, a wireless email device and PDA (Davis, 1999).  The smart 

technology market was evolving and becoming ever more complex.   

 The release of the iPhone in 2007 was Apple’s debut in the smartphone market, 

and it was the game changer.  It seemed like overnight Apple changed the perception that 

the smartphone was an expensive and exclusive business tool, into an everyday social 

media gadget that all consumers needed.  Apple targeted the younger, technology hungry 

generation, and the iPhone revolutionized their social networking and quenched their 

thirst for a small, portable internet always-connected communication tool.  Apple realized 

that the content and experience factors were more important than the hardware and 

physical technology and created an application store that focused on entertainment 

applications and services (Laugesen & Yuan, 2010).  By making regulations work in their 

favor, maintaining control over the content and distribution of their product and services, 

and implementing a marketing plan that focused on consumer needs, Apple positioned 

the iPhone as the smartphone to which all other smartphones are compared (Laugesen & 

Yuan, 2010).  The iPhone made developers rethink the technology market and the 

direction of future growth. 

 The term Smart Technology has matured and is used in many industries to 

identify the process and equipment that is used to optimized utilization of technology.  In 
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concept, smart technology uses computer and networking resources and adds a layer of 

artificial intelligence decision making to optimize the performance of the hardware and 

experience of the user.  Six levels of Smart Technology intelligence have been identified: 

Adapting, Sensing, Inferring, Learning, Anticipating, and Self-Organizing (Derzko, 

2006).  Adapting technology adjusts its behavior in response to changes in the 

environment.  Sensing technology monitors, recognizes changes and provides awareness 

to smart enabled devices.  Inferring technology is a collection of algorithms that make 

decisions by following a prescribed set of rules and observations.  Learning technology 

uses statistical models and experimentation to choose the best strategy to improve 

performance.  Anticipating technology uses geographic location, social science, data 

patterns and data trends to predict, direct, and offer the perceived best next step.  Self-

Organizing technology is the highest form of artificial intelligence and is the science of 

technology, replicating the self-generating and self-sustaining biological systems that are 

found in our environment at the cellular and nano-technology levels.  The growth of 

Smart Technology is accelerating and to remain competitive, industry must recognize and 

incorporate the technology that consumers have already embraced (Derzko, 2006).  It 

follows that educators would be wise to also examine and evaluate the impact of Smart 

Technology on education. 

 In 2003, Google purchased a small startup smart technology software company, 

Android Incorporated.  Google co-founder Andy Rubin, in an interview with Business 

Week, well before Apple and the iPhone, identified the direction of technology and 

realized the need to develop mobile devices that used Smart Technology, technology that 

was aware of its locations and individual user preferences (Elgin, 2005).  With the 
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financial backing and intellectual resources of Google, Android quietly worked for the 

next four years, and on November 5, 2007, formally announced their new open-source 

operating system.  Android, based on the Linux operating System, was designed 

specifically to take advantage of touchscreen technology.  The power behind the Android 

language, and the feature that allowed it to rise above competing languages, was its Lego 

building block approach to system integration.  This approach of designing new system 

and software blocks and snapping them together with existing blocks, and the operating 

system itself, changed the rules to software development (Beavis, 2008).  Creating new 

Smart Technology applications literally became a snap.   

After negotiating resource backing by Google, High Tech Computer Corporation 

(HTC) embraced the Android Smart Technology and began manufacturing the first 

Android phone, HTC Dream (or T-Mobile G), in 2008 (McCarty, 2011).  After seeing 

HTC’s success in competing against the iPhone, Samsun, LG, Motorola, and other 

manufactures began designing and producing products using the Android Operating 

System.  In 2009, the Motorola Droid propelled the Android platform ahead of the 

myriad of other operating systems, Microsoft's Windows Phone, Nokia's Symbian, 

Samsung's Bada, RIM's BlackBerry OS, and Hewlett-Packard's webOS.  Androids 

success can be traced back to its stability in running well, open source platform providing 

manufactures a standardized starting point from which to build their own products, and 

building block capabilities that promotes third-party applications (McCarty, 2011). 

Laws of Media 

The Google Android, Apple iOS, Microsoft Windows Phone 8 OS, and 

BlackBerry 10 OS Smart Technology have vaulted the smart phone, with full featured 
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multi-media capabilities and complete 4G technology broadband access to the internet, 

into a ubiquitous communication device.  The social impact and effects of information, 

communication, and smart technology on society can be explained by applying 

McLuhan’s Laws of Media (Sandstrom, 2012).  In his work McLuhan observed that as 

media evolved over time, it was not independent of humanity, but rather, media was an 

extension of natural human abilities.  Man existed and survived before the technology 

and will survive and exist after the technology.  The technology in some way changes 

man’s existence; it is not merely a simple add-on to his existence (McLuhan, 1964).  

Technology changes the way we comprehend, visualize, and process stimuli 

(information).  Technology impacts our behavior and reactions to the environment.  The 

cultural evolution of society is derived from the changes in technology and technology 

evolution cannot be examined in isolation.  New technology impacts humanity 

psychologically, physically and socially (McLuhan, 1964).  The Laws of Media were best 

summarized by Father John Culkin, S.J., a personal friend of McLuhan, when he wrote 

“We become what we behold.  We shape our tools and then our tools shape us” (Culkin, 

S.J., 1967). 

The theoretical foundation of McLuhan’s Laws of Media is that any man-made 

technology inevitably has four effects, Enhancement, Obsolescence, Retrieval, and 

Reversal (Sandstrom, 2012).  The four laws collectively are called the Tetrad.  In 

McLuhan’s theory, a medium is a tool, vehicle or device that supports or enhances 

humanity.  Media are the augmentation to our senses, bodies and minds that humanity 

manufactures to protect, improve and evolve society (Hunscher, 2001).  For example, we 
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can store our energy, skills and services in the medium of money and exchange or trade 

with others using the same technology (McLuhan, 1964).     

By enhancement, the new technology extends some current human function into 

an improved derivation of that behavior.  For example, the technology of recording music 

on vinyl records enhanced our listening, enjoyment and appreciation of music.  The 

technology advancement of recorded music sociologically changed and impacted the 

function of music in culture and on humanity (McLuhan, 1964). 

The term obsolescence is often misinterpreted or interpreted too literally.  In the 

context of the Tetrad, obsolescence does not mean the technology disappears; it is 

possible that it still exists, but it will have changed functions and no longer performs the 

human function that it once enhanced. Automobiles and horses are a case in point.  The 

technology of the automobile made horse drawn carriages obsolete.  The automobile 

removed the horse drawn carriage as a main form of transportation and changed its 

function from a working mode of transportation to one of entertainment.  People can still 

find horse drawn carriages used as tourist attractions, and some are used in areas of the 

world that have not experienced the technology advancement of the automobile 

(McLuhan, 1964). 

As technology is obsolesced, new technology loses or leaves behind some of the 

traits or attributes found in the old technology.  The attributes that are absent from the 

new technology are often by design and the impetus for the new technology being 

developed and introduced.  Retrieval extracts actions and services, provided by earlier 

technologies and brings them back into play in some new form.  When examining movies 

it can be observed how they enhance our senses to think and store video-graphic 
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information.  It also makes obsolesce theater and live performances.  But movies are not 

a new media. Movies are new technology that is a retrieval of a media used to store and 

document history, storytelling.  

When technology is first introduced, we can often see what the advantages may or 

may not be and what it is intended to do and replace.  Unfortunately we cannot always 

predict the longitudinal effect the media may have or the consequences of its 

implementation (Federman, 2004).  After some time it is easy to look back and identify 

some effects and outcomes that were not predicted.  These are understandably unintended 

or unanticipated consequences.  Many of these unanticipated consequences originate 

from traits or attributes that were undervalued or were not originally considered.  The 

impact of pushing the limits of the new form to its extreme is a reversal of some 

characteristic or trait.  It can be classified as a side effect that no one saw coming.  The 

reversal of the convenience of the fast food industry is the increase in the problems with 

obesity. 

McLuhan’s Tetrad is important because it allows us to evaluate the sociological 

effect of technology on Human behavior (Kraft, 2010).  We can measure the effect social 

media has on Humanity.  Facebook is a technology media of communication that goes 

beyond voice and documents what has been verbalized.  Considering the Laws of Media, 

it is easy to recognize that Facebook enhances Social Interaction.  As a media that 

increases our social synergy, special events are recognized and shared with pictures, 

poking and status updates resulting in greeting cards becoming Obsolete.  Facebook 

brings back or Retrieves the Village Market, a third space place where one can go to be 

with your friends, family and people with common interests.  When we consider taking 



56 
 

 
 

the media to an extreme, we can visualize Facebook reversing into nothing more than 

Gossip.  By applying Laws of Media it becomes apparent why Facebook was embraced 

and also where the potential pit-falls and problems exist. 

Evaluating the cell phone using the Laws of Media will help understand the 

development of cellular media, followed by the evolution of the Tablet.  The task of 

finding one unifying principle to explain the multifaceted effects introduced by the 

amalgamation of technology included in today’s smartphones is most difficult.  To 

approach this type of evaluation in a systematic way, McLuhan drew upon the terms hot 

and cold media (Bobbitt, 2011).  Simply put, a hot medium is one that can be perceived 

as high definition.  High definition is a form of media that is filled with rich data, 

information, and details that brings one single sense to a clear focus.  The impact of high 

definition media on the receiver is less decoding and less participation.  The message is 

self-evident.  A cold medium is one that can be perceived as low definition.  Low 

definition provides simple, basic and incomplete data with very little visual information.  

With low definition media the receiver must be more engaged and is required to 

participate by drawing on their experiences and knowledge to fill-in and infer missing 

data.  The message is easily decoded using existing experience and knowledge.  New 

technology is not necessarily always hot and old technology is not necessarily always 

cold. 

The purpose of McLuhan’s hot versus cold distinction was to understand the 

effects of media on influencing human behavior (Bobbitt, 2011).  In our everyday lives 

we are bombarded with media, messages and experiences.  It is the collection of all our 

experiences that influences our behavior rather than rational thought from our 
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understandings.  Media and technology provide the experiences that influence our 

behavior, and the individual is essentially incognizant of these influences (McLuhan, 

1964).  What becomes important is not the content, but the medium itself.  It is the 

medium that has the power to change social patterns. 

Few would argue that the smartphone has changed social patterns.  In its simplest 

telephone form, it is a cold media, as the ear is given a small amount of information and 

the individual must supplement the message to decode its true meaning.  This cold media 

is not the defining media that has impacted society; that was an earlier version of the 

same media.  The hot media of smartphone is persistent connectivity to the internet.  In 

its current form, this media is in abundance and provides an overwhelming amount of 

data.  Smartphones provide a new medium that enhances data, messages, in a new way 

(Sandstrom, 2012). 

Having established the High Definition form of smartphone media that has 

impacted society, we can measure the impact using the Laws of Media.  We might 

measure a smartphones enhancement to society as the mobility of two-way 

communication.  Our hot/cold analysis has proven that this is not a valid assessment.  The 

smartphones enhancement of concurrent connectivity to the internet, summarized as 

increased accessibility, passes the hot/cold analysis.  Being isolated and tethered to a 

stationary personal computer is made obsolete.  The nomadic existence is retrieved as 

humanity is again free to move about carrying their needs and resources with them.  

Ironically, smartphones reverse freedom and privacy.  By providing persistent 

connectivity it is impossible to escape or retreat from society’s connectivity; people are 
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always available, their locations are always known, and they are always on 

(Sandstrom, 2012). 

 The Laws of Media help understand the evolution of media and we can use them 

as a predictive tool (Bobbitt, 2012).  We can explore the effects of media, what media has 

been obsolesced, possible media for retrieval and evaluate paths and possible evolution.  

The Laws of Media do not make cause and effect predictions; because A happened, we 

know that B will happen.  Instead they make predictions based on favorable conditions, 

similar to predicating the weather.  There is a prediction that we will have rain because 

the conditions are favorable.  Whether or not it actually rains, is out of our control.  

Tablet Technology 

The Laws of Media and favorable conditions pointed to the creation of the tablet.   

The tablet enhances the media interface.  Tablet technology is a progressive step in the 

evolution of transparent computing.  Transparent computing is the transformation of the 

media interface with humanity in such a manner that an individual is unaware of the 

existence of the technology (Rouse, 2005).  The desired behavior is achieved without 

thought of how to use the media.  Transparent Computing focuses on adding human-like 

sensing and perception abilities to the media, including touch, gesture recognition, voice 

interaction, facial recognition, virtual reality augmentation, and other technology that 

supports interfacing with human beings.  The size, persistent connection, high definition, 

and smart technology provided by the tablet enhance the senses in ways that were 

obsolesced by previous media. 

The tablet makes obsolete the laptop computer and the desktop Personal 

Computer (Bradley, 2010).  It could, however, be successfully argued that the Personal 
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Computer (PC) had already been made obsolete by the Laptop.  The tablet, in its current 

form, does not make the smartphone obsolete.  Because a tablet retrieves a larger, more 

interactive interface, it necessitates a moderate, usable size.  The smartphone remains hot 

technology because it retains enhancing connectivity using a small footprint.   

A key reversal of the smartphone was reverting back to media that was not used 

as a production tool.  Smartphones have retrieved third spaces to meet sociological needs 

and while meeting these social needs, they have lost capabilities to complete work related 

tasks, such as word processing and spreadsheets.  Smartphones, as they have been pushed 

to their limits, have become entertainment devices.  Lost is the media, tools, and the 

ability to store resources for later retrieval.  The tablet retrieves the production 

capabilities of Laptops and PC’s (Taylor, 2014).  The tablet retrieves interface 

capabilities that allow for smart technology and transparent computing to progress. 

It is too early to determine what Tablets will reverse.  Tablets have not been 

pushed to their limits (Taylor, 2014).  Following the Laws of Media it is acceptable to not 

realize what the media reverses when it is first introduced.  Reversals are often not 

realized until after the media has been obsolesced.  Time will tell. 

In the 1960’s science fiction movies offered a glimpse at future media.  Predicting 

what the media would enhance and what it would make obsolete was part of the fun of 

predicting the future.  The movie 2001: A Space Odyssey provided Hollywood’s 

rendition of future technology.  In this spirit of envisioning, in 1968 Alan Kay developed 

plans for a technology device that resembles today’s tablets (Allan, 1972).  Kay’s tablet 

computer concept was approximately the size of a notebook, had the ability to display 

print quality characters,  included dynamic graphics abilities for displaying reasonable 
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quality images, and was capable of several hours of streaming media (voice, music, and 

video).  The active interface included a keyboard for text, stylus for sketches and image 

drawing, microphone for voice recognition and voice commands, and an interactive 

multi-touch display screen.  As a connectivity device, the Dynabook could serve the 

function of a traditional terminal station or connect wirelessly to centralized information 

services, ultimately instantiating and abstracting information from these services 

(Holwerda, 2010).  Applying McLuhan’s Laws of Media, this technology would have 

been very hot and had the potential to have a significant impact on societal behavior.  

Unfortunately it would take several years and several generations of hardware 

development before this concept became feasible. 

Apple was the first computer manufacturer to attempt a version of Kay’s 

Dynabook concept.  The Apple Bashful tablet prototype appeared in 1983 (Ganapati, 

2010).  The Bashful tablet design was under development alongside the Apple IIe and 

various designs included an attached keyboard, portable storage with a floppy-disk drive, 

in input stylus, telephone connectivity and a handheld carry-case.  The Bashful design 

never made it past prototype development and was never released. 

While the GRiDPad 1910 is essentially a portable PC-XT computer, first 

introduced in 1988, it is recognized as the first manufactured tablet (Bort, 2013; 

“GRiDPad,” 2013).  Jeff Hawkins, who later left GRiD to form Palm Computing, was 

instrumental in the design of the pen based interface (Steele, 2011).  A pen-like stylus 

device was hard-wire attached to the GRiDPad and interfaced with a 640x400 backlit 

monochrome touchscreen CGA display.  Storage was achieved using two ATA-FLASH 

slots.  The GRiDPad was the first device to incorporate Hawkins handwriting recognition 
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technology.  Hawkins later refined this technology into Graffiti that was used by both 

Apple, in the Newton, and Palm, in the Pilot.  Because of the expensive price of the 

GRiDPad, a hefty $2,370 (Steele, 2011), the market was predominantly industrial 

business, Chrysler, and the government, U.S. Army and law enforcement agencies. 

Following the GRiDPad, there was a surge in pen based interface research and 

development.  The pen interface was seen as a challenge to the traditional mouse and 

keyboard interface.  In 1989 Wang Laboratories introduced Freestyle, a stylus based 

system that was a component system that could be added to an existing PC.  Freestyle 

technology enhanced collaboration and editing by providing users the ability to write on 

any electronic file.  Noteworthy handwriting technology contributions were made by 

Charles Elbaum, who developed NestorWriter handwriting recognition, and 

Communication Intelligence Corporation, which developed the Handwriter recognition 

system (Blickenstorfer, 2005).  By 1991, when pen interface development was at its 

pinnacle, Microsoft articulate concerns that pen based computers could replace traditional 

PC’s and provide serious competition to the windows based system and responded by 

developing Pen extensions for their products. 

Using the Laws of Media we could have predicted the evolution of the PDA.  The 

PDA enhanced pen based technology, taking it to the next level and incorporating 

increased mobility.  The PDA made obsolete keyboard and mouse interface technology.  

Handwritten language was retrieved and added to the technology.  When the handwriting 

technology was pushed to its limits, when all data entry required the use of a pen or 

stylus, data entry became very slow and non-intuitive.  The technology began to fail and 

reverted back to an interface that resembled filling out form after form after form.  Pen 
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technology lost the intuitive nature of modern systems and was perceived as difficult to 

use.  However the PDA evolution remains an important segment in the development of 

the tablet (Anderson & Blackwood, 2004). 

The first to capitalize on the PDA technology was the Tandy Zoomer PDA.  Palm 

Computing teamed with Tandy and Casio to develop the touchscreen, free styles PDA 

device and introduced it in 1992.  Because the Zoomer was designed with a NEC V20 

processor, which is an 8088 Intel processor clone, it was partially PC compatible.  This 

allowed the Zoomer to run most PC generated applications (Galvanash, 2011).  The 

obvious limitation was the absence of a keyboard. 

Shortly following the Zoomer, in 1993 the Apple Newton was released.  The 

Newton included application software for taking notes, maintaining a contact data base, 

making calculations and time zone maps.  The Newton was Apple’s first entry into the 

pen based, smart technology sector and second entry in the tablet platform sector.  

Unfortunately the Newton is regarded as Apple’s biggest flop (Steele, 2011).  The 

Newton was originally called the Figaro and was intended to use a touch-sensitive active-

matrix interface.  After development setbacks, Apple refocused the project into a smaller 

styles based product that was light on features.  The result was the Newton with 

handwriting technology that was problematic.  Ironically, Apple’s biggest failure was the 

foundation for their greatest success, the iPad. 

In Japan, in 1993, the Sharp Zaurus controlled the PDA market.  The Zaurus used 

handwriting recognition technology and a stylus based interface that was superior to the 

Apple Newton (Blickenstorfer, 2001).  The Zaurus originally ran on a proprietary 

operating system but later migrated to the Linus Operating System.  This permitted third 
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party development of application software.  While it was very successful in Japan, Sharp 

succumbed to market pressure, created by the Newton, and added a miniature keyboard 

when it entered the US market in 1995.  This was the beginning of the end of pen based 

computing. 

By 1995, thanks to Windows 95, laptop technology had stabilized and laptops 

offered consumers mobile computing that was fast, smaller, and more reliable.  While 

Microsoft included Pen Services in Windows 95, slate computers and pen computing 

were obsolesced.   Samsung and NCR stopped development of pen based products.  

GRiD was purchased for its manufacturing capabilities and all pen based product 

production was terminated.  Pen computing research and development companies, such 

as Dauphin and GO, went bankrupt.  Compaq, IBM, NEC, AST, Fujitsu, and Toshiba 

discontinued all Pen Computing products.  By the end of 1995, Pen Computing was dead 

(Blickenstorfer, 2005). 

The introduction of the Palm Pilot in 1996 was the defining moment when the 

PDA technology separated itself from tablet computing into a category of its own.  Using 

the Laws of Media we see that the pilot retrieved Pen Computing and enhanced it by 

making it much smaller.  Rather than trying to compete with the entire PC industry, Palm 

created the PDA sector by focusing on personal communication tools: contact lists, 

schedule organizer, memo pad, and reminders.  With its reduced size, reduced price, and 

improved Graffiti handwriting recognition system, the Pilot was the first successfully 

marketed PDA (Lammle, 2012). 

The origins of today’s tablets can be traced to Comdex in 2000 when Bill Gates 

addressed the convention with software architect Bert Keely (Steele, 2011).  Keely 
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presented a tablet PC prototype that supported handwriting recognition with the full 

functionality of a PC.  Microsoft had developed a Tablet PC edition for Windows XP.  

Following the Laws of Media and the precept of retrieval, in 2001 Bill Gates predicted 

that by 2006, the tablet PC would capture the industry (Lammle, 2012).  By 2002, 

Compaq, Fujitsu and ViewSonic were shipping tablet PC’s running Windows XP Tablet 

PC edition.   

With the backing of Microsoft and the standardization of software, using the 

Windows XP Tablet PC edition, slate and tablet computers begin to reappear.  New 

companies, such as Motion Computing, were formed that specialized in slate tablet PC’s.  

There were two reasons why tablet technology was successful this time around.  First, for 

all the years of development, from the concept of the Dynabook, the hardware technology 

was finally ready to support interactive smart systems.  And second, following the Laws 

of Media, the extreme concept of replacing all keyboard input with handwriting and voice 

reverted to an impossible design task.  Microsoft wisely recognized the potential reversal 

and downplayed handwriting in favor of a new design feature, digital ink (Blickenstorfer, 

2005). 

While the tablet PC market grew and evolved, it remained the ugly step child of 

the PC industry.  The market segment remained relatively small and product development 

was unfocused.  Growth barriers included a relatively high cost of tablets and the 

competition from low-cost laptops, now called netbooks (Schedeen, 2010).  Tablets had 

not established a market identity.  Meanwhile, Apple had identified Fingerworks, a small 

gesture recognition technology company, developing TouchStream, a multi-touch 

technology.  The introduction of the Apple iPhone in 2007, used the Fingerworks 
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TouchStream, and pushed multi-touch technology forward (Schedeen, 2010).  Tablet 

developers embraced the technology. 

In April of 2010 Apple launched the iPad.  This tablet was Apple’s third attempt 

at a tablet media device and became an instant success.  Apple sold 3 million devices in 

80 days and even though it was released a quarter into the year, managed to acquire 75% 

of all tablet sales for 2010 (Steele, 2012).  The iPad media retrieved the slate size and 

design functionality that Microsoft had reintroduced with the Windows XP Tablet PC 

edition.  Like Microsoft, Apple did not focus on handwriting recognition with this new 

generation of media; instead they enhanced features and technologies found in the iPod 

and iPhone (Steele, 2012).  The iPad enhanced the multi-media experience by combining 

the TouchStream technology of the iPhone, the entertainment functions of the iPod, and a 

larger visual surface area.  The iPad also enhanced mobility by infusing persistent 

technology that establishes connectivity to the iCloud, for the purposes of acquiring and 

synchronizing data, and provided The App Store, to distribute tools and content.  During 

the design stages of the iPad, Apple struggled with the inclusion of a keyboard.  Jonathan 

Ive, Apple’s senior vice president of industrial design, made the decision that mutitouch 

technology had advanced to the point that made the keyboard obsolete and unnecessary.  

Also obsolesced from the iPad was the stylus, replaced by a simple finger, and a tether to 

a PC; with iCloud the need to dock with a PC was eliminated.  Taken to its extreme the 

iPad reverts to a toy.  Recent generations focus on hardware updates that increase 

graphics, high resolution Retina display, and gaming, faster A5X processor (Kovach, 

2012).  At its extreme, the iPad uses Apps that are time consuming meaningless 

entertainment, provides a vehicle to watch video, and works as a glorified web browser.  
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Without a keyboard and productivity software the iPad struggles to be accepted as a work 

environment tool (Yarow, 2013).   

The release of the Apple iPad defined the new tablet media sector, but there were 

competitors that were feverishly designing and developing products in parallel to the 

iPad.  As Apple had used the iPhone iOS as the foundation for the iPad OS, Google was 

advancing the Android platform to be a viable option for tablets.  In late 2011 Samsung 

released the Android based Galaxy Tab, Motorola released the Android based Xoom, and 

HP released the webOS based TouchPad.  These iPad alternatives struggled, faltered, and 

failed with consumers (Reed, 2013).  Using reversal analysis, these products reverted to 

high prices that were considered too high for the media, approximately $600 per unit, and 

reverted to implementing underdeveloped OS software, which tried to do too much too 

soon.  As manufacturers made improvements to their technology, adjusted their pricing 

structure and remained committed to Googles open source, evolving Android OS, they 

slowly gained market share from the iPad.  After consistently gaining on Apple in each 

fiscal quarter of 2012, Android tablets have taken the lead and, in the first quarter of 

2013, account for 56.5% of the tablet market and Apple has fallen to below 40% (Singh, 

2013).   

In 2004 Amazon introduced the Kindle e-reader and profited from the electronic 

book market for several years.  In 2009 they recognized the threat that the Apple iPad 

would pose with Apple’s iTunes and iBooks stores.  While other manufacturers 

attempted to compete against the iPad with bigger screens, faster processors, increased 

memory and built in hi-tech features, Amazon took a much simpler approach.  Amazon 

designed the Kindle Fire to undercut the iPad price, by a lot (Carmody, 2011).  The 



67 
 

 
 

kindle fire was designed with the minimum features necessary to provide a decent 

positive entertainment experience and was extremely aggressively priced, $199 compared 

to Apples $799 (Bort, 2013).  This proved to be a winning strategy and the Android 

community took notice. 

The impact of the iPad and tablet media on the PC market has been devastating.  

PC manufacturers are seeing technology media market share in both laptop PC’s and 

Desktop PC’s shrink (Kuittimen, 2012).  PC technology is being obsolesced and 

manufactures of these products need to evolve or they will die. 

Microsoft and Bill Gates, realized as early as 2007 that survival into the next 

generation of media would be through tablet technology (Mims, 2012).  At the 2007 

Consumer Electronics Show Bill Gates demonstrated Microsoft’s first vision of the touch 

technology computer.  While Microsoft was busy developing the technology to support 

touch media, windows 8, they were experiencing increased competition from Apples iOS 

and Googles Android Operating Systems.  In order to reflect Microsoft’s core values, 

extract the fullest potential from Windows 8, and maintain the competitive edge, they 

concluded they need to enter the hardware manufacturing segment and create their own 

tablet (Pierce, 2012).  The result was the Surface which debuted in 2012.  The surface is 

closer in design to a PC laptop than an iPad and retrieves the media to be productive with 

technology.  The Surface has an available keyboard, the ability to run the application 

software typically associated with a PC, and maximizes the full power of Windows 8 

(Lardinois, 2013).  Currently the Surface trails the iPad and Android Tablets in sales, but 

is gaining acceptance.   
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Educational Context 

The media of smart technology and the tablet computer have been infused into 

society and culture.  Education now has the task of assimilating this media, smart 

technology and the tablet computers, into classrooms and curriculum.  One approach 

would be to make decisions of implementation from the measured impact the media has 

on student achievement.  McLuhan would argue that this misses the true impact of the 

media.  McLuhan argues that the medium is the message and that the content of the 

message “plays a massively subordinate role” (McLuhan, 1964).  There is a huge amount 

of technology involved with the delivery of tablet technology.  As this technology is 

infused into society, the mechanics that make it work are assumed and surmised.  As the 

media evolves, the medium becomes, for all intents and purposes, invisible.  The impact 

on education is that we must pay more attention to the media that we are employing as 

forms of study.  Educators should not focus merely on the hardware skills and the use of 

the technology as a production tool, but the nature of the awareness of the media 

operation.  Education must address the impact of the media on culture and society, not 

just the simple skill required to use the media.  As McLuhan explained, “The medium is 

the message” (McLuhan, 1964). 

The New Media Consortium, the Consortium for School Networking (CoSN), and 

the International Society for Technology in Education (ISTE), have joined together to 

study these emerging technologies (L. Johnson, Becker, Estrada, Freeman, & Ludgate, 

2013).  Their work began in March of 2002.  Each year these research partners identify 

and explore current technology to identify the areas that show promise in positively 

impacting teaching, learning, or creative inquiry (L. Johnson et al., 2013).  In 2013 they 
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identified cloud computing and mobile learning as having a near term impact on 

education (L. Johnson et al., 2013).  Near-term is defined as within the next 12 months. 

Just as the telephone had an impact on everyday life in 1876, cloud computing 

and mobile technologies have become an inescapable part of modern living.  Evidence a 

given technology has become a cultural norm and expectation is validated by the creation 

and manufacturing of that technology as a child’s toy.  Fisher-Price makes a Laugh & 

Learn Smilin’ Smart Phone designed for recommended ages 1 Year 1 Month to 5 Years 1 

Month.  It follows that cultural norms and expectations would demand this technology to 

be infused into the educational system.  As the internet continues to evolve into an 

individual’s third space, the media must be available that allows them to work, play, and 

learn via cloud-based services and apps using smart technology devices, such as tablets 

and smart phone.  The media must be present to teach appropriate use of the technology 

and content (L. Johnson et al., 2013). 

Cloud computing has changed how our children interact with the world.  Instant 

communication, instant information, and instant entertainment are placed at their 

fingertips.  Current technology supports collaborative, broadcast, one-to-many, and one-

to-one public and private social connections (L. Johnson et al., 2013).  The iPad, Android 

tablets, and the Surface are all designed expressly to take advantage of cloud technology, 

and because their cost is significantly lower than traditional PC’s and laptops, they are a 

viable option for one-to-one learning. 

The key to the infusion of mobile devices is smart technology.  In the era of VHS 

video cassettes and programmable VCR’s, older generations were confounded by the 

complicated scheduling process.  However children found the operation of the VCR very 
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simple and intuitive.  Where adults had expectations of how these devices should work 

and became closed minded when they did not work as desired, children were open 

vessels with curiosity which allowed them to experiment and learn until they experienced 

success.  With touchscreen interfaces we see ease of use with today’s mobile devices.  

Smart technology and media is intuitively designed so that even young children can 

immediately and easily interact with a tablet or smartphone (L. Johnson et al., 2013).  It is 

clear that mobile devices are the new alternatives to endless learning, collaboration, and 

productivity.  

Many Economists believe that for America to remain as a world power, we must 

continue to lead the world in innovation.  Today innovation is rooted in the development 

of Technology.  This has created an unprecedented demand for a technology skilled labor 

force. In the field of education this translates into early exposure, emersion, breadth of 

choice and a greater depth of understanding of technology.  Following McLuhan’s lead 

we are now seeing students learn about the media, how to work with hardware, program 

smart technology applications, and develop cross-platform multi-media solutions.  While 

production use of the media is important, simple drag and drop usage cannot be our focus 

(L. Johnson et al., 2013). 

As technology in education moves forward, big data and analytics are being used 

to gain insights about student behavior and learning (L. Johnson et al., 2013).  In business 

big data is storing large quantities of information that have been archived over a long 

period of time, and by extracting the data, using very specific criteria, evaluation and 

decision making is improved (Picciano, 2012).   Learning analytics uses analytic 

techniques common in business to study big data relationships to make data driven 
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decisions.  In education, learning analytics uses data mining, decision trees, and strategy 

maps to decipher and predict trends and patterns from educational longitudinal set of 

student-related data, to establish predictive models and determine possible courses of 

action to current problems (L. Johnson et al., 2013; Picciano, 2012). 

Learning analytics were first used in education by focusing on the special needs 

of at-risk learners.  By modifying curriculum and objectives for these learners, there was 

an increase in student retention.  Learning and course management systems have now 

been developed that use big data to examine learning objectives and outcomes.  By 

correlating student-specific data with goal-specific objectives, curricula can be 

customized on an individual basis.  The primary advantage of learning analytics lies in 

how analytic information can inform instructional practice in real time (L. Johnson et al., 

2013).  As a result curricula, delivery systems and platforms are all personalized for the 

individual student.  Analytics software is being designed and used by schools as a 

predictive and diagnostic tool to evaluate how well students will perform on standardized 

assessments and provide a support and intervention mechanism (West, 2012).  Schools 

are employing data mining analytics techniques to make the post-secondary advising 

more efficient and accurate.  In the future we can expect mobile smart software that will 

coach students toward productive behaviors and habits that will lead to their success (L. 

Johnson et al., 2013; West, 2012) 

Open content provides instructional material free of charge and copyrights that 

allow for unrestricted duplication and distribution.  Open content originated with David 

Wiley who was interested in creating a repository of learning objects that could be used, 

free of charge, to construct educational material (Wiley, 2006).  His concept was first 
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realized when MIT decided in 2001 to make much of the content used and produced by 

their faculty available for free on the web, under an open license, when used for 

education purposes (A. Lane, 2013).  The term Open Educational Resources (OER) was 

adopted and is used to describe open content in the educational setting.  OER is gaining 

momentum as collaborative teams create, develop and share resources (L. Johnson et al., 

2013).  The result is a growing data base of effective and free curriculum alternatives.  

This predominantly web and cloud based curriculum relies on smart technology and 

tablet computers provide the perfect delivery media. 

As learning analytics evolve and open content emerges, laboratory experiences 

remain the major huddle to true individualized and on-line learning.  The solution to this 

dilemma is to harness cloud technology and smart technology to create virtual and remote 

laboratories, and they are on the far-term horizon (L. Johnson et al., 2013).  The far-term 

horizon is defined as within the next five years.  In the practical sciences lab experiences 

are an integral component in the comprehension of concepts and their application to real 

settings.  Few would argue that the benefits from working in a real laboratory, under the 

pressure of limited time, using the limited resources and knowledge available at that 

moment and the requirement to troubleshoot real equipment in real time is immeasurable 

(Nedic, Machotka, & Nafalski, 2003).  However, when lab space, lab time and cost of lab 

support becomes a challenge, the advances in virtual and remote labs, while not optimal, 

do offer an alternative solution (Chen, Song, & Zhang, 2010; Nedic et al., 2003).  

Specifically virtual and remote labs have the advantage of providing great flexibility; 

they provide 24/7 access, and provide a very safe learning environment for experiments 

that require the use of dangerous equipment; they provide a safety margin for making 
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mistakes (Chen et al., 2010).  From a pedagogical perspective, virtual and remote labs 

have the advantage of being conducted numerous times allowing for improvement in 

efficiency and precision.  In addition to virtual and remote labs and in the very near 

future, 3D printers will enter the mainstream educational setting and will introduce a new 

tactile learning environment previously not possible.    

Educational Implications 

History defines eras by the events, culture and technology present in a given time 

period.  Today our culture is being defined by high speed communication, social media 

and smart technology.  Our children are being raised in the information era.  Each era 

requires a transformation within education.  Paradigm shifts are required to meet the 

changing needs of society.  Current paradigm shifts in education in Educational 

Technology include digital textbooks, video content curriculum, increased student 

electronic activity monitoring, electronic assessment, flipped classrooms, online learning, 

hybrid learning, and harnessed social media models (Barber, 2012).   

 The games and activities that engage children have evolved along with 

technology.  Game-based learning is building momentum and gamification is a major 

shift in the way students learn and acquire knowledge (Savitz, 2012; Watters, 2012).  As 

the internet becomes increasingly prolific, children are spending their free time exploring, 

playing, learning and socializing in this new environment.  Social networks, such as 

facebook, twitter, and myspace have altered the landscape of human development.  This 

new technology affecting human behavior cannot be ignored.  Educational institutions 

must embrace this opportunity to benefit from Cloud and Collaborative environments and 

hybrid learning models by utilizing Cross-Platform Integration, Vendor Collaboration 
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and the Competitive Marketplace (Savitz, 2012).  Online learning environments must 

emphasize Adaptive learning and personalize the educational learning experience for 

each student (Savitz, 2012; Watters, 2012).  The introduction of Instructional Delivery 

Hybrid models provide students the advantages of participating on campus for some 

activities while fulfilling other requirements digitally using technology (L. Johnson et al., 

2013).  The mobile media is the key tool visualized as the delivery system for these new 

technologies (Watters, 2012). 

 Technology provides a vehicle for improved collaboration, cooperation, 

participation, and contribution.  Social Media is technological weapon added to an 

educators arsenal of tools to modify, shape, and monitor student social behavior.  Social 

media provides the vehicle for new ways for people to interact, present ideas, and 

communicate (Garst, 2013).  Current events are no long simply reported or even shared, 

they are monitored as they happen.  Social media adds the new dimension of oversight as 

reactions, opinions and feedback are targeted, relevant and produced live.  The use of 

social media as a communication tool by scientists, businessmen and educators validates 

it as an emerging technology (Lederer, 2012).  People are becoming more engaged and 

teaching social media is preparing our children for the future (Garst, 2013; L. Johnson et 

al., 2013). 

 As people become more engaged they want more control.  Parents, children, and 

the community have identified the need to overcome the boundaries, challenges, and 

barriers the lack of education presents.  Aside from gender, racial, cultural, and economic 

inequalities in the educational process, the current educational system cannot meet the 

demands of the growing global economy.  As the baby boomers leave the workforce and 
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the skill set required for the new economy requires more advanced expertise, only 20 

percent of the workforce remaining will have the necessary competences for the new jobs 

that are being created (M. King, 2009).  

The Open Education movement, to facilitate the new economy competencies, is 

changing the way educators do business.  Educators are improving education by making 

educational resources visible and accessible and embracing social production and 

collaboration as necessary skills in the global digital economy (Iiyoshi & Kumar, 2008; 

Peters, 2007).  Educational delivery systems that provide open resources, ease of access, 

flexibility, and robust feedback are becoming increasingly valuable (L. Johnson et al., 

2013).  Open education as a paradigm alternative means more than just free in economic 

terms (L. Johnson et al., 2013).  Open education means free from all barriers.  New 

technology has changed social practices of production and how we make and exchange 

information (Peters, 2007).  Open education provides and educational delivery system 

that supports educational materials that are freely reusable, revisable, remixable and 

redistributable (Wiley, 2007).  All resources are easily accessible, and readily sharable 

(L. Johnson et al., 2013).  Technology is a key component to the success of Open 

Education and one response to its implementation is Bring Your Own Device (BYOD). 

 The economic impact of BYOD on school systems shifts resources from end 

devices to infrastructure (CISCO, 2012).  As the cost of technology drops, more students 

gain access to personal smart technology.  As the number of devices grows, school 

districts will be faced with policy decisions over open access and how to manage the 

technology so that it integrates seamlessly into schools (L. Johnson et al., 2013; Vess, 

2013).  At the heart of Smart technology, Open Education, and the Digital Economy is 
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providing a one-to-one learning environment which lacks funding where BYOD is a cost 

effective strategy (Stavert, 2013).  School districts are challenged with balancing equal 

access to technology-rich experiences, which requires the district to provide electronic 

devices to special populations, and the simplicity of BYOD, which is progressive and 

student centric (Davaney, 2012; Dixon & Tierney, 2012).  The districts future success 

will be measured by how well these emerging technologies are assimilated and 

incorporated into the districts’ educational delivery systems (Alberta, 2012). 

 Smart Education is providing BYOD devices the Interactive Technology that 

provides greater flexibility and an individualized approach to meeting the social and 

educational needs of the learner.  Smart Education “SMART” is an acronym that refers to 

Sensitive, Manageable, Adaptable, Responsive and Timely (Emerald, 2004).  Currently 

the internet serves as the delivery vehicle for an abundance of open access resources, 

collaborative networks and interactive interfaces, and it is possible to reach wider and 

more diversified audiences (AT&T, 2011).  Interactive technology places the student in 

an active and engaged role that fosters learning and facilitates retention rather than in a 

passive role of a vessel receiving information poured on them by a teacher, textbook, or 

video (Soltani, 2012; Utah, 2013).  As educators we must reexamine the role of the 

classroom as an educational delivery system and the impact of SMART.  Educational 

systems must consider the changing educating needs of students in a world with open 

access to an overabundance of raw information and teach the skills required to navigate 

in this new world (Hwang & Kwan, 2010; Ku, 2013; Oostveen, Muirhead, & Goodman, 

2011).  In this world students need the skills to access, filter, and process the credibility 

of information.  In this world the skill to use SMART technology is paramount (L. 
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Johnson et al., 2013).  The tablet computer has become ubiquitous and is an excellent 

mobile device to deliver Interactive Technology and SMART education to improve 

student engagement and achievement (L. Johnson et al., 2013). 

Significant Challenges 

 Business and commerce are the fuel that advances technology in society.  

Innovation and cost reduction provide a never ending stream of updates, revisions, and 

replacements.  The staggering volume of information created daily is daunting.  The 

political pressure on education is to keep up or be left behind.  The impact of the recent 

recession resulted in the disappearance of funding streams and resources.  Educational 

institutions are faced with ever-evolving technology landscapes and shrinking budgets 

and must continue to be innovative and embrace technology that will improve efficiency 

(Cauthen & Halpin, 2012).  The political landscape often limits financial resources, and 

these financial variants often determine the adoption or non-adoption of a given 

technology (L. Johnson et al., 2013).   

 With limited financial resources available, technology budgets are often skewed 

towards capital expenditures, with few resources reserved for scholarship and integration.  

Traditionally, technology integration was defined as the placement of computer 

equipment into the learning environment.  The evolution of technology has necessitated 

the notion of technology integration and literacy to include gathering information, 

collaborating with pears, and produce digital solutions (Holmes et al., 2002).  For 

technology to reach this new level of integration, it must be infused into the educational 

delivery system; ongoing professional development must become a priority (L. Johnson 

et al., 2013).  Technology must be integrated and become a part of the school’s culture 
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(L. Johnson et al., 2013).  While the technology becomes the delivery system of the 

curricula, teachers are the delivery system of the technology.  Teachers are the lynch pin 

to technology integration (Krause, 2013). 

 Unfortunately teachers are not always provided the resources needed to 

incorporate emerging technologies into the classroom.  For technology to be successfully 

integrated into education, it must be ubiquitous and transparent.  However, it is not 

unusual for a school system to mandate the use of a specific technology but not provide 

the necessary training (Krause, 2013).  Teachers are often left to integrate technology 

they don’t understand, like, or have the skills to use (L. Johnson et al., 2013).  It is 

important to provide a support mechanism that includes professional development 

through coaching (Krause, 2013).  Successful integration requires teacher acceptance, 

teacher commitment, and teacher leadership.  To reach this point of integration requires 

teacher involvement in the technology adoption process.  Their opinions matter 

(Krause, 2013). 

 The involvement of teachers in the experimentation with or piloting of innovative 

applications of technology is often viewed as outside the role of the teacher (L. Johnson 

et al., 2013).  Teachers are surrounded by the latest technology devices and are very 

proficient with its use in their personal lives.  However, this personal skill does not 

translate to effective integration of technology into their classrooms (Donovan, Green, & 

Hansen, 2011).  Few teachers have the skills to migrate from teacher-centered uses of 

technology to student-centered growth and development using technology (Donovan et 

al., 2011).  Teachers are a part of the digital native generation and must be encouraged to 

invest in the technology of education.  Without involvement in the process, teachers lack 
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ownership and instead prefer the comfort of the status quo.  This resistance to change, 

compounded with the political overtones and financial limitations creates a formula 

where education as perpetually lagging behind mainstream society in technology 

integration (Donovan et al., 2011; Richard, 2007).  

 As the information era continues to evolve, the lethargic rate at which the 

educational systems are responding to technological advancements is no longer 

acceptable.  The rapid change in technology has impacted the economy by modifying the 

skills needed for the new economy.  The role of education is to provide a skilled work 

force for the new technology (Goldin & Katz, 2009).  Obviously to attain this goal, 

educational institutions must invest in the current technology, replace obsolete hardware 

and software, and manage resources that become obsolete without warning.  The 

traditional acquisition strategy focused on cost and benefit, with little regard to the pace 

and nature of change (Heick, 2012).  These old established educational paradigms are 

being challenged with new innovative smart technology delivery systems.  These new 

models bring educational competition to the table and educators must change the way 

they think (Heick, 2012; L. Johnson et al., 2013).   

Educational institutions are now examining delivery systems that will provide 

them with a competitive edge.  The continued advancement of technology has created the 

perfect platform to implement online instruction using local personnel and resources.  

These delivery systems must provide a high quality of service (L. Johnson et al., 2013), 

provide multiple learning opportunities, be interactive and be dynamic.  Educational 

organizations are struggling to implement online educational material because they lack 

the technical skill to convert courses to an online format and the support to maintain the 
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online systems (Marsh II, McFadden, & Price, 1999).  In response, Massive Open On-

line Courses (MOOC) are using smart technologies and leading the way in supporting 

educational institutions with online delivery (L. Johnson et al., 2013).   

Massive Open On-line Course’s (MOOC) provide an interactive platform to 

delivery educational content to anyone that has access to the internet.  MOOC learning 

design incorporates large scale feedback and interaction, and provides significant choice 

including time, location, topics and level of participation (Lewin, 2012).  Students are 

encouraged to explore topics that interest them and interact with other people from 

around the world, with the same interests.  There is no cost for students to participate in a 

MOOC, which promotes lifelong learning and exploration into areas outside a person’s 

normal discipline (Ryan, 2013).  These new delivery systems are providing impetuous to 

new ways of thinking.  Competition from private secular schools, specialized charter 

schools and for-profit independent providers has applied pressure to the traditional 

classroom delivery paradigm (L. Johnson et al., 2013).   

 The traditional classroom consists of lectures, demonstrations, and formal testing 

for assessment.  As smart technology evolves, educators must begin assimilating new 

technology into best practices.  There is a need to increase the blending of traditional 

formal learning with new informal collaborative learning (L. Johnson et al., 2013).  The 

emergence of the “flipped classroom” demonstrates movement towards blended 

instruction.  In a “flipped classroom” the typical lesson and homework assignment are 

reversed.  New concepts and material are studied by completing short teacher-created 

videos and interactive lessons at home, typically using the internet (Tucker, 2012).  Time 

spent in class with the instructor is devoted to exercises, mastery of concepts, projects or 
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discussions (Ash, 2012).  The classroom becomes an active learning vehicle to improved 

understanding rather than a repository of information.  Curriculum mastery is achieved 

through discussions, collaborations with classmates, problem solving with their peers, 

experimentation and applying what they have learned to new contexts (Berrett, 2012; L. 

Johnson et al., 2013). 

 The information technology paradigm demands personalized instruction.  Each 

learner has a unique background, brings an individual set of skills, and needs 

personalized instruction to meet the expected outcomes.  Personalized learning adjusts 

the pace of instruction to the individuals’ needs and differentiates instructional delivery to 

adjust to the appropriate learning style (Ledesma, 2012).  Learning is personalized by 

using student’s interests and past experiences to add relevance.  Online Web-based 

learning or blended instruction provides personalized instructional opportunities (Duffey 

& Fox, 2012).  The current level of personalized instruction offered is in its infancy and 

additional resources and support by political and educational leaders is needed (L. 

Johnson et al., 2013).  This demand for personalized instruction is the driving force 

behind online courses, educational partnerships, competency-based education, 

blended/hybrid courses, and Open Content (Hill, 2012).  The new technology must 

provide greater learner choice and control.  Differentiated instruction must take the next 

step from small groups to individuals.  Education must become customized for each 

individual student (L. Johnson et al., 2013).  The tablet is an instructional delivery tool 

capable of transforming the standard one-size-fits-all delivery system to a personalized 

instruction system (L. Johnson et al., 2013). 
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 It follows that if educational instruction is customized, then assessment should 

likewise be customized.  Traditional assessment is completed by evaluating a student’s 

level of knowledge at a break point.  But learning occurs on a continuous basis and at 

different speeds for different learners.  Assessment must be ongoing, responsive and 

provide corrective feedback.  Digital assessment provides the opportunity for students to 

self-monitor and self-correct (Davies, 2010).  Digital media, such as web cams or smart 

phones, allow for non-disruptive recording, observation and archiving (Campbell, 2010).   

Capturing the process and evaluating the performance in reaching a solution presents an 

assessment opportunity that analyzes the chosen method and approach (Davies, 2010).  

Assessment, adjustment, and evaluation are significantly improved.  With digital tools 

evaluators can consider cognitive understandings, provide individualized feedback and 

make timely assessments (L. Johnson et al., 2013). 

Lesson Design 

The introduction of technology into our educational system has provided a new 

vehicle for addressing the traditional challenges of maintaining and increasing student 

academic achievement.  Academic achievement is accomplished by designing and 

delivering effective instruction.  Effective instruction does not just happen.  Teachers 

design, create and deliver effective instruction by considering learning theory, human 

information processing, and learning modalities (Milkova, 2014). 

The goal of any instructional designer is to develop a lesson blueprint that will 

have the most impact on academic growth.  By incorporating the fundamentals of 

cognitive psychology into lesson design, meaning incorporating what motivates a student 

to learn, instructional designers can positively impact student outcomes (Gagel, 2005).  
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Ultimately, by using cognitive theory to examining how the brain processes and retains 

information, instructional designers can develop learning opportunities that improve 

instruction by modifying the learning experiences, the learning activities, and the flow of 

the lesson (Gagel, 2005).  By implementing strategies that positively support how the 

mind processes and retains information, instructional design becomes more effective and 

student success improves (Gagel, 2005). 

The creation of an effective classroom, implementing effective instruction, has 

become synonymous with a student centered classroom (Froelich, 2009).  Traditionally 

lesson design focused on what teachers should be doing throughout the lesson cycle.  By 

examining current design theories, such as Universal Design, the Hunter Model, and 

Human Information Processing, we observe that effective instruction must focus on 

student behavior and student activities (Froelich, 2009).  By choosing strategies that 

center on student activities, behaviors, and relevance, students will be more motivated, 

participation will be higher, and student success will increase (Milkova, 2014).  

Computer Aided Instruction is a lesson design that focuses on independent 

learning for each student.  Instructional activities are designed to take advantage of 

instructional technology and provide an individualized learning program for each learner.  

The results of earlier programs in Compute Aided Instruction did not produce stellar 

results.  The more current blended model, Personalized System of Instruction, is teacher 

directed and combines the advantages of a personalized learning program, the motivation 

of computerized activity driven lessons, and the support of the teacher as an instructional 

coach (Svenningsen & Pear, 2011).  The introduction of this newer form of Computer 

Technology has many policy makers visualizing a transformation in teaching, learning, 
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assessment, communication, and administration (Zucker & Hug, 2007).  However, the 

current generation of Tablet Technology is creating more questions and challenges than 

solutions.  The hardware development is increasing rapidly and is often implemented 

without clear direction of purpose or impact on learning. 

Connecting learning and technology requires an understanding of the capacity and 

capabilities of what technology can actually accomplish and designing strategies that use 

the technology as a vehicle to master the learning objectives.  Effective infusion of 

technology into curriculum requires human facilitators that are masters of their content 

and can broaden learning objectives to include real-world applications.  With proper 

direction, technology creates learning environments that promote active learning, 

independent pacing, authentic expression, and the use of higher order thinking skills 

(Svenningsen & Pear, 2011).  This creates a shift in teacher responsibilities from 

information repositories to facilitators, coaches, managers and mentors.  It is imperative 

that computers are not introduced into the learning environment because they are new, 

innovative and cool.  Technology must not be the focus.  Instruction, problem solving, 

interrelationships and experiences must be the focus with technology being the vehicle 

(Svenningsen & Pear, 2011).  Using technology as a vehicle to achieve effective 

instruction, connecting learning and technology requires purposeful direction and 

planning.    

Well-designed lessons provide instructors a road map that creates a journey for 

the learner and guides them with what needs to be learned through the activities that will 

get them to their destination (Seamon, 1999).  Preparing an effective lesson plan begins 

with stated objectives for student learning.  With established objectives the plan should 
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map appropriate learning activities that catch the attention of the learner and meet the 

needs of different learning styles.  Upon completion of the learning activities, some 

strategy of evaluation must be implemented to measure the mastery of the learning 

objectives and obtain feedback from the learner to help drive future plans.  An effective 

lesson plan is not a detailed teaching script that considers every possible scenario or 

student question.  It is rather a plan that provides motivating activities that capture the 

learners’ attention and engages both the student and teacher in the learning process 

(Seamon, 1999).  While many lesson design models exist, information technology 

strategies can be found in the Universal Design model, Madeline Hunter Mastery 

Teaching model, and Informing Lesson Design model. 

Universal Design for Learning model focuses on individual variability and 

flexibility within the learning experience (McGhie-Richmond & Sung, 2013).  The 

driving force behind Universal Design for Learning is a framework that encourages 

learning activities that are so varied and robust that they meet the needs of all learners 

(U.S. Department of Education, Office of Vocational and Adult Education, 2012).  

Within the Universal Design for Learning framework, all activities consider three 

primary brain networks.  The Recognition Network gathers facts and categorizes our 

stimuli by answering the “what” of learning.  When planning and preforming tasks we 

use the Strategic Networks and address the “how” of learning.  The final brain network, 

the Affective network, provides the motivational force that interests, excites, and 

challenges by providing the “why” of learning.  By developing lessons that consider the 

three brain networks, activities can be created that address the diverse needs of all 

students. 
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Fundamental to the Universal Design for Learning is to ensure that the learner is 

always engaged and committed to the learning process.  This necessitates the instructor 

using multiple methods to deliver the teaching objectives and ensure that the learner 

becomes and remains engaged with the instruction (Lancaster, 2011).  When applying 

Universal Design for Learning to lesson design, instruction recognizes the diversity in 

learning styles and provides multiple means of representation, action and expression, and 

engagement (CAST, 2011).  Within the Representation principle, learner perception and 

comprehension are considered when developing learning actives and assessment (CAST, 

2011).  The Action and Expression principle immerses and engages the learner 

physically, through expression and communication, in the learning process (CAST, 

2011).  The final principal of Engagement provides the motivation by purposefully 

providing choice, autonomy and self- regulation (CAST, 2011).  As advancements in 

technology increasingly provide individualized and increased access to all forms and 

levels of curriculum, the Universal Design for Learning model provides the framework 

that allows the implementation of technology to address the many leaning variations 

(Dalton & Brand, 2012). 

A major weakness of Universal Design for Learning and other forms of Mastery 

learning is that they are indifferent to the act of teaching (Guskey, 1988).  To provide 

teachers with support in developing and improving pedagogical skills, lesson design 

theory employs Mastery Teaching models such as Madeline Hunter’s Mastery Teaching 

which focuses on the physical act of teaching.  There are many adaptations of the Hunter 

model that focus on direct instruction, but the true underlying principals focus on a 

teacher decision-making model (Goldberg, 1990; Stein, Carnine, & Dixon, 1998).  While 
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a teacher makes thousands of decisions each day and hundreds for each lesson, all of the 

decisions can be categorized into one of three behaviors: content, learning behavior, and 

teacher behavior (Goldberg, 1990).  From these three behaviors, the principles of 

instruction can be identified in specific teacher actions.  The Hunter Model identifies 

seven distinctive teacher behaviors and creates a framework for teachers to improve 

decisions about the format of their teaching (Guskey, 1988).  From neuroscience and 

memory research, we know that it is imperative to learn new knowledge correctly, the 

first exposure to the stimuli, so that the correct neural connections are created (Wolfe, 

1998).  The seven steps of the Hunter model were specifically constructed to provide 

teachers the tools to ensure that students get it right the first time.  The Hunter model 

identifies seven points in the lesson delivery process that allow a teacher to directly effect 

a student’s motivation to learn (Wilson, n.d.). 

Mastery Teaching principals provide teachers with a framework to make 

thoughtful decisions and direct student learning.  The Madeline Hunter Mastery Teaching 

model separates teacher behaviors into three lesson segments: getting students ready to 

learn, direct instruction, and independent practice (Wilson, n.d.).  Getting students ready 

to learn contains the elements of stating the objective and presenting the anticipatory set.  

The integral parts of input and modeling new instruction, checking for understanding, and 

guided practice are included as elements of direct instruction.  The final component of 

independent practice contains the elements of independent practice and closure (Guskey, 

1988).  With these established Mastery Teaching decision points, it is possible to 

examine the impact of external stimuli, such as technology, on the students learning 

process.  
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The theory of Human Information Processing tries to explain how the mind 

processes and retains information (Klahr, 1975; Moser, 1972; Schraw & McCrudden, 

2013).  This theory identifies the five human senses as the major input and output 

medium used by humans to acquire, store, retrieve, and use information (Schraw & 

McCrudden, 2013).  By designing lessons that incorporate more of a human’s media 

channels, there is increased possibility that the learning objective will be mastered and 

retained (Gagel, 2005).  Within this paradigm, informational technology acts as a catalyst 

to aid the five human senses.  

Human Information Processing defines the first step in the learning process as 

attracting the learner’s attention (Gagel, 2005).  The second step is the evaluation of the 

stimulus to determine its worthiness of the learners’ attention and if the message 

integrates with existing concepts, principles, or ideas and/or is interesting (Schraw & 

McCrudden, 2013).  After the message is received, it is decoded and processed in Short-

Term Memory (Klahr, 1975; Schraw & McCrudden, 2013).  While the learning process 

begins in Short-Term Memory, it is important to understand its limitations of limited 

capacity, ease of disruption, and vulnerability to overload (Klahr, 1975).  When Short 

Term Memory becomes overloaded, the mind grapples to understand and shuts down 

(Moser, 1972; Schraw & McCrudden, 2013).  If attention is disrupted, learning becomes 

disjointed, fragmented, and incomplete (Gagel, 2005).  Effective lesson design will 

incorporate Short Term Memory activities that motivate the learner. 

Motivation is the key to learning (Gagel, 2005).  Informing lesson design 

maintains the learners’ attention by placing motivational activities early in the lesson and 

understanding the need to connect the learning with relevance.  The first stage in the 
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Informing Lesson Design is creating motivation and connecting with previous 

knowledge.  The presentation stage occurs second, once the learner is convinced of the 

lessons value.  During the presentation stage, the lesson must contain strategies that 

present the learning objectives in a relevant manner that balances with the catalyst that 

motivated the learner to attend to the lesson (Gagel, 2005).  The third stage is the 

application step and personally engages the learner with the learning objectives.  When 

designing application activities, the plan should include supervised and self-guided 

applications.  Supervised practice supports the learner as the new information is 

processed and assimilated.  Self-guided practice provides the learner opportunities for 

independent activities that reinforce cognitive connections.  As a final step, the evaluation 

phase verifies and confirms the mastery of the learning objectives.  The evaluation phase 

includes both assessment and formative feedback.  As the lesson design concludes, it is 

important to measure the level of mastery and provide meaningful feedback to the 

learner.  If the learner has become disengaged and loses motivation, the evaluation 

process becomes meaningless.  

The essence of the Informing Lesson Design is that engagement is essential for 

learning.  When designing effective instructional plans, it is imperative to consider the 

importance of attention and motivational strategies.  The impact that instructional 

technology plays as a motivational strategy must be considered.  With tablet technology 

being increasingly infused into the educational system it is imperative to study its impact 

on motivation and ability to maintain the learners’ attention (Gagel, 2005). 
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Motivational Design 

By examining Lesson Design and Mastery Teaching, it is apparent that 

maintaining student engagement is imperative to learning (Gagel, 2005).  Students are 

continuously using sensory receptors to collect information. It is only a myth that 

students do not pay attention. In reality the student’s brain is always paying attention to 

something, although it may not be giving the desired focus on the activity considered 

appropriate by the teacher.  By creating an effective learning environment, the teacher 

can provide the stimulus that motivates the students to focus on the learning objective 

(Wolfe, 1998).  It is important to create a learning atmosphere that is high in challenge, 

low in threat, and peaks the learners interest.  The learning potential of students is 

limitless when they are properly motivated (Chase, 2011; Klem & Connell, 2004).   

Motivational design examines the processes, resources, and procedures that 

impact the elements that motivate students to learn (Keller, 2006).  Motivational Design 

investigates the strategies, principals, and processes that stimulate learning.  Motivation is 

the driving force that energizes students and creates the desire to attend and learn.  The 

ARCS model of motivation, created by John keller (2000) , provides a systematic 

structure of motivational characteristics that can be used to evaluate the effectiveness of a 

motivational strategy.  By applying the model to learning environments and stimuli 

introduced into the environment, such as tablet technology, motivational objectives can 

be measured and analyzed (Keller, 1999). 

The ARCS model was specifically designed to effectively impact motivation in 

learning and is based on expectancy-value theory.  In expectancy-value theory, the effort 

a learner exerts to achieve a goal is determined by the value placed on that goal and the 
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expectation to be successful.  Keller’s (2000) ARCS model identifies four primary 

expectancy constructs of motivation.  These constructs are attention (A), relevance (R), 

confidence (C), and satisfaction (S).  Attention is the primary dimension of motivation 

that feeds the learner’s need for stimulation, arousal and variety.  Attention is affected by 

curiosity and must be maintained throughout the unified learning process.  With 

relevance the learner gains motivation when the stimulus is associated with his personal 

experiences, needs and goals.  Within this relevance dimension of motivation, the learner 

must perceive value in the learning experience.  The confidence dimension of motivation 

provides the learner with a feeling of competency, control, and a likelihood of success.  

Choice, established expectations, and previous success help establish within the learner a 

positive probability for accomplishment.  When a lesson provides attention, relevance, 

and confidence, the learner will be motivated to learn (Keller, 2000).  However to sustain 

the motivation, the learner must acquire satisfaction.  Satisfaction includes the intrinsic 

positive feeling of accomplishment and the extrinsic acquisition of anticipated rewards.  

The learning is satisfying and provides equity to the learner.  By utilizing the ARCS 

model to evaluate student engagement, it is possible to evaluate the impact that tablet 

technology has on the learners’ motivation to learn. 

Previous research 

The Research investigating the impact of current generation tablet technology on 

student learning is in its infancy.  Previous research in this area falls into three distinct 

categories and is delineated by the introduction of the iPad in 2010.  The first category of 

research focuses on Mobile Learning (M-Leaning) and has grown in popularity as 

improvements have been made to mobile and cellular technology (Kinash, Brand, & 
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Mathew, 2012; Traxler, 2005).  Mobile Learning devices include handheld clickers, 

PDA’s, palm PC’s, laptops, pre-iPad tablets, and cell phones.  The introduction of the 

iPad created the second category of tablet technology research (Handy & Suter, 2011).  

This group of technology focuses on browser based tablets, such as the iPad and android, 

where the user is limited to single-task applications (apps.).  The third category of mobile 

technology is the Mobile Tablet PC, such as a Microsoft Surface, and can run the same 

software that is available on a desktop PC (Scott, 2011).   

 M-Learning is the culmination of all technology that puts education in the hands 

of the learner and is ubiquitous in daily living.  M-Learning is achieved by applying 

learning methods and providing educational content to personal portable technology 

devices, such as mobile phones, tablet computers, and handheld computers (Traxler, 

2005).   Early M-Learning research focused on mobile device as an electronic student 

feedback monitoring system, or providing student text messaging reminders and prompts 

to support course content and reinforce good academic behavior. 

 Interested in active learning methods and feedback on student comprehension, 

researchers at Sør-Trøndelag University College, Norway, studied the effects of hand 

held mobile devices as a Student Response System (SRS).  The SRS for mobile devices 

was implemented in the fall of 2009 using the iPod and iPhone in a physics course for 

civil engineering students.  Survey data was collected from 59 students at the end of a 5 

week test period.  Results of the data clearly show that the SRS encouraged students to 

remain engaged during the lecture, participate in the lesson with real time feedback, and 

influence the learning process (Stav, Nielsen, Hansen-Nygaard, & Thorseth, 2010).  This 

study used iOS technology to extend research and findings on proprietary SRS systems 
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utilizing small hardware clicker devices.  The researchers concluded that the benefits of a 

SRS could be economically obtained utilizing existing mobile technology and internet 

enabled software solutions. 

 Short Messaging Service (SMS) technology, more commonly referred to as text 

messaging has emerged as a valuable tool in communicating expectations and reminders 

to students.  This form of the M-Learning paradigm focuses on opening communication 

between the instructor and the student.  During 2008 at RMIT University, School of 

Business Information Technology, a SMS system for information exchange between 

faculty and students was studied.  Faculty members volunteered to use the SMS 

technology to supplement their content delivery.  Students enrolled in 9 sections of 6 

courses participated, and data was collected using an online survey.  Focus groups were 

conducted at the end of the semester to collect qualitative data.  Faculty used the SMS 

system to broadcast message reminders, send assessment feedback, update schedules, and 

provide content links alerts.  The study found that students clearly benefitted from the 

SMS system, so much so that they were prepared to pay for the service (Richardson & 

Lenarcic, 2009).  The study concluded that the real value of the SMS technology was in 

communicating to student’s simple, time sensitive information using alerts and 

reminders. 

   This early research supports the positive impact technology can play in supporting 

student learning, however the implementation of SRS and SMS is very narrow in scope 

(Antony, Ramakrishnan, Joy, & Thottupuram, 2012).  Current technology devices 

include the capabilities to record video or audio, interact and collaborate with classmates, 

and provide access to subject matter experts.  Subsequent M-Learning research focused 
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on content delivery and the digital learning environment (Richardson & Lenarcic, 2009).  

This later research implies that the technology tools available support the capabilities of a 

full computer and are not limited in scope. 

Research at Bond University, Robina, Australia, focused on undergraduate 

students’ experiences and perceptions about mobile learning.  This research went beyond 

the limitations of earlier devices and examined the educational content of M-Learning.  In 

the fall semester of 2010 and spring semester of 2011, 135 students, enrolled in Digital 

Media and Society, were immersed in a mobile technology rich pedagogy.  Quantitative 

data was collected from a questionnaire, and qualitative data was collected from eight 

independent focus groups.  The data in this study indicates that the largest number of 

respondents, with 51% neither agreeing or disagreeing, reported that the mobile device 

had no effect on their learning; however, the data indicated a skew, with 42% indicating 

agreement, that the mobile device had a positive impact on motivating student learning 

(Kinash et al., 2012).  Qualitative data indicated that students used their mobile devices 

more for non-educational apps than mobile learning apps (Kinash et al., 2012).  Of 

interest in this study was that students did not embrace mobile learning and neither did 

they rebel by its required use.  The research concluded that mobile learning and apps like 

Blackboard Mobile are tools that are a part of a natural digital learning experience. 

Early M-Learning research provides evidence that mobile devices have been 

embraced by the digital generation as a tool to enhance the learning process.  The 

introduction of the iPad in 2010 marked a turning point in the perceptions of the 

educational impact of mobile devices and spurred a flurry of research (Melhuish & 

Falloon, 2010).  The iPad marks the second body of digital device research and is focused 
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on media consumption.  The research prompted by the iPad began by studying the impact 

the digital device had on learning. 

In the fall of 2010 Oklahoma State University System began an Apple iPad pilot 

program to study the impact the digital device had on the content delivery of course 

instructional material.  Five sections of two courses, Public Relations Communication 

Methods and Marketing Research, were chosen for the pilot program, and students were 

informed only after they had enrolled for the course.  Students were given an iPad to keep 

and use as their own device for both personal and academic purposes.  Instructors 

modified course pedagogy to maximize the use of the iPad technology.  Student access to 

course curriculum, including the required textbook, was completely electronic.  The 

courses incorporated a variety of apps that promoted electronic collaboration, review, and 

research.  The iPad was used by student to take exams.  Qualitative research was 

collected by each instructor and quantitative data was collected through surveys.  Results 

of the pilot program suggested that the iPad reduced student expenses, primarily in 

savings of electronic textbooks over traditional textbooks, provided a professional and 

personal edge, primarily with the use of the specialized apps, and increased student 

productivity and course engagement, attributed to the mobility of the iPad and infusion of 

technology (Handy & Suter, 2011).  Most notable from the pilot study’s results was the 

absence of an evaluation of academic performance and the predominant conclusion that 

the iPad enhanced the learning experience.  This suggests the iPad as a viable content 

delivery system but raises the question of its effects on academic achievement. 

The Oklahoma State University study results primarily indicated that the digital 

devices, in this case the iPad, can be used as electronic readers (e-reader) (Handy & 
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Suter, 2011).  Using McLuhan’s Laws of Media, these results could have been predicted.  

The research did not demonstrate any true relationship between the uses of the digital 

device and learning; it only demonstrated that a digital textbook can replace a paper 

textbook (Handy & Suter, 2011).  Looking beyond the capabilities of a digital device 

being an e-reader, research at Purdue examined the impact of the iPad on learning. 

During the fall of 2010 and spring of 201,1 Indiana University – Purdue 

University Indianapolis (IUPUI) conducted a study to explore student perceptions as to 

the use of iPad activities that promoted active learning and collaboration.  In this study 

209 IUPUI students enrolled in 9 independent courses taught by Faculty Learning 

Community (FLC) members; volunteer faculty members agreeing to implement iPads in 

technology-enhanced pedagogy, were loaned an iPad to use during a technology engaged 

class period.  At the end of the class period and activity, the iPads were returned.  Data 

was collected using a mixed method survey approach, Likert-scale questions were used 

for quantitative data, and open-ended questions were used for qualitative data.  Results of 

the study indicated that students perceived that the iPad helped connect ideas  (m = 4.343, 

sd = 0.792), increased learning engagement (m = 4.188, sd = 0.809), facilitated the 

transfer of learned skills to problem solving (m = 4.092, sd = 0.8), and enhanced learning 

(m = 4.188, sd = 0.809) (Rossing, Miller, Cecil, & Stamper, 2012).  The findings of this 

research are more compelling than the results in similar studies because they were 

obtained by exposing participants to different teaching styles and interdisciplinary 

content.  The iPad was found to have a positive impact on learning by providing abundant 

access to information and facilitating collaborative learning.  However the iPad’s did 

bring a level of distraction and frustration to the learning environment. 
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With three million iPads sold in the first 3 months of its introduction (Ogg, 2010), 

it is reasonable to perceive the iPad as Hot technology.  McLuhan’s Hot vs. Cold 

technology paradigm validates that the iPad would bring a level of distraction.  With its 

full features extending our senses like never before, the iPad enhances our level of 

awareness and provides a new communication vehicle.  The iPad is new, fun, and cool.  

Research at Nipissing University examined student preference in digital learning device, 

the traditional laptop or the new iPad. 

During the summer of 2011 Nipissing University conducted a small pilot program 

by selecting three summer courses and providing each student an Apple iPad to use 

during the time enrolled in the course.  There were 47 participants across the three 

courses, and none of the participants had prior experience with the iPad.  Research data 

was collected from qualitative observations made by the instructors and qualitative 

responses to survey questions.  The iPads were used to deliver lecture material, view 

electronic articles and books, participate in collaborative activities, and complete 

assessments.  Activities were purposefully created to encourage social use of the iPad.  

The results of this pilot program are not strong.  The pilot program surveys identified a 

change in student behavior in choice of electronic device; 67% used their laptop at the 

beginning of the pilot and only 13% at its conclusion, and a belief that the tablet 

enhanced their learning: 96% indicated the tablet was an effective delivery tool (Mang & 

Wardley, 2012).  The results of this study focus on the impact the iPad has on student 

perceptions of a preferred delivery mechanism. 

The research at Nipissing supports the choice of the digital learner choosing the 

iPad as a consumption device.  Because course content and activities were delivered 
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using an iPad, it follows that the learners would prefer to consume the instructional 

material using the same or very similar device (Mang & Wardley, 2012).  While the 

research documents student preference in using the same digital device for consumption 

as is used for delivery of educational material, the research did not address the digital 

device preference when the instructional content was delivered in a traditional fashion.  

Further research on student preferences was conducted by the Naval War College that 

examined student perceptions and preferences of the iPad’s when instructional content 

was delivered electronically (Bush & Cameron, 2011). 

 An Apple iPad pilot program was conducted by the Naval War College in the 

spring of 2011 to explore the impact of electronic course material in lieu of traditional 

printed material.  Qualitative data was collected from 35 students across three courses 

utilizing a survey with both closed and open-ended questions.  Data was supplemented 

with focus group and faculty interviews.  Results of this research showed the majority of 

students (85%) perceived that the iPad had no real impact on their reading and learning, 

and while students found the file structure irritating, they did not perceive it as a having a 

negative impact on their ability to complete assignments (Bush & Cameron, 2011).  

Additional findings included the majority of students (66%) perceiving the iPad as a 

productive educational tool and the majority of students (81%) using the iPad for 

activities other than reading (Bush & Cameron, 2011).  The data also reported that the 

majority of the faculty (86%) did not perceive that the iPad had a negative or positive 

impact on participation or comprehension (Bush & Cameron, 2011).  However, there 

were notable negative observations about the rise of in-class distraction.  The research 



99 
 

 
 

study concluded that both faculty and students preferred digital course material and the 

use of an electronic delivery device, such as the iPad. 

The research from the Naval War College supports the research from Nipissing 

University that digital devices, specifically the iPad, are preferred by students as an 

educational consumption tool (Bush & Cameron, 2011).  The Naval War College 

findings also recognized the in-class distractions reported by Purdue University.  While 

the research by Naval War College and Nipissing University provides evidence of student 

preference, it does not address impact that a digital device has on the level of student 

involvement in the learning process.  Research conducted at Swinburne University of 

Technology examined how a digital device affects student engagement in the learning 

process (Keane, Lang, & Pilgrim, 2012). 

In Australia, Swinburne University of Technology, Hawthorn examined how the 

iPad and Netbook were used in the classroom and how these devices impacted learning.  

During the 1011-2012 school term two schools in Melborne, that had implemented tablet 

programs, were selected.  Survey data was collected from students and parents and 

anecdotal data was collected from selected staff interviews.  The cross platform study 

found that the distribution of the usage of the iPad across the various content areas was 

greater than that of the Netbook (Keane et al., 2012).  The data also suggested that the 

iPad was used more for interactive tasks, such as virtual experiments, information 

research and games, while the Netbook was used for transactional tasks, such as writing 

papers, turning in assignments and online tests.  In Netbook classes 90% of the students 

rated their teacher’s positively on integration of the technology into the course, and in the 

iPad classes 81% of the students rated their teachers positively on integration (Keane et 
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al., 2012).  Qualitative data collected from teacher interviews suggested that student 

engagement and excitement in learning was increased when using the devices (Keane et 

al., 2012).  The iPad and Netbook improved collaboration, communication, and 

individualized pedagogy.  The authors concluded that while the iPad may be perceived as 

a device with great potential for innovation and student engagement, the level of teacher 

motivation, engagement, and enthusiasm is the key for success. 

 The research investigating the iPad as a digital device has been limited to learning 

content consumption (Keane et al., 2012).  The creation of products and the 

demonstration of proficiency by performance, following the Laws of Media, were 

obsolesced with the decision to not include a keyboard with the iPad.  Research on the 

Tablet PC, that retrieves the production possibilities associated with a keyboard interface, 

comprises the third area of research (Cao, 2014).   

Mobile Tablet PC’s differ from iPads by providing a higher level of functionality 

beyond simple browsing and apps.  The multi-tasking capabilities, file management 

systems, and rich library of production software provide additional opportunities for 

research.  Early studies of Tablet PC’S in the classroom tested student attitudes towards 

the technology.  Scott’s work (2011) highlights the general findings of these studies 

relating to student attitudes.  Scott administered an anonymous survey to introductory 

economics classes.  Students were asked to complete questionnaires rating their opinions.  

The resulting sample size of 91 was representative of the undergraduate student 

population at Monmouth University.  Using a Likert scale (1: Strongly Disagree; 5: 

Strongly Agree), students were asked if the tablet technology helped them to better 

understand the subject material.  With an average score of 4.41 (91.2 percent strongly 
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agreed or agreed), students overwhelmingly expressed positive attitudes towards the 

Tablet Technology (Scott, 2011).  Surprisingly, no one marked strongly disagree or 

disagree.  When asked if Tablet technology should be incorporated into other content 

areas and classes, an average score of 4.62 (95.6 percent strongly agreed or agreed) was 

recorded (Scott, 2011).  Again, no one marked strongly disagree or disagree.  Although 

the limitation of the small sample size does raise concern, the results are so compelling 

that it can be conferred that the majority of students have a favorable view of tablet 

technology and its implementation as an educational tool. 

By studying the Tablet PC’s, research at Monmouth University supported the 

findings of earlier iPad research results that the majority of students embrace digital 

media learning (Scott, 2011).  Research that began by examining M-Learning with 

proprietary limited devices has advanced to digital devices that provide the full 

functionality of a desktop computer.  With the advantage of complete mobility and 

persistent connectivity, Tablet technology was transformed the world into a true 

ubiquitous learning environment (Cao, 2014).   

 A study by Xiao-Bin (2013) found Tablet technology to be the perfect tool to 

support ubiquitous learning.  Xiao-Bin randomly selected 10 freshman English majors 

from a selection pool.  All participants had previous experience with cellular mobile 

technology, but no experience with Tablet technology.  At the beginning of the study, the 

participants were issued an Android based tablet and instructed on its expected use for the 

study.  Analysis of the data found that the students had embraced the technology and 

spent a daily average of 2.39 hours (SD = 1.42) using the tablet (Xiao-Bin, 2013).  The 

research showed that the students used the tablets, on average .61 hours (SD = .62), 
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studying the courses content and learning English (Xiao-Bin, 2013).  This amounted to 

only 25% of the usage time.  The remaining 75% of the usage time was used with third 

space social activities, such as games, surfing the internet, music, movies, and online 

shopping.  Analysis of anecdotal data revealed the advantages of the tablets included 

smart technology, wireless persistent connection, productive applications, and portability 

(Xiao-Bin, 2013).  At conclusion of the study, an attitudinal survey was administered, 

and the results indicated a positive attitude by participants towards tablet PC’s.  Xiao-Bin 

concluded that the tablet is an ideal educational tool that promotes autonomy and 

ubiquitous learning in both formal and informal settings (Xiao-Bin, 2013). 

 The research supports the Tablet as a viable educational tool for delivering 

educational content that is preferred by today’s digital student (Cao, 2014; Xiao-Bin, 

2013).  The question of its effectiveness remains a mystery.  Research was conducted in 

2007, three years before the iPad, which examined the performance effects of Tablet 

devices on student achievement (Enriquez, 2010). 

 Research conducted by Enriquez (2010) found that the positive attitudinal impact 

of the tablet PC reaches past the attitudes of the student and extends to the instructor and 

learning environment.  In the spring semester of 2007, two sections of a required Circuits 

course were paired for the study.  One course at Cañada College received the Interactive 

Learning Network (ILN) treatment and one course at San Francisco State University was 

selected to be the control group.  Both courses were taught by the same instructor using 

the same curriculum and delivery methods.  Students in the ILN used tablet PC’s to take 

notes, complete assignments, and interact with the instructor and other students.  Smart 

technology that was used with the Tablet PC’s included instant chat, electronic 
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whiteboards, electronic notes, and instant surveys.  Results of the study showed a 

statistically significant difference between the test [t(1,35)=2.11, p<.05] and final exam 

scores [t(1,25)=2.17, p<.05] that students in the treatment group scored higher (Enriquez, 

2010).  The INL using Tablet PC’s resulted in better student performance, collaboration, 

attendance, and attitudes.  In an end-of-semester survey students indicated they spent 

more time outside of class on assigned task (6.8 hours per week for the Tablet PC group 

and 5.4 hours per week for the traditional group) (Enriquez, 2010).  The positive gains in 

student performance found in this study can be attributed to interactive communication 

between teacher and students, individualized feedback and assessment, increased student 

engagement, and tablet PC smart technology delivery of content. 

Summary 

 From film strips to video cassette recorders, we have witnessed the impact that 

technology has made on our educational system.  But the impact of instructional media 

on education was not truly realized until the introduction of the personal computer 

(Saettler, 2004).  From science fiction movies to conceptual designs like the Dynabook, 

the reality of a universal ubiquitous learning environment has been a journey of 

challenges and disappointments, until now (Chauhan & Kumar, 2013).  The evolution of 

applied technology, persistent connectivity, and sociological alacrity has created the 

perfect storm.   

 The applied technology discovery and creation of the capacitor was the first step 

in the reduction of the size of electronic devices.  Since that time we have witnessed 

clunky suitcase sized portable computers shrink to the size of handheld devices.  The 

evolution of Tablet technology has enhanced the ability of man to interface with 
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technology and provided a new vehicle to address fundamental sociological needs.  

Software advancement has infused artificial intelligence and smart technology into our 

devices making their operation simple and more enjoyable (Derzko, 2006).  The physical 

technology has arrived to the point of the perfect size, the perfect power, and the perfect 

interface (Laugesen & Yuan, 2010). 

 Digital device connectivity emerged from military communication research and 

now provides the capability of high speed, continuous uninterrupted service.  The 

combined technologies of a high speed ground backbone and meshed cellular tower 

systems provide a level of optimum mobility (Pierre, 2001).  The standardization of the 

TCP/IP networking protocol and the creation of the internet, as an information and 

content delivery system, has revolutionized information access and interpersonal 

communication (“Internet Timeline,” 2007).  The hardware and software infrastructure 

now exists to support unparalleled mobile device proliferation.  

 As technology and mobile devices rapidly spread throughout society, social-circle 

networks emerged as an apparatus to confront social issues created by a digital existence 

(Garst, 2013).  Electronic email, text messaging, tweeting, and personal web pages 

provide humanity connectivity over great distance.  Social media has emerged as a 

replacement for the traditional 3rd space (Ahlqvist et al., 2008).  The advancements in 

technology now enhance our senses by providing rich sources of video and sound 

(McLuhan, 1964).  Humanity has been immersed into an environment where technology 

provides the tools to satisfy our personal needs.  Sociological needs and technology 

influence have changed the way we create, consume and process information.  

Technology has been embraced by society and has become the perfect forum for social 
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interaction and human growth.  The Digital Learner has emerged as the new student 

(Barber, 2012). 

 It is the responsibility of schools to prepare our children to enter society as 

productive citizens.  It is prudent that educators consider models of teaching and 

educational delivery models that explore modern theories of how people learn.  It is true 

that the primary disciplines of reading, writing, mathematics, and reasoning have not 

changed, but the application and integration of these core principals is immensely 

different today than it was a few decades ago, or even a few years ago.  Educational 

pedagogy must evolve with the enhancements delivered by the internet, mobile 

technology, smart media, and social media (Betrus, 2012). 

  The tablet digital device is at the center of this digital storm.  The tablet provides 

a small portable digital device, persistent connectivity to the internet, and the tools to 

participate in social-circle networks.  More than any previous technology, tablet 

technology equips students with immediate and far-reaching access to information.  With 

tablet technology students can access course material and resources from anywhere in the 

world (Gagel, 2005).  Knowledge and learning becomes real, immediate, and applicable.  

More important, students recognize this new form of learning as essential to their 

education.  The question is no longer whether we should use technology or even to what 

extent (Clements & Sarama, 2003).  The question is how we should use technology to 

support the digital learner.   

 We have learned from research that students value interaction, engaging in real 

time feedback, and being included as part of the learning process (Stav et al., 2010).  

Tablet technology empowers students and imbues them with the confidence to contribute 



106 
 

 
 

to the learning process.  Rather than passively receiving a barrage of terms and 

definitions, tablets provide the tools to engage and participate in the learning process 

(Rossing et al., 2012).  Tablet technology encourages student autonomy, increases 

student collaboration, and supports reusable, revisable, remixable, and redistributable 

knowledge. 

 The rate of change in technology presents a continuous challenge for educators 

(Clements & Sarama, 2003).  The evolution of the iPad epitomizes the technology life 

cycle that emerges meteorically and impacts human behavior.  Educators are challenged 

to recognize, evaluate, and implement the ever developing potential technologies that 

impact the ability of children to learn, collaborate, problem solve, and become productive 

producers.  The creation of the digital learner necessitates that we consider the role of 

new technology in the curriculum and its impact on learning (Rossing et al., 2012). 

 A wireless and a mobile environment affect the role of technology in the 

curriculum in one of four spheres (Penuel, 2006).  The first motivating factor that 

supports the integration of mobile computing into the instructional environment is the 

obligation to increase equity of access of digital resources and reduce the digital divide.  

Second, communities depend on schools to facilitate a region’s economic 

competitiveness by ensuring a stable supply of technology enabled workers.  Positively 

modifying the quality of instruction to meet the needs of the digital learner is third.  

Finally, the fourth sphere that is affected by mobile technology is academic achievement. 

Early studies on Tablet technology have focused on student perceptions and 

demonstrated a positive impact on motivation.  Students have identified Mobile learning 

and Tablet technology as a preferred delivery method (Bush & Cameron, 2011; Mang & 
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Wardley, 2012; Traxler, 2005).  The emergence of the iPad and digital learner has 

spurred research in educational technology delivery systems and student attitudes.  While 

the observations and findings regarding tablet technology of these studies are applicable 

to a rapidly growing number of devices, additional research that moves beyond branded 

technologies is needed (Rossing et al., 2012). 

 To date, there are very few published research studies that include the use of 

iPads and other similar tablets in learning contexts (Kinash et al., 2012).  Research has 

focused on the implementation of the technology but not on its impact on learning.  There 

is an absence of empirical research that supports the use of technology as a tool to 

support student learning (Schmidt & Vandewater, 2008).  While the tablet technology 

makes learning ubiquitous (Xiao-Bin, 2013), the question remains as to its influence on 

student achievement.  This study will examine the affect tablet technology has on student 

academic performance. 



 
 

 

Chapter III 

Methodology 

This chapter includes the methodology used to investigate the perceptions and 

attitudes of teachers about tablet technology and the impact that tablet technology has on 

the academic engagement of elementary and middle school children.  In addition to the 

primary question of the existence of a non-parametric correlational relationship between 

tablet technology and academic engagement, the investigation considered the impact of 

tablet technology on Lesson Design.  The study examined the influence that tablet 

technology has on student engagement during seven phases of curriculum delivery 

including lesson focus, principal instruction, modeling with practice, applied application, 

summation, enrichment, and remediation.  This chapter includes a description of the 

research design, population and sample, procedures, instrumentation, procedures, data 

analysis, and limitations of this study. 

Research design 

The research method implemented for this no-parametric quantitative study was a 

cross-sectional survey.  Cross-sectional surveys are frequently used in educational 

research because they are an efficient tool for obtaining attitudinal, belief, and opinion 

data (McMillan & Schumacher, 2009).  The survey method of inquiry is comprehensive 

and efficient (Alreck, 2003).  The comprehensive nature of surveys made it possible to 

investigate the primary question on the impact that tablet technology has on academic 

engagement at each independent point in a lesson’s delivery.  By implementing a 

hierarchical set of research questions, it is possible to find meaning or correlations in the 

attitudes expressed by the teachers (Fraenkel, Wallen, & Hyun, 2011).  Further, the 
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survey design methodology has an advantage of economic design and provides for the 

rapid collection of data (Creswell, 2003).  

According to Creswell (2003), quantitative data can be obtained from studying 

trends, attitudes, or opinions of a population using a survey by examining a sample of 

that population.  Because this research focused on elementary and middle school teacher 

perceptions and attitudes about tablet technology, the survey research method provides an 

appropriate mechanism for obtaining data that may be inferred to all teachers and 

educational environments. 

Research Questions 

The purpose of this study was to determine if the use of tablet technology by 

elementary and middle school grade students, at various focal points in a lesson designed 

and implemented with tablet technology, has a positive or negative effect on academic 

engagement as measured by elementary and middle school teacher perceptions.  

Academic engagement levels were compared holistically and at seven focal points within 

lessons designed to implement tablet technology.  Comparisons and preferences were 

analyzed using the four-factor motivational framework of the ARCS motivational model.  

The motivational elements of incentive, instructional design, collaboration, 

differentiation, support, academic engagement, and student behavior management were 

used to examine the strategies, principals, and processes that tablet technology utilize to 

stimulate learning.  The following questions were investigated in this research study. 

1) Do elementary and middle school students show excitement and enthusiasm 

towards academics when using tablet technology as measured by teacher 

perceptions in classrooms utilizing tablet technology? 
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2) How does the implementation of tablet technology influence the motivational 

behavior of elementary and middle school students regarding academic 

engagement as measured by the perceptions of elementary and middle school 

teachers?   

The teachers’ perceptions of a student’s excitement and enthusiasm were 

measured using survey questions to answer the following non-parametric correlational 

questions. 

a) Is tablet technology an effective delivery system when used to introduce and 

initiate learning as measures by teacher perceptions in classrooms utilizing 

tablet technology? 

b) Is tablet technology an effective primary instructional vehicle for delivering 

the primary content of a learning objective as measured by teacher perceptions 

in classrooms utilizing tablet technology? 

c) Is tablet technology an effective device for monitoring student performance 

and clarifying student understanding of the objectives as measured by teacher 

perceptions in classrooms utilizing tablet technology? 

d) Is tablet technology an effective device for practicing and reinforcing the 

learning objectives through independent practice and original work strategies 

as measured by teacher perceptions in classrooms utilizing tablet technology? 

e) Is tablet technology an effective device for concluding and summarizing the 

learning objectives and bringing closure as measured by teacher perceptions in 

classrooms utilizing tablet technology? 



111 
 

 
 

f) Is tablet technology an effective delivery system when used to supplement and 

support mastery learning as measured by teacher perceptions in classrooms 

utilizing tablet technology? 

g) Is tablet technology an effective delivery system when used to remediate un-

mastered objectives as measured by teacher perceptions in classrooms 

utilizing tablet technology? 

The teachers’ perceptions of the impact made by tablet technology on the 

motivational behavior of students were measured, within the ARCS motivational 

framework, using survey questions to answer the following non-parametric correlational 

questions. 

a) Does tablet technology effectively motivate students by creating a high level 

of extrinsic incentive as measured by teacher perceptions in classrooms 

utilizing tablet technology? 

b) Does tablet technology effectively motivate students by creating more active 

and dynamic intrinsic incentives as measured by teacher perceptions in 

classrooms utilizing tablet technology? 

c) Does tablet technology effectively motivate students by requiring less effort 

and intervention from teachers during the delivery of the lesson as measured 

by teacher perceptions in classrooms utilizing tablet technology? 

d) Does tablet technology effectively motivate students by providing a 

technology alternative over traditional lesson delivery systems as measured by 

teacher perceptions in classrooms utilizing tablet technology? 
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e) Does tablet technology effectively motivate students by influencing and 

promoting synergy to create collaboration as measured by teacher perceptions 

in classrooms utilizing tablet technology? 

f) Does tablet technology effectively motivate students by encouraging and 

increasing cooperation between students as measured by teacher perceptions 

in classrooms utilizing tablet technology? 

g) Does tablet technology effectively motivate students by increasing active 

engagement through differentiated activities as measured by teacher 

perceptions in classrooms utilizing tablet technology? 

h) Does tablet technology effectively motivate students by providing autonomy 

in learning activities as measured by teacher perceptions in classrooms 

utilizing tablet technology? 

i) Does tablet technology effectively motivate students by providing an adequate 

number of instructional applications and uses as measured by teacher 

perceptions in classrooms utilizing tablet technology? 

j) Does tablet technology effectively motivate students by providing a 

problematic free and productive learning environment as measured by teacher 

perceptions in classrooms utilizing tablet technology? 

k) Does tablet technology effectively motivate students by creating high levels of 

cognition and scholarship as measured by teacher perceptions in classrooms 

utilizing tablet technology? 
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l) Does tablet technology effectively motivate students by supporting the 

attainment of improved grades as measured by teacher perceptions in 

classrooms utilizing tablet technology? 

m) Does tablet technology effectively motivate students by being a catalyst for 

positive classroom behavior as measured by teacher perceptions in classrooms 

utilizing tablet technology? 

n) Does tablet technology effectively motivate students by minimizing and 

reducing negative classroom behavior as measured by teacher perceptions in 

classrooms utilizing tablet technology? 

Population and Sample 

This study was designed to determine the relationship between tablet technology 

and the academic engagement of elementary and middle school children as perceived by 

elementary and middle school teachers.  The population of this study includes elementary 

and middle school teachers who are teachers in a large suburban school district in 

southeastern Texas.  School district officials chose ten schools, five elementary schools 

and five middle schools, to participate in this study.  All teachers at these ten schools 

were permitted to participate.  A link to the online survey was sent through email to all 

faculty members at these schools. 

The demographic breakdown of the student population of the school district is as 

follows:  Hispanic – 44.13%, White – 27.46%, African American – 16.49%, Asian – 

8.82%, Multi-racial – 2.38%, Native American – 0.60%, and Pacific Islander – 0.09% 

(Table 1).  There are in access of 100 languages and dialects spoken by students within 

the district.  Of the student population 14% have been identified as ESL/bilingual 
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students and 49.7% of the district’s student population has been identified as 

economically disadvantaged (Table 1).   

The demographic breakdown of the student population attending elementary 

school one is as follows: Hispanic – 57.4%, White – 19.6%, African American – 12.9%, 

Asian – 7.8%, Multi-racial – 2.6%, Native American – 0.7%, Pacific Islander – 0.0%, and 

Economically Disadvantaged – 63.9%.  The demographic breakdown of the student 

population attending elementary school two is as follows: Hispanic – 13.0%, White – 

71.3%, African American – 1.8%, Asian – 10.7%, Multi-racial – 2.8%, Native American 

– 0.3%, Pacific Islander – 0.1%, and Economically Disadvantaged – 1.7%.  The 

demographic breakdown of the student population attending elementary school three is as 

follows: Hispanic – 14.7%, White – 67.4%, African American – 3.1%, Asian – 10.2%, 

Multi-racial – 4.2%, Native American – 0.4%, Pacific Islander – 0.0%, and Economically 

Disadvantaged – 6.7%.  The demographic breakdown of the student population attending 

elementary school four is as follows: Hispanic – 17.3, White – 64.7%, African American 

– 8.3%, Asian – 6.8%, Multi-racial – 2.6%, Native American – 0.3%, Pacific Islander – 

0.0%, and Economically Disadvantaged – 11.5%.  The demographic breakdown of the 

student population attending elementary school five is as follows: Hispanic – 60.9%, 

White – 13.3%, African American – 19.5%, Asian – 3.5%, Multi-racial – 2.3%, Native 

American – 0.5%, Pacific Islander – 0.0%, and Economically Disadvantaged – 67.5% 

(Table 1).    

The demographic breakdown of the student population attending middle school 

one is as follows: Hispanic – 57.2%, White – 10.0%, African American – 28.5%, Asian – 

2.3%, Multi-racial – 1.9%, Native American – 0.1%, Pacific Islander – 0.0%, and 
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Economically Disadvantaged – 74.9%.  The demographic breakdown of the student 

population attending middle school two is as follows: Hispanic – 74.6%, White – 6.4%, 

African American – 11.7%, Asian – 6.2%, Multi-racial – 1.1%, Native American – 0.1%, 

Pacific Islander – 0.1%, and Economically Disadvantaged – 82.2%.  The demographic 

breakdown of the student population attending middle school three is as follows: 

Hispanic – 53%, White – 9.5%, African American – 27.5%, Asian – 7.3%, Multi-racial – 

2.4%, Native American – 0.3%, Pacific Islander – 0.0%, and Economically 

Disadvantaged – 75.1%.  The demographic breakdown of the student population 

attending middle school four is as follows: Hispanic – 31.1%, White – 44.7%, African 

American – 12.4%, Asian – 9.0%, Multi-racial – 2.7%, Native American – 0.1%, Pacific 

Islander – 0.0%, and Economically Disadvantaged – 27%.  The demographic breakdown 

of the student population attending middle school five is as follows: Hispanic – 58%, 

White – 12.2%, African American – 15.1%, Asian – 10.4%, Multi-racial –4.1, Native 

American – 0.1%, Pacific Islander – 0.1%, and Economically Disadvantaged – 64.8% 

(Table 1). 

Table 1 

Student Population Demographics 

School  Hispanic  White  African
Amer. 

Asian  Multi‐ 
racial 

Other  Eco. 
Dis. 

Elem. Sch. One  57.4%  18.6%  12.9%  7.8%  2.6%  0.7%  63.9% 
Elem. Sch. Two  13.0%  71.3%  1.8%  10.7%  2.8%  0.4%  1.7% 
Elem. Sch. Three  14.7%  67.4%  3.1%  10.2%  4.2%  0.4%  6.7% 
Elem. Sch. Four  17.3%  64.7%  8.3%  6.8%  2.6%  0.3%  11.5% 
Elem. Sch. Five  60.9%  13.3%  19.5%  3.5%  2.3%  0.5%  67.5% 
Mid. Sch. One  57.2%  10.0%  28.5%  2.3%  1.9%  0.1%  74.9% 
Mid. Sch. Two  74.6%  6.4%  11.7%  6.2%  1.1%  0.2%  82.2% 
Mid. Sch. Three  53%  9.5%  27.5%  7.3%  2.4%  0.3%  75.1% 
Mid. Sch. Four  31.1%  44.7%  12.4%  9.0%  2.7%  0.1%  27% 
Mid. Sch. Five  58%  12.2%  15.1%  10.4%  4.1%  0.2%  64.8% 

Sch. Dist. Comp.  44.1%  27.5%  16.5%  8.8%  2.4%  0.7%  49.7% 
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Variables: 

The independent variables in this study are grade level assignment, subject matter 

assignment, age, gender, ethnicity, and years of teaching experience of the teachers 

completing the survey.  The treatment being studied is the perception of teachers on the 

implementation of tablet technology to facilitate student engagement at various phases of 

the lesson cycle.  The dependent variables are the various phases of lesson design, 

including: holistic, before the lesson, during the lesson, while checking for 

understanding, during reinforcement and synthesis, while concluding and summarizing 

the lesson, after the lesson, and supplemental to the lesson. 

Procedures 

  The University of Houston, Committee of the Protection of Human Subjects, 

granted approval of this study (See Appendix A). 

To answer the two research questions of this study, a non-experimental survey 

research design was used.   

 An investigation was conducted to find an existing survey instrument that would 

be suitable and would adequately address the research questions in this study.  No 

existing survey, in whole or in part, was found that parenthetically addressed the research 

questions of this study.  Current tablet technology has not been extensively studied and 

research instruments are sparse.  Therefore, a survey research instrument was designed 

and created using survey practical standards (Fowler, 2008), lesson design standards, 

motivational design, technology standards, and peer review. 

The survey creation process divided the survey into three sections.  The first 

section of the survey collected descriptive categorical data as independent variables, 
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including grade level assignment, subject matter assignment, age, gender, ethnicity, and 

years of teaching experience.   

Each research question was addressed in a separate section of the survey and 

evaluated to establish component parts that could be used to disaggregate the findings.  

For research question one, the focus of this study, the findings on academic engagement 

were validated by working bottom up.  By evaluating the impact of specific teaching 

strategies and behaviors on student engagement, the impact on academic achievement can 

be examined (Haynes & Zacarian, 2010).  Evidence of student engagement can be seen in 

teacher directed leaning, student directed learning, and at all points in a lesson 

(B. Johnson, 2012).  To assess the academic engagement impact by tablet computers on 

elementary and middle school students, seven points in the delivery of a lesson were 

identified as opportunities were the implementation of tablet technology could impact 

students’ engagement.  Working in collaboration with district representative research 

professionals, seven research questions were designed to assess teacher perceptions about 

the impact of tablet technology at each of the separate phases; Before the Lesson, During 

the Lesson, During Checking for Understanding, During Reinforcement and Synthesis, 

Concluding and Summarizing the Lesson, After the Lesson, Supplement to the Lesson.  

The survey questions collected quantitative data using a five-point Likert scale.   

The final section of the survey instrument was designed to collect data to evaluate 

research question two, how does the implementation of tablet technology influence the 

motivational behavior of students regarding academic engagement?  Cognitive 

development and academic performance is directly impacted by student motivation and 

engagement (Pintrich & De Groot, 1990).  Fundamental to motivational theory is the 
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inclusion of an expectancy component, a value component, and an effective component 

(Pintrich & De Groot, 1990).  Knowledge of which motivational strategies, operating on 

a students’ expectation regarding their performance in the task, desire and importance to 

complete the task, and emotional response generated by the task, are most impacted by 

the implementation of tablet technology would help educators positively influence 

academic achievement.  Working in collaboration with district representative research 

professionals, fourteen research questions were designed to measure the perceptions of 

teachers’ concerning the impact of motivational best practices on academic engagement 

using tablet technology.  The fourteen motivational research questions were then codified 

to correlate with the ARCS Motivational Model.  Each question’s targeted motivational 

criteria was matched with one of the four factors of the ARCS Model; Attention, 

Relevance, Confidence, and Satisfaction.  The survey questions collected quantitative 

data using a five-point Likert scale. 

The survey research instrument was circulated and reviewed by a district review 

panel.  The final research instrument was examined, edited and entered into the districts 

internal proprietary survey software application.  The school district research and 

accountability division reviewed the research proposal, survey instrument, and granted 

approval of this study (See Appendix B).   

The district identified and selected ten schools to participate in the study, five 

elementary schools and five middle schools.  These ten schools were strategically chosen 

to accurately reflect the overall demographics of the school district.  Communication was 

established with the principal of each school.  Agreement to have their school participate 
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in the study was requested and secured.  Procedures for administering the survey were 

conveyed to the principals. 

A survey window was determined and established by the school district’s research 

and accountability division.  On the first day of the survey window a onetime use link to 

the on-line survey was sent to the ten principals.  All faculty members, of the 

participating schools, were contacted by their principal’s, via email, and provided the 

onetime use link to the survey.  Faculty members were instructed that completion of the 

survey was voluntary and to begin by reading the Consent to Participate cover letter 

found at the beginning of the survey (see appendix C).  The survey window was 

determined to be two weeks.   

At the expiration of the two week survey window the school district discontinued 

accepting survey submissions.  The school district research and accountability division 

exported the collected survey responses to an electronic data file.  The district examined 

the consent to participate response of each respondent and removed all data to 

respondents that did not consent to participate in the study.  The resulting data file was 

then made available by the district as archival data and used by this study to examine the 

two research questions. 

Instrumentation 

 The survey instrument was designed with the following components. 

 Part I of the survey was designed to collect demographic data in the form of 

independent variables including grade level assignment, subject matter assignment, age, 

gender, ethnicity, and years of teaching experience. 
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 Part II of the survey was designed to answer the primary question of research and 

the supporting questions on lesson design inquiring into the teacher’s perceptions on the 

use of tablet technology in the elementary school classroom at selected points in the 

delivery of the lesson.  These questions use a five-point Likert scale; 1 – strongly 

disagree, 2 – somewhat disagree, 3 – neutral, 4 – somewhat agree, and 5 – strongly agree. 

 Part III of the survey was designed to answer the second question of research and 

the supporting questions on motivational design inquiring into a possible explanation of 

teacher attitudes towards the appropriate motivational use of tablet technology in the 

lesson.  These questions use a five-point Likert scale; 1 – strongly disagree, 2 – 

somewhat disagree, 3 – neutral, 4 – somewhat agree, and 5 – strongly agree. 

Data analysis 

This survey used Likert-type response scales to yielded nonparametric nominal 

data regarding the influence of tablet technology on academic engagement and student 

motivation.   Data collected from surveys is reported as non-parametric quantitative and 

descriptive statistics.  The descriptive statistics include frequency distributions and 

measures of central tendency; including mean, median, mode, and standard deviation. 

A Spearman’s rank correlation coefficient was used to determine the relationship 

among the ordinal scale data and normal statistical measures of central tendency and 

normal distributions will be used on the numerical ratio data.   

The data analysis process began with data validation to ensure that the survey was 

completed and presented consistent data.  Data coding was followed by converting raw 

survey data into codified nominal data and Chi-square tests were applied to the dependent 
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variables.  Standardized statistical tests were applied to the normalized data and included 

computing the portion of variables and standard errors. 

Cronbach’s coefficient alpha was calculated for each of the independent sections 

of the survey to test for internal consistency and instrument reliability. 

  



 
 

 

Chapter IV 

Results of the Study 

The purpose of the study was to examine the perceptions of elementary and 

middle school teachers with regards to the implementation of tablet technology as a 

vehicle for classroom instruction and learning and to examine the impact of tablet 

technology on student motivation by investigating motivational constructs at selected 

focal points in lesson design.  Teacher perceptions on the effect of tablet technology at 

each of seven phases in the lesson were measured and compared to academic 

engagement.  Teacher perceptions on the effect of tablet technology on fourteen 

motivational constructs were measured and compared to academic engagement. 

Response Rate 

The sample for this study consisted of ten schools, five elementary schools and 

five middle schools, from a large suburban school district in southeast Texas.  The 

elementary schools consisted of 70, 66, 63, 75, and 67 faculty members and the middle 

schools consisted of 111, 119, 114, 99, and 107 faculty members.  All teachers at these 

ten schools were sent an email containing a link to the online survey.  This created a 

sample size of 891 teachers.  There were 270 respondents to the survey or a 30% 

response percentage.   

Data Validation 

Of the 270 respondents, ten respondents did not agree to have their data used for 

research and were removed from the data set.  There were 101 respondents, 37% of all 

respondents, who completed the survey but had never used the tablet as part of a lesson.  

Because the research questions are examining teacher perceptions in classrooms utilizing 
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tablet technology, these respondents, who had not utilized the tablet technology, were 

removed from the data set.  Of the remaining 159 respondents two were removed because 

they contained incomplete data.  There were seven respondents that chose not to answer 

one or more demographic questions and these data points were coded as unknown.  The 

complete data validation process resulted in 157 respondents with valid data or a sample 

size of 18% of the faculty at the participating schools. 

Respondent Demographics 

 The respondents in this study consisted of 28 first grade (18%), ten second grade 

(6%), ten third grade (6%), 13 fourth grade (8%), 18 fifth grade (12%), 24 sixth grade 

(15%), 22 seventh grade (14%), and 29 eighth grade (19%) level teachers.  Two teachers 

did not respond to the grade level question.  Each grade level was well represented.  

Using a Pearson’s Chi-Square (p=0.05, F=7) the grade level categorical data observed a 

statistically significant difference (x2=21.48, c.v.=14.07) between the assigned grade 

levels of the respondents.  Figure 1 displays the frequency distribution for grade level. 

 

Figure 1. Grade Level Assignment Frequency Distribution. 
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Content subject matters were divided into the four core areas and all remaining 

content areas were categorized as electives.  The respondents in this study consisted of 49 

Math (31%), 54 English (35%), 11 Social Studies (7%), 18 Science (12%), and 20 

Electives (13%) teachers.  Four teachers did not respond to the subject matter assignment 

question.  Using a Pearson’s Chi-Square (p=0.05, F=4) the subject matter assignment 

categorical data observed a statistically significant difference (x2=51.4, c.v.=11.07) 

between the assigned grade levels of the respondents.  There was a significant difference 

between the observed and expected values.  Figure 2 displays the frequency distribution 

for subject matter assignment. 

 

Figure 2. Subject Matter Assignment Frequency Distribution. 
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Figure 3. Respondent Age Frequency Distribution. 

Female respondents accounted for 138 responses (89%) and male respondents 

accounted for 17 responses (11%).  Figure 4 displays the frequency distribution for 

respondent gender. 

 

Figure 4. Respondent Gender Frequency Distribution. 
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The ethnic composition of the respondents consisted of 18 African American 

(12%), 1 Asian (1%), 110 Caucasian (71%), 19 Hispanic (12%) and 6 Other (4%).  The 

ethnic distribution was disproportionately Caucasian respondents.  Figure 5 displays the 

frequency distribution for respondent ethnicity. 

 

Figure 5. Respondent Ethnicity Frequency Distribution. 
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Figure 6. Years of Teaching Experience Frequency Distribution. 
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Figure 7. Tablet Technology Use Frequency Distribution. 

Data Coding 

The use of an on-line survey helped to minimize the data coding process in this 

study.  All the survey questions in this study generated discrete, non-parametric, ordinal 

data.  Data coding was limited to associating the survey questions with the corresponding 

Motivational Design classification.  This study uses the ARCS Motivational model 

developed by Keller (2000, 2006) to evaluate the impact of Tablet Technology on 

motivation. 

This study used fourteen motivational criteria to test the influence of Tablet 

Technology on a student’s academic engagement and catalyst to learn as perceived by 

teachers.  The fourteen motivational criteria tested in the survey are coded to one of the 

four factors found in the ARCS Motivational Model (Table 2).  The survey questions 

inquiring about demonstrate engagement, intrinsic motivation, instructional applications 

availability, and positive environment were coded to the Satisfaction factor.  The 

Attention factor was identified as the code factor for tablet technology preferred, fosters 

0

20

40

60

80

100

120

never 1 ‐ 5 6‐15 > 15

Frequency of Tablet Technology Use



129 
 

 
 

student collaboration, and reduced negative behavior.  Questions covering reduced 

teacher involvement, improved grades, differentiated opportunities, and autonomy in 

learning were coded to the Confidence factor.  The remaining questions of improved 

cooperation, promotes higher cognition, and increases time on task were coded to the 

Relevance factor.  

Table 2 

Motivational Criteria ARCS Coding 

Motivational Criteria  ARCS Factor 

Demonstrate Engagement  Satisfaction 
Intrinsic Motivation  Satisfaction 

Reduced Teacher Involvement  Confidence 
Tablet Technology Preferred  Attention 
Fosters Student Collaboration  Attention 

Improved Cooperation  Relevance 
Differentiated Opportunities  Confidence 

Autonomy in Learning  Confidence 
Instructional Applications Availability  Satisfaction 

Positive Environment  Satisfaction 
Promotes Higher Cognition  Relevance 

Improved Grades  Confidence 
Increased Time On Task  Relevance 

Reduced Negative Behavior  Attention 

 

Data Analysis 

This study was completed following a single year of Tablet Technology 

implementation and availability.  This study employed a quantitative survey research 

methodology utilizing a tablet technology perceptions survey.  This survey used Likert-

type response scales to yielded nonparametric nominal data regarding the influence of 

tablet technology on academic engagement and student motivation.  Following the 

demographic questions, the inquiry data were evaluated and statistical analysis was 
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completed using descriptive statistics regarding the N, mean, median, mode, variance, 

and standard deviation.  

Research Question 1 

The Lesson Design component of the tablet technology perceptions survey 

contained eight questions.  The first survey question asked the elementary and middle 

school teachers the fundamental question of this research study, do students show 

excitement and enthusiasm when using tablet technology?  The remaining seven 

questions measured respondent perceptions at seven focal points during the lesson 

delivery process.  Respondent’s answered the questions on a Likert-type scale using 1 – 

strongly disagree, 2 – somewhat disagree, 3 – neutral, 4 – somewhat agree, and 5 – 

strongly agree. 

To examine research question one, descriptive statistics were calculated.  The 

resulting statistics are presented in Table 3.  Question one of the survey yielded a mean 

(μ) of 4.53 and a standard deviation (σ) of 0.7349.  The median was identified as 5 and 

the mode (Mo) was established as 5. 

Table 3 

Teacher Perceptions about Tablet Technology 

Construct  Mean (μ)  Median  Mode  SD (σ) 

increase academic engagement  4.53  5  5  0.7349 

Note. 5 – Strongly agree 

The interpretation of these data, with a mean of 4.53, strongly suggests that 

elementary and middle school students do show excitement and enthusiasm towards 

academics when using tablet technology as measured by respondents.  A standard 

deviation of 0.7349 suggests that the data are grouped close together suggesting that there 
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is a high level of confidence in the calculated mean interpretation.  With a median of 5 

we know that at least half of the respondents chose the strongest response.  There is 

evidence to be confident in this interpretation.  Figure 8 displays the frequency 

distribution for increased academic engagement. 

 

Figure 8. Increased Academic Engagement Frequency Distribution. 
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Lesson design survey question two, examining the “Before the Lesson” construct, 

yielded a mean (μ) of 4.24 and a standard deviation (σ) of 0.8224.  The median was 

identified as 4 and the mode (Mo) was established as 4. 

Lesson design survey question three, examining the “During the Lesson” 

construct, yielded a mean (μ) of 3.61 and a standard deviation (σ) of 1.1329.  The median 

was identified as 4 and the mode (Mo) was established as 4 (Table 4). 

Lesson design survey question four, examining the “During Checking for 

Understanding” construct, yielded a mean (μ) of 3.70 and a standard deviation (σ) of 

0.9969.  The median was identified as 4 and the mode (Mo) was established as 4 

(Table 4). 

Lesson design survey question five, examining the “During Reinforcement and 

Synthesis” construct, yielded a mean (μ) of 4.25 and a standard deviation (σ) of 0.7850.  

The median was identified as 4 and the mode (Mo) was established as 4 (Table 4). 

Lesson design survey question six, examining the “Concluding and Summarizing 

the Lesson” construct, yielded a mean (μ) of 4.13 and a standard deviation (σ) of 0.7988.  

The median was identified as 4 and the mode (Mo) was established as 4 (Table 4). 

Table 4 

Teacher Perceptions at Seven Focal Points of Lesson Design 

Construct  Mean  Median  Mode  SD 

Before the Lesson  4.24  4  4  0.8224 
During the Lesson  3.61  4  4  1.1329 
During Checking for Understanding  3.70  4  4  0.9969 
During Reinforcement and Synthesis  4.25  4  4  0.7850 
Concluding and Summarizing the lesson  4.13  4  4  0.7988 
After the lesson  4.02  4  4  0.9542 
Supplement to the lesson  4.34  4  5  0.7783 
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Lesson design survey question seven, examining the “After the Lesson” construct, 

yielded a mean (μ) of 4.02 and a standard deviation (σ) of 0.9542.  The median was 

identified as 4 and the mode (Mo) was established as 4 (Table 4). 

Lesson design survey question eight, examining the “Supplement to the Lesson” 

construct, yielded a mean (μ) of 4.34 and a standard deviation (σ) of 0.7783.  The median 

was identified as 4 and the mode (Mo) was established as 5 (Table 4). 

 

Figure 9. Tablet Technology Impact on Lesson Design Frequency Distribution. 
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measured by respondents (Table 4).  Figure 9 displays the frequency distribution for all 

focal points of lesson design. 

The survey question testing the During the Lesson phase of lesson design yielded 

a standard deviation (σ) of 1.1329 suggesting that respondent perceptions on this criterion 

are more widely varied than on other phases.   

Research Question 2 

The Motivational Design component of the tablet technology perceptions survey 

contained fourteen questions.  The fourteen motivational constructs examined included 

Demonstrate Engagement, Intrinsic Motivation, Reduced Teacher Involvement, Tablet 

Technology Preferred, Fosters Student Collaboration, Improved Cooperation, 

Differentiated Opportunities, Autonomy in Learning, Instructional Applications 

Availability, Positive Environment, Promotes Higher Cognition, Improved Grades 

Increased Time On Task, and Reduced Negative Behavior.  These survey questions were 

examined using descriptive statistics including means, median, mode, and standard 

deviations.  These survey questions were examined using descriptive statistics including 

means, median, mode, and standard deviations. 

Attention Factor 

Motivational design survey question four, examining the “Tablet Technology 

Preferred” construct, yielded a mean (μ) of 3.94 and a standard deviation (σ) of 0.9226.  

The median was identified as 4 and the mode (Mo) was established as 4 (Figure 10, 

Table 5). 

Motivational design survey question five, examining the “Fosters Student 

Collaboration” construct, yielded a mean (μ) of 3.94 and a standard deviation (σ) of 
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0.8904.  The median was identified as 4 and the mode (Mo) was established as 4 

(Figure 10, Table 5).  

Motivational design survey question fourteen, examining the “Reduced Negative 

Behavior” construct, yielded a mean (μ) of 3.75 and a standard deviation (σ) of 0.9817.  

The median was identified as 4 and the mode (Mo) was established as 4 (Figure 10, 

Table 5). 

 

 

Figure 10. Attention Factor Questions Frequency Distributions. 

Relevance Factor 

Motivational design survey question six, examining the “Improved Cooperation” 

construct, yielded a mean (μ) of 3.83 and a standard deviation (σ) of 1.0356.  The median 

was identified as 4 and the mode (Mo) was established as 4 (Figure 11, Table 5). 

Motivational design survey question eleven, examining the “Promotes Higher 

Cognition” construct, yielded a mean (μ) of 3.97 and a standard deviation (σ) of 0.8119.  

The median was identified as 4 and the mode (Mo) was established as 4 (Figure 11, 

Table 5). 
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Motivational design survey question thirteen, examining the “Increased Time On 

Task” construct, yielded a mean (μ) of 4.17 and a standard deviation (σ) of 0.7729.  The 

median was identified as 4 and the mode (Mo) was established as 4 (Figure 11, Table 5). 

 

 

 Figure 11. Relevance Factor Questions Frequency Distributions. 

Confidence Factor 

Motivational design survey question three, examining the “Reduced Teacher 

Involvement” construct, yielded a mean (μ) of 3.19 and a standard deviation (σ) of 
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(Figure 12, Table 5).  
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The median was identified as 4 and the mode (Mo) was established as 4 (Figure 12, 

Table 5).  

Motivational design survey question twelve, examining the “Improved Grades” 

construct, yielded a mean (μ) of 3.61 and a standard deviation (σ) of 0.8420.  The median 

was identified as 3 and the mode (Mo) was established as 3 (Figure 12, Table 5). 

 

 

Figure 12. Confidence Factor Questions Frequency Distributions. 

Satisfaction Factor 

Motivational design survey question one, examining the “Demonstrate 

Engagement” construct, yielded a mean (μ) of 4.32 and a standard deviation (σ) of 

0.7315.  The median was identified as 4 and the mode (Mo) was established as 4 

(Figure 13, Table 5). 
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Motivational design survey question nine, examining the “Instructional 

Applications Availability” construct, yielded a mean (μ) of 3.65 and a standard deviation 

(σ) of 1.0840.  The median was identified as 4 and the mode (Mo) was established as 4 

(Figure 13, Table 5). 

Motivational design survey question ten, examining the “Positive Environment” 

construct, yielded a mean (μ) of 3.41 and a standard deviation (σ) of 1.2464.  The median 

was identified as 4 and the mode (Mo) was established as 4 (Figure 13, Table 5). 

 

 

Figure 13. Satisfaction Factor Questions Frequency Distributions. 

The interpretation of these findings suggests that elementary and middle school 
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Table 5 

Motivational Design Construct impact on Academic Engagement 

Construct  Mean  Median  Mode  SD 

Demonstrate Engagement  4.32  4  4  0.7315 
Intrinsic Motivation  4.12  4  4  0.8318 
Reduced Teacher Involvement  3.19  3  3  1.1406 
Tablet Technology Preferred  3.94  4  4  0.9226 
Fosters Student Collaboration  3.94  4  4  0.8904 
Improved Cooperation  3.83  4  4  1.0356 
Differentiated Opportunities  3.74  4  4  0.9358 
Autonomy in Learning  3.68  4  4  0.9850 
Instructional Applications Availability  3.65  4  4  1.0840 
Positive Environment  3.41  4  4  1.2464 
Promotes Higher Cognition  3.97  4  4  0.8119 
Improved Grades  3.61  3  3  0.8420 
Increased Time On Task  4.17  4  4  0.7729 
Reduced Negative Behavior  3.75  4  4  0.9817 

Construct Composite  3.81  4  4  0.9435 

Note. 5 – Strongly agree 

 

 

Figure 14. Motivational Design Constructs Frequency Distribution. 
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are negatively skewed.  The interpretation of this data supports a positive relationship 

between tablet technology and motivational theory.  Figure 15 displays the composite 

frequency distribution for motivational design. 

The survey question testing the Reduced Teacher Involvement construct of 

motivational design yielded a low mean of 3.19 and a standard deviation (σ) of 1.1406 

suggesting that respondent perceptions on this construct are more widely varied than on 

other phases and do not have as strong an impact on motivation as other constructs.   

 

Figure 15. Motivational Design Composite impact on Academic Engagement. 

Instrument Reliability Analysis 

This section evaluates the Lesson Design and Motivation Design subsections of 

the Tablet Technology Perceptions Survey to demonstrate the reliability of the data. 
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Lesson Design Reliability   

 The Lesson Design subsection of the Tablet Technology Perceptions Survey is 

validated using individual Spearman’s Rank Correlations to test the strength of 

relationship for each construct against the primary research question and Cronbach’s 

alpha to test for internal consistency of all items as a group. 

For the purposes of the Spearman’s Rank Correlation, the first question in the 

Lesson Design subsection is the primary research question and is the primary variant 

used by the remaining questions to measure their relationship.  A Spearman’s Rank 

rho > 0.75 is considered a strong relationship (Wicks, 1998).   

The lesson design subsection construct of Before the Lesson yielded a spearman’s 

rank rho = 0.9697.  The lesson design subsection construct of During the Lesson yielded 

a spearman’s rank rho = 0.8438.  The lesson design subsection construct of During 

Checking for Understanding yielded a spearman’s rank rho = 0.8856.  The lesson design 

subsection construct of During Reinforcement and Synthesis yielded a spearman’s rank 

rho = 0.9637.  The lesson design subsection construct of Concluding and Summarizing 

the lesson yielded a spearman’s rank rho = 0.9650.  The lesson design subsection 

construct of After the lesson yielded a spearman’s rank rho = 0.9280.  The lesson design 

subsection construct of Supplement to the lesson yielded a spearman’s rank rho = 0.9664.  

Figure 16 displays the Spearman Rank item reliability strength correlation.  
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Figure 16. Spearman Rank Item Strength Correlation. 

The correlation coefficient of all rho values are greater than the 0.75 threshold and 

suggest a strong relationship between the sets of data.  The interpretation of these rho 

values shows that there is a positive correlation between the primary research question 

variant and the remaining lesson design questions. 

The internal consistency reliability of all test items of the Tablet Technology 

Perceptions Survey was measured using Cronbach’s coefficient alpha.  Cronbach’s 

coefficient alpha is a measurement of how well different test elements complement each 

other in their observation of different aspects of a common tested construct.  The measure 

of internal consistency will range from 0 to 1 and represents the correlation within all 

areas of the subscales.  A Cronbach’s range of 0.6 ≤  < 0.7 is acceptable, a Cronbach’s 

range of 0.7 ≤  < 0.9 is good, and a Cronbach’s range of   ≥ 0.9 is excellent (Table 6). 
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Table 6 

Lesson Focal Point correlations with Increased Academic Engagement 

Construct  Spearman's Rank 

Before the Lesson  0.9697 
During the Lesson  0.8438 
During Checking for Understanding  0.8856 
During Reinforcement and Synthesis  0.9637 
Concluding and Summarizing the Lesson  0.9650 
After the Lesson  0.9280 
Supplement to the Lesson  0.9664 

 Note. A rho > 0.80 is considered a very strong relationship. 

The internal consistency reliability of the Lesson Design subscale consisted of 8 

items and yielded an  = 0.9263 (Table 7).  This alpha coefficient is greater than 0.9, 

signifying that there is very strong reliability in the survey instrument in measuring the 

perceptions regarding the effect of tablet technology on academic engagement.   

Table 7 

Cronbach Lesson Design Subscale Instrument Reliability 

  N/items  N/cases 

0.9263  8  157 

Motivational Design Reliability   

The Motivational Design subsection of the Tablet Technology Perceptions Survey 

was validated using a Chi-Square Test to compare respondent data with the ARCS 

Motivational Model and Cronbach’s alpha to test for internal consistency of all items as a 

group. 

By using the Chi-Square Test, it is possible to measure the level of interdependent 

association and significance between Academic Engagement and the categorical 

constructs of the ARCS Motivational Model.  The first question in the Lesson Design 

subsection is the primary research question and is the primary variant used in the 
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categorical comparisons with Attention, Relevance, Confidence, and Satisfaction.  To test 

whether there is a relationship between Academic Engagement and the constructs of the 

ARCS Motivational Model, a chi-square p-value was computed to determine the 

goodness of fit.  The Chi-Square statistical assumption is that there is no observed 

difference between the attitudes of elementary and middle school teachers in regard to 

their beliefs that tablet technology increases academic engagement and tablet technology 

as the motivating element, as measured by the ARCS Model. 

A chi-square test of independence indicated that the Attention construct of the 

ARCS Motivational Model is associated with the Academic Engagement of Tablet 

Technology, χ2 (4, N = 157) = 7.07, p < .13 (Table 8).  A chi-square test of independence 

indicated that the Relevance construct of the ARCS Motivational Model is associated 

with the Academic Engagement of Tablet Technology, χ2 (4, N = 157) = 3.25, p < .52 

(Table 8).  A chi-square test of independence indicated that the Confidence construct of 

the ARCS Motivational Model is not associated with the Academic Engagement of 

Tablet Technology, χ2 (4, N = 157) = 34.61, p < .01 (Table 8).  A chi-square test of 

independence indicated that the Satisfaction construct of the ARCS Motivational Model 

is associated with the Academic Engagement of Tablet Technology, χ2 (4, N = 157) = 

4.20, p < .38 (Table 8). 

Table 8 

Chi Square Test for Academic Engagement and ARCS Motivational Model 

Construct  p  df  N/cases  χ2 Chi Sq  C.V. 
Attention  0.05  4  157  0.13  7.07  9.49 
Relevance  0.05  4  157  0.52  3.25  9.49 
Confidence  0.05  4  157  <0.01  34.61  9.49 
Satisfaction  0.05  4  157  0.38  4.20  9.49 
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The chi-square values for three of the four ARCS Model constructs are greater 

than p-value of .05.  The interpretation of these chi-square values suggests that the 

relationship between the primary research question and three of the four motivational 

factors is not due to chance.  There exists a positive goodness of fit indicating a positive 

relationship between Attention, Relevance, and Satisfaction and Tablet Technology.  The 

chi-square value of the Confidence construct of the ARCS Model, with a p-value of less 

than .01 suggests that there is no relationship between Confidence and Tablet 

Technology.  

A chi-square test of independence was also calculated to determine the existence 

of a relationship between the composite constructs with in the ARCS Motivational 

Model.  All fourteen survey questions were used to determine a statistically significant 

relationship exists between all the constructs of the ARCS Model, χ2 (52, N = 15) = 

326.69, p < .000 (Table 9), demonstrating internal consistency. 

Table 9 

Chi Square Test for ARCS Motivational Model independence 

  p  df  N/cases  χ2 Chi Sq  C.V. 
ARCS Model  0.05  52  157  0.00  326.69  69.83 

   

The internal consistency reliability of the ARCS Motivational Model test items of 

the Tablet Technology Perceptions Survey were measured using Cronbach’s coefficient 

alpha.   

The internal consistency reliability of the Motivational Design subscale consisted 

of 14 items and yielded an  = 0.9224 (Table 10).  With an alpha coefficient greater than 

0.9, it can be concluded that there is very strong reliability in the survey instrument in 
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measuring the perceptions regarding the motivational effects of tablet technology on 

academic engagement.   

Table 10 

Cronbach Motivational Design Subscale Instrument Reliability 

  N/items  N/cases 

0.9224  14  157 

 

Summary and Conclusion 

This chapter began by reporting the sample size of 891 and response rate of 30%, 

outlining the data validation process, a summarization of the demographic characteristics 

of the respondent elementary and middle school teachers, and a description of the data 

coding process.  The data analysis component of this chapter evaluated the responses 

collected to answer the two primary research questions: Do elementary and middle school 

students show excitement and enthusiasm towards academics when using tablet 

technology as measured by teacher perceptions in classrooms utilizing tablet technology, 

and how does the implementation of tablet technology influence the motivational 

behavior of elementary and middle school students regarding academic engagement as 

measured by the perceptions of elementary and middle school teachers?  Each of the 

fourteen survey questions, using Likert scale responses, yielded quantitative data and 

were examined using descriptive statistics, including mean, median, mode, standard 

deviations and frequencies.  The two subsections of the survey, Lesson Design Model 

and Motivational Design Model, were evaluated for validity and reliability using a test 

for internal consistency. 
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The data suggest that there is a strong relationship (μ = 4.53, σ = 0.73) between 

Tablet Technology and academic engagement as perceived by elementary and middle 

school teachers.  Each of the seven dimensions of the Lesson Design model supported 

these findings with means ranging from 3.61 to 4.25 and standard deviations ranging 

from 0.78 to 1.13.  Teacher perceptions regarding the impact of Tablet Technology on 

student motivation yielded means ranging from 3.19 to 4.32 and standard deviations 

ranging from 0.73 to 1.25.  Evaluation of these statistics strongly suggests that there is a 

relationship between tablet technology and student motivation.   

The observations made through this research will begin the process of 

understanding the impact of Tablet Technology on the educational system.  The results of 

this quantitative study will assist educational leaders in understanding the role of tablet 

technology.  The next chapter, Chapter 5, will provide an interpretation of the data, 

discuss the results and conclusions, and provide suggestions for further research. 
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Chapter V 

Whether good or bad, there is no denying that the proliferation of technology is 

impacting our society.  In everything we do from transportation to communication, the 

influence of technology reaches deeper and further into our everyday living.  In the 

context of education, school leaders race to implement technology in the hopes of 

benefitting from the many perceived positive outcomes.  With limited resources and a 

responsibility to make sound fiscal decisions, policy makers and educators are faced with 

difficult investment choices.  The purchase and acquisition of technology is compounded 

by the pace of obsolescence.  Educators need to have information and guidance to direct 

them through the moray of technology alternatives and choices.  Currently Tablet 

Technology has immerged as a viable option and holds the promise of revolutionizing the 

way we teach and learn.  Not since the introduction of slate tablets and chalk has there 

been a tool poised to revolutionize instruction, but there remains a great number of 

questions.  We are at the beginning of this journey and each study will add to our 

understanding.  This chapter will include a summary of the study, discussion of the data 

in relationship to the current academic literature, guidance for school district technology 

acquisition, and suggestions for further research. 

Summary 

This research was conducted to explore whether the use of tablet technology by 

elementary and middle school grade students, at various focal points in a lesson designed 

and implemented with tablet technology, had a positive or negative effect on academic 

engagement as measured by elementary and middle school teacher perceptions.  

Academic engagement levels were compared holistically and at seven focal points within 
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a lesson designed to implement tablet technology.  The ARCS motivational model was 

used to analyze teacher perceptions related to key motivational factors.  Descriptive 

statistics were used to observe that elementary and middle school students do show 

excitement and enthusiasm towards academics when using tablet technology as measured 

by respondents and that tablet technology positively influences the motivational behavior 

of elementary and middle school students regarding academic engagement. 

The sample for this study consisted of ten schools selected from a large suburban 

school district in southeast Texas.  A sample size of 891 teachers was created from the 

inclusion of all the teachers in the ten schools.  There were 270 respondents which 

yielded a 30% response percentage.  Respondents who indicated that they had never used 

the tablet as part of a lesson and data from responses that contained faulty data were 

removed from the data set.  The completed data validation process resulted in 157 

respondents, a sample size of 18% of the faculty at the participating schools. 

The study used a survey research instrument consisting of respondent 

demographics, questions targeting academic engagement, and questions focusing on 

motivation.  The academic engagement portion of the survey incorporated lesson design 

concepts and seven focal points in the lesson process to measure teacher perceptions.  

The impact of Tablet Technology on motivation was investigated using fourteen 

questions designed from the ARCS Motivational model.  

The validity of the study was measured using Cronbach’s coefficient alpha to test 

for internal consistency reliability of each part of the survey instrument.  Spearman’s 

Rank Correlations were calculated for each phase in the lesson design to test the strength 

of relationship for each construct against the primary research question.  A chi-square test 
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of independence was used to measure the relationship between teacher perception about 

tablet technology and the factors within the ARCS Motivational Model. 

Discussion of Results 

The first research question stated: Do elementary and middle school students 

show excitement and enthusiasm towards academics when using tablet technology as 

measured by teacher perceptions in classrooms utilizing tablet technology? 

The first question of the Tablet Technology Research Survey directly asked the 

respondents the primary research question and the data revealed an unconditional belief 

that tablet technology positively impacts student engagement.  The reported data creates a 

frequency distribution that is linear in nature with an extreme positive slope.  With a 

recorded median of five, strongly agree, the data reported over half of the respondents 

believed very strongly that tablet technology positively impacts student engagement.  

Such definitive findings were a little surprising.  While a positive response was predicted, 

a more normal distribution was anticipated.  By expending the research to investigate the 

impact of Tablet Technology at various phases of the lesson process, the research 

validated the initial findings and revealed some small variances. 

The remaining seven questions of the lesson design portion of the survey 

investigated the perceived impact of tablet technology at each of seven stages of lesson 

design.  These seven questions examined teacher perceptions about the impact of tablet 

technology as a tool to increase student engagement before the lesson, during the lesson, 

during checking for understanding, during reinforcement and synthesis, concluding and 

summarizing the lesson, after the lesson, and supplement to the lesson.  The breakdown 

of the descriptive statistics for these seven lesson design questions demonstrated a 
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correlation to the results of the primary question.  At every phase of lesson design there is 

statistical evidence that teachers perceive tablet technology as a tool that improves 

student engagement.  

The frame of seven phases of lesson design contained individual elements that 

provided opportunities for further evaluation and consideration, see figure 17.    

 

 

 

 

Figure 17. Lesson Design Individual Phases Frequency Distributions. 
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The descriptive statistics of the individual lesson design phases revealed that 

singularly each aspect formed its own unique normal distribution; however, some very 

small variances existed.  From the data we see four of the lesson stages, before the lesson, 

during reinforcement and synthesis, concluding and summarizing the lesson, and 

supplement to the lesson, with very high means and tight standard deviations.  These data 

provide very strong and reliable internal consistence.  The data collected for after the 

lesson reported a standard deviation of 0.95 which indicates the data were slightly flatter 

and a mean of 4.02 which is slight lower.  It is possible that the discriminant identifiers 

used in this question address academic deficiencies, and remediate un-mastered skills, 

creating some ambiguity in some of the respondents. 

The lesson design phases of during the lesson and checking for understanding 

prove to be the most curious.  With standard deviations of 1.13 and 1.00, respectively, 

these two questions demonstrate minor disagreement.  With means of 3.61 and 3.70, 

respectively, there exists evidence that supports the findings of the primary research 

question; however, these two lesson aspects lack the same strength provided by the other 

lesson design phases.  By utilizing a Spearman’s Rank correlation coefficient it is 

possible to examine the relationship between each of these two individual phases and 

their relationship to the primary question.  The data for during the lesson phase yielded a 

Spearman’s Rank correlation coefficient of rho = 0.84, and the data for the checking for 

understanding phase yielded a Spearman’s Rank correlation coefficient of rho = 0.88.  

These correlation coefficient exceed the rho = 0.80 threshold to demonstrate a very strong 

statistical significance correlation, meaning that while there appears to be an identifiable 

difference in two of the seven phases, there remains a statistically significant positive 
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relationship between during the lesson and checking for understanding phases with tablet 

technology impacting student engagement that could not have happened by chance.   

The second research question stated: How does the implementation of tablet 

technology influence the motivational behavior of elementary and middle school students 

regarding academic engagement as measured by the perceptions of elementary and 

middle school teachers?   

The second research question attempted to measure the impact of tablet 

technology on the motivational behavior of students towards academic engagement.  This 

was examined in the third section of the Tablet Technology Research Survey which 

contained fourteen questions identifying fourteen motivational criterion.  The fourteen 

criterion were codified to match one of the four factors in the ARCS Motivational Model.  

The internal consistency reliability of the ARCS Motivational Model test items yielded a 

Cronbach’s coefficient alpha of   = 0.9224.  This alpha coefficient signified that there 

was a very strong reliability in the survey instrument measuring motivational behavior of 

students towards academic engagement.   

Using composite descriptive statistics the reported data revealed unconditional 

results that tablet technology positively impacts student motivation.  The reported data 

produced a composite mean of 3.81 and a standard deviation of 0.9435 which supports a 

positive relationship between tablet technology and motivational factors.  Closer 

examination of the descriptive statistics of the individual motivational factors suggested 

some anomalies.  With a mean of 3.19 and a standard deviation of 1.14, the motivational 

aspect of reduced teacher involvement had the lowest mean and was widely dispersed, 

suggesting an inconsistency.  With a measured mean of 3.41 and a wide standard 
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deviation of 1.25, the motivational construct positive environment further suggests a level 

of inconsonance and indicates a level of disagreement.  By overlaying the fourteen 

motivational criterion onto the four ARCS Motivational factors, it is possible to 

investigate the variations impact on how tablet technology influences motivational 

behavior. 

The motivational framework encompassing the fourteen motivational survey 

criterion was codified to the ARCS four motivational factors of attention, relevance, 

confidence and satisfaction, see figure 18.   

  

  

 

Figure 18. ARCS Motivational Factors Frequency Distributions. 
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was no statistically significant difference between three of the four constructs of the 

ARCS Motivational Model and increased Academic Engagement using Tablet 

Technology. 

The Attention factor focusses on capturing the student’s attention and maintaining 

that focus.  The survey questions examined tablet technology as a delivery alternative, 

influencing and promoting inquiry, and gaining and maintaining attention.  The Chi-

Square test of independence found no statistical evidence that the correlation between the 

Attention motivational factor and academic engagement using tablet technology could 

have happened by chance.  The analysis of these findings is that there exists a positive 

“goodness of fit,” see table 14. 

Once the learner’s attention is acquired, the Relevance factor provides the vehicle 

to maintain the learner’s motivation by relating the learning to their interests and goals.  

The survey questions investigated the impact of tablet technology as encouraging and 

increasing familiarity, fostering higher levels of cognition and achievable goals, and 

increasing motive watching and management.  The Chi-Square test of independence 

found no statistical evidence that the correlation between the Relevance motivational 

factor and academic engagement using tablet technology could have happened by chance.  

The analysis of these findings is that there exists a positive “goodness of fit,” see 

table 14. 

Increased motivation comes from continued achievement.  The Confidence factor 

identifies behavioral strategies that provide students the ability to predict the probability 

of success.  The survey questions measured the effect tablet technology had on 

supporting and presenting learning requirements, providing appropriate levels of 
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opportunities and alternatives, and encouraging personal control of learning.  The Chi-

Square test of independence for this motivational factor did find statistically significant 

evidence that the correlation between the Confidence motivational factor and academic 

engagement using tablet technology could have happened by chance.  The data for this 

motivational factor revealed that, for this study, Confidence is not a motivational factor 

supporting academic engagement by tablet technology.  The analysis of these findings is 

that a “goodness of fit” does not exist, see table 14. 

When a learner’s effort is consistent with his expectations and the anticipated 

outcomes become measurable and predictable, then the learner will be motivated to 

continue.  The Satisfaction factor focusses on establishing attainable and desired 

outcomes.  The survey questions examined tablet technology as providing positive 

consequences, naturally anticipated consequences, and measurable equity.  The Chi-

Square test of independence found no statistical evidence that the correlation between the 

Satisfaction motivational factor and academic engagement using tablet technology could 

have happened by chance.  The analysis of these findings is that there exists a positive 

“goodness of fit,” see table 14. 

Conclusions 

The torrent pace of development and deployment of technology eclipses our 

research and understanding of how technology impacts how we learn and the learning 

environment.  Gordon E. Moore, one of Intel’s founders, predicted in 1964 that the 

capacity and speed of computers would double approximately every two years.  This 

prediction has come to be known as Moore’s law and has proven to be very accurate 

(Mollick, 2006).  Research is not equipped for the velocity of this change.  The focus of 
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this study, tablet technology, has been in existence less than five years.  Meaningful 

research takes time and technology advancements do not afford the time.   

The results of this study, that tablet technology positively impacts academic 

engagement as measured be the perceptions of elementary and middle school teachers 

(m = 4.53, sd = 0.735), could have been predicted.  McLuhan’s Laws of Media 

(McLuhan, 1964) explains how media, meaning technology, is an extension of our 

natural human abilities.  New technology impacts how we behave and react to our 

environment (Sandstrom, 2012).  McLuhan’s Tetrad explains how humanity embraces 

new technology for its perceived benefits.  Unfortunately, we do not readily consider the 

longitudinal consequences.  To provide a deeper understanding it is crucial to look 

beyond the obvious predictions.  Looking at the what, where and when of academic 

engagement broadens the understanding of the influences of technologies.  

Lesson Design 

Lesson Design provides a window into the capacity and capabilities of technology 

and its association to learning theory (Milkova, 2014).  It is imperative that technology is 

introduced into learning environments because it supports cognitive development, not 

because it is new, innovative and cool (Zucker & Hug, 2007).  By incorporating the 

fundamentals of cognitive psychology into lesson design, it is possible to map 

McLuhan’s Tetrad to postulate on the research findings.  What is it that tablet technology 

adds to each learning activity and what instructional strategy does it obsolesce? 

Of the seven identified lesson design phases, before the lesson, during the lesson, 

while checking for understanding, during reinforcement and synthesis, while concluding 

and summarizing the lesson, after the lesson, and supplemental to the lesson, 
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supplemental to the lesson showed the strongest relationship (m = 4.34, sd  = 0.778).  

Almost every respondent rated it as agree or strongly agree.  When we consider that 

enrichment occurs supplement to the lesson and that it is a function of the student having 

mastered the objectives, the wealth of tools, resources, and connectivity to the world that 

tablet technology provides makes it the perfect supplement engagement platform.  While 

implementing an enrichment program, utilizing the innovation of the tablet, offers a rich 

learning opportunity; we can visualize the tablet becoming a baby sitter while the teacher 

engages students that have not mastered the standards.  For each piece of technology that 

enhances or extends some current human function, there exists a function that is altered 

or obsolesced (McLuhan, 1964).  The question becomes, do teachers perceive that tablet 

technology will truly have the greatest impact on enrichment or that it is the newest 

option available to independently engage students while they attend to other priorities? 

The constructs of before the lesson (m = 4.24, sd = 0.822), during reinforcement 

and synthesis (m = 4.25, sd = 0785), concluding and summarizing the lesson (m = 4.13, 

sd = 0.799), and after the lesson (m = 4.02, sd = 0.954) provide validation of McLuhan’s 

premise that hot media, currently tablet technology, is perceived to provide high 

definition to our senses and is, therefore, desired to maintain or increase social 

positioning.  The descriptive statistics clearly reveal that respondents perceive a positive 

impact on academic engagement by tablet technology.  It can be inferred from these 

results that tablet technology is currently hot technology.  Respondents affirm that tablet 

technology is providing some form of increased sensory stimuli that influences human 

behavior, learning.  Following this premise, the high definition of tablet technology must 

somehow enhance the impact of the lesson focus, improve the conceptualization of a 
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concepts application, enhance the consolidation and codification of summarization, and 

supply an improved vehicle for effective remediation.  Tablet technology has created the 

favorable conditions that permit human first space interactions (Oldenburg, 1989) by 

removing a layer of complexity and transforming the media interface (Carayannis et al., 

2013).  Social interfacing, immediate feedback, individualized control, and a transparent 

interface are all aspects of the media that enhance a derivation of human cognitive 

development.  Elementary and middle school teachers have recognized and responded 

that tablet technology has the potential to change the learning process and impact the 

function and role of the teacher. 

The construct during the lesson and during checking for understanding do 

demonstrate some resistance to complete transformation to the new media.  There will be 

an impact by the media on culture and society (L. Johnson et al., 2013).  While the 

descriptive statistics of the construct during the lesson (m = 3.61, sd = 1.133) and during 

checking for understanding (m = 3.70, sd = 1.000) do demonstrate support of the 

conclusion that tablet technology does impact student engagement, their Spearman Rank 

correlation coefficients (rho = 0.84, rho = 0.89) demonstrate a small amount of weakness 

when compared to the Spearman Rank correlation coefficients (rho = 0.97, rho = 0.96, 

rho = 0.97, rho = 0.93, rho = 0.97) of the contrasting constructs.  The phase during the 

lesson construct is the heart of a teacher’s world.  It is the phase of lesson design where 

principle instruction occurs and teachers place most of their value.  The phase during 

checking for understanding places a teacher in a participative role as model and coach.  

These roles are perceived as containing a social interaction component not provided by 

technology.  However, the evidence provided by the Spearman’s Rank correlation 
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coefficients being in close proximity or even moving towards the new norm, set by the 

support phases of lesson design correlation coefficients, indicating that a paradigm shift 

is in progress.  As our social needs evolve and increase (Oldenburg, 1989), while media 

and technology influence our behavior (McLuhan, 1964), and educational systems adjust 

with paradigm shifts (Barber, 2012), the speed of  innovation and need for integration 

continue to accelerate. 

Motivational Design 

Based on the findings of this study, tablet technology is the current innovation 

perceived to require integration.  The second research question provides an opportunity to 

consider motivation as the link between tablet technology and the rationale that it 

increases academic engagement. 

Fundamental to the education of children is to ensure that the learner is always 

engaged and motivated.  Children are always motivated to do something (Gagel, 2005); 

unfortunately, they may not be motivated for your something.  The research clearly 

showed that elementary and middle school teachers perceive that tablet technology 

positively influences the motivational behavior of elementary and middle school students 

regarding academic engagement (m = 3.81, sd = 0.943).  Motivation is the driving force 

that fuels productive students.  Without motivation students will not learn (Gagel, 2005).  

The research revealed that the motivational forces of Attention (p < .13), Relevance (p < 

.52), and Satisfaction (p < .38) all had a positive correlation with academic engagement 

that could not have happened by chance. 

Attention is the dimension of motivation that captures our interest and curiosity.  

Tablet technology brings instant and open access to a volume of resources easily 
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accessible from the cloud (Boyatt & Sinclair, 2012).  The multitude of experiences, 

mutations, and opportunities builds excitement and adventure.  The learners’ emotions 

are heightened and aroused.  McLuhan’s primary premise is that new technology extends 

or enhances our senses (McLuhan, 1964).  The research strongly suggests with a 

χ2 (4, N = 157) = 7.07, p < .13, that Keller’s (2006) Attention factor would be a 

compelling assertion explaining tablet technologies’ motivating effect on academic 

engagement. 

Relevance is the dimension of motivation that measures the extent a phenomenon 

has meaning and benefits that will positively impact the learner.  The Technology 

Acceptance Model (El-Gayar, Moran, & Hawkes, 2011) postulates that an individual’s 

motivation to use the technology is explained by the individual’s perceived usefulness of 

the technology and its ease of use.  From portability, instant access, creativity tool, and 

electronic reader, the list of perceived usefulness is increasing.  By observing the sales 

and revolution of the iPad, with the first generation marketed and sold for less than a 

year, it is undeniable that society values the usefulness of tablet devices.  With gesture 

interfaces and touch pen input, the tablet has emerged as a simple and effortless 

technological device that has enhanced and extended our natural abilities.  The research 

strongly suggests with a χ2 (4, N = 157) = 3.25, p < .52, that Keller’s (2006) Relevance 

factor adds a second assertion explaining tablet technologies’ motivating effect on 

academic engagement. 

Satisfaction is the dimension of motivation that evaluates the actual experience 

against the anticipated expectations and effort expended.  Both natural and positive 

consequences that align with the learners’ expectations will serve to reinforce the desired 
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behavior (Keller, 2006).  The underlying components for satisfaction with tablet 

technology are user experience, choice and support.  In a market environment that is 

experiencing growth in the demand for tablet technology, manufacturers focus on the 

user experience and support.  The user experience can spell success or doom.  The 

unprecedented success of the iPhone is attributed to its innovation in the user experience.  

With the accelerated growth of the tablet market, there emerged an explosion of 

application development.  The volume of choice is often overwhelming.  The research 

strongly suggests with a χ2 (4, N = 157) = 4.20, p < .38, that Keller’s (2006) Satisfaction 

factor adds a third assertion explaining tablet technologies’ motivating effect on 

academic engagement. 

Interestingly Keller’s (2006) final motivational factor of Confidence does not 

appear to support the assertion that tablet technology is a motivating factor in academic 

engagement.  The research suggests with a χ2 (4, N = 157) = 34.61, p < .01, that the 

results to these questions could have happened by chance, and therefore, there is no 

relationship between the Confidence factor and tablet technology impacting academic 

engagement.  Confidence is the dimension of motivation that produces a belief in one’s 

ability to perform the behavior.  There must be a belief that success is possible and 

attainable.  It is curious that this motivational factor failed to show a relationship.  

Formby (2014) found that practitioners were confident in using tablet technology (93.3%) 

and children were also confident using the tablet technology (85.8%).  This would seem 

to indicate that Confidence was a motivating factor.  However, the results of this study 

actually demonstrate that Confidence in tablet technology was in it use and enjoyment, an 

Attention motivational strategy, and not an expectation that a anticipated outcome would 
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be attained.  These findings suggest that the use of the tablet technology is a motivational 

factor in itself and the ambiguity of success is acceptable.  In some case, as in games, the 

possibility of failure is part of the appeal. 

Suggestions for Future Research 

Based on the findings of the study, there is a need to further explore the use of 

tablet technology at each phase of lesson design.  This study found that the lesson design 

phases of before the lesson, during reinforcement and synthesis, concluding and 

summarizing the lesson, and supplement to the lesson all supported tablet technology as 

an academic engagement tool.  Further study is needed to identify the teaching strategies 

that are being used to achieve this perception followed by an analysis of the strategies 

effectiveness. 

The supplement to the lesson phase reported extremely strong confidence that 

tablet technology increases academic engagement.  This high level of confidence raises 

concern.  There is a possibility that in some phases, such as with enrichment in the 

supplement to the lesson phase, tablet technology is being used incorrectly or even 

inappropriately.  Further research is needed to examine specific teacher behaviors and 

interventions to assess their capacity to correctly use the technology and appropriateness 

for mastering the learning objective. 

This study also identified two lesson design phases, during the lesson and 

checking for understanding, as aspects that lacked the same strength of interrelationship 

provided by the other lesson design phases.  These two lesson design phases should be 

researched to identify teacher concern, apprehensions, fears and resistance to a paradigm 

shift to tablet technology content delivery system.  Why is there a belief that tablet 
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technology is less adequate in achieving academic engagement in these two phases?  Is 

there a need for training?  Does a difference exist within certain demographic groups, 

such as young teachers versus veteran teachers?  The first step in affecting a paradigm 

change in education is the commitment of the teachers.  Identifying the readiness of 

teachers to utilize technology for the phases of lesson design that are perceived as 

requiring their personal engagement and interaction will help administrators guide the 

transformation.   

Other options for further research exist in the domain of motivation.  In this study 

Keller’s (2006) ARCS Motivational model was used to examine the impact of 

motivational forces on tablet technologies’ impact on academic engagement.  Attention, 

Relevance, and Satisfaction were all found as motivational forces.  However, the 

motivational factor of Confidence demonstrated no evidence of a relationship.  Further 

research is needed to verify these findings.  It may have been possible that the survey 

questions for this factor were ambiguous or misleading.  Further research into identifying 

the specific teaching strategies using tablet technology to develop and maintain 

motivation would help provide strategies for supporting reluctant and cautious educators. 

The challenge for all further research will be Moore’s law.  The speed at which 

this technology is evolving does not provide enough time for traditional forms of 

research.  New research methods need to be developed that can provide information and 

knowledge.   

Finally, a discerning topic for future study would be to focus on the results of 

using tablet technology.  In this study the focus has been on the ability of tablet 

technology to motivate and energize students to be active in the learning process.  The 
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next big question is does tablet technology help students increase their learning capacity?  

Further research needs to be conducted on the effects that tablet technology has on 

academic achievement.  Part of that study would include evaluating the skills and lessons 

that impact academic achievement.  Are the skills that we are teaching with tablet 

technology the correct skills to become productive members of society?  The goal of this 

new research will be to provide the knowledge and information needed to assimilate and 

implement technology so that it is transparent to the learning process. 
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