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Substantial funds are invested in developing educational technologies with the goal that faculty members adopt and

routinely use these technologies. This research establishes that there is a gap between the development and widespread

adoption/use of these technologies. This paper investigates (1) which critical success factors (CSF) influence faculty

members to adopt and routinely use technologies, and (2) whether the CSFs moderate the adoption process. Based on

surveys of 335 computer science and electrical engineering facultymembers, the research findings pinpoint the factors that

influence the adoption and routine use of educational technologies. These results can be used by developers of educational

technologies to create and establish plans to increase faculty awareness of and create positive attitudes towards the

technologies.
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1. Introduction

Many for-profit companies and non-profit institu-

tions are making significant investments in learning

technologies. In the six-month period between Jan-

uary and June 2015, $2.51 billion was invested in

learning technology companies across the globe.

This is an astonishing amount considering the
total global investments made in learning technol-

ogy companies for the entire year of 2014 was $2.42

billion, which set a record in the industry [1, 2].

These learning technology companies develop

instructional products directly involved in the learn-

ing process. The National Science Foundation

(NSF), with its mission to advance science, engi-

neering, and education, plans to invest over $100M
in FY 2015 through coordinated investments across

directorates within a coherent framework for

improving undergraduate Science, Technology,

Engineering and Math (STEM) learning [3]. A

primary goal of this expenditure by the NSF is to

learn whether theories of change from business or

other sectors may be applicable to educational

reform. In particular, NSF is interested in bringing
about a shift in underlying cultural norms necessary

to support the institution-wide embrace of effective

teaching approaches and supports research on how

to advance change [3, 4]. Despite the increased

funding for pedagogical research in STEM fields,

traditional lectures with PowerPoint slides are still

used in the majority of STEM classrooms in the

United States [5, 6].

The learning technologymarketplace continually

inundates educators with new hardware, software,

methods, and techniques, whereas, a few of these

technologies are routinely used in the classroom

[7, 8]. Educators have a unique set of personal
values, motivators, organizational policies and alli-

ances that influence the adoption decision of these

technologies [9]. Several studies have identified

some of the factors that influence the adoption

process but the body of research is still nascent

[10–12]. Research regarding the dissemination and

adoption of educational technologies is underdeve-

loped and can even appear to be somewhat of an
afterthought to producing the new technologies

[10, 13, 14]. Little empirical work has been done in

identifying the critical success factors (CSFs) in the

adoption process [11, 15]. We look to fill this gap in

the literature by identifying the CSFs that influence

successful adoption and use of educational technol-

ogies. Therefore, the goal of this paper is to inves-

tigate (1) which CSFs influence faculty members to
adopt and routinely use educational technologies,

and (2) whether the CSFs moderate the adoption

process.

In section 2, we review the literature that leads to

the development of a research model and hypo-
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theses. The research methodology is described in

section 3 and includes development of a question-

naire and administration with faculty members. We

describe the results of analyzing the data from the

questionnaire in Section 4 anddiscuss the findings in

Section 5. Section 6 concludes the paper with a
discussion of the limitations and future research

directions.

2. Theories of adoption and readiness of
faculty members

The adoption process of educational technologies is
well studied [16–18] and is influenced by the readi-

ness of faculty members, students, and administra-

tors to embrace the change [19]. Of these

stakeholders, faculty members have been identified

as the most important influencers of the adoption

process [17, 18, 20]; therefore, we constrain our

study to consider the readiness of faculty members

to adopt the educational technologies.

2.1 Adoption

The adoption process includes creating awareness,

followed by intention to adopt, actual adoption,

and routine use of the innovation [16–18, 21–23].

Intention to adopt is defined as whether an indivi-

dual, if given the opportunity, would adopt a

technology in the foreseeable future [24]. Adoption
is defined as a decision to make full use of a

technology as the best course of action available

[25].Routine use of educational technologies is when

individuals have mastered using the technology and

have no plans to further adopt or change that

technology [26, 27].

2.2 Readiness of faculty members to adopt

educational technologies

The adoption process is influenced by the readiness

of faculty members to embrace the change process

[17, 18, 28]. Prior research based on a qualitative

study (Delphi) of principal investigators of NSF

education grants identified receptivity to change,

attitude to innovation, awareness of innovations,

care about student learning outcomes, and motiva-
tion to innovate as important factors that influence

adoption success [17, 18]. The Delphi participants

described receptivity to change as the degree of

receptivity from faculty members toward the inno-

vative technology. In organizational change litera-

ture, receptivity to change is synonymous with the

concept of readiness for change [29–32]. These

studies have identified faculty members’ receptivity
to change using multiple constructs including lea-

dership support, openness to change, attitude to

change, and characteristics of the change [31–33].

The leadership support includes aspects such as

technology support and stability in the organization

[34]. In education literature, receptivity to change is

defined as one’s internal attitudes that precede the

behaviors that one takes when adopting or resisting

change [35]. This construct includes CSFs identified

in earlier literature [36] where they state IT compe-
tency, teaching style, attitude, and mindset are

important factors influencing adoption of e-learn-

ing technologies.

Based on these studies, we selected the following

factors tomeasure the readiness of faculty members

toward educational technologies: (a) openness to

change, (b) discrepancy (need for change), (c)

appropriateness of change, (d) efficacy (ability) to
change, (e) support by principals to change, (f)

valence (perceive a gain), (g) attitude to innovation,

(h) awareness of innovation, (i) care about student

learning outcomes, and (j) motivation to innovate.

The adoption process and readiness of faculty

members interact in multiple ways. We developed a

researchmodel (Fig. 1) that helps derive hypotheses

by studying the:

� Relationship between intention to adopt and

adoption (H1)

� Relationship between adoption and routine use
(H2)

� Relationship between readiness of faculty mem-

bers and the three elements of the adoption

process (H3, H4, & H5), and

� The moderating relationships (H6 & H7)

2.3 Relationship between intention to adopt and

adoption

Empirical research related to the theories of rea-
soned action [37, 38] and planned behavior [39] have

indicated that intention to adopt is an antecedent to

adoption. Moreover, theoretical and empirical

research related to the different iterations of the

TechnologyAcceptanceModel (TAM) [40–42] sup-

port intention to adopt as a significant positive

predictor of adoption. Therefore, we hypothesize

(H1) a positive relationship between intention to
adopt and adoption of educational technologies.

2.4 Relationship between adoption and routine use

For faculty members to routinely use a technology,

they need to adopt it first [10, 17, 18, 37, 38].

Therefore, we hypothesize (H2) a positive relation-

ship between adoption and routine use of educa-

tional technologies.

2.5 Relationship between readiness of faculty

member and adoption process

Organizational change literature proposes that

receptivity to change is a direct antecedent to
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intention to adopt, adoption and routine use [43].

Therefore, we hypothesize:

H3: A significant relationship between the readiness

of facultymembers and intention to adopt educa-

tional technologies.
H4: A significant relationship between the readiness

of faculty members and adoption of educational

technologies.

H5: A significant relationship between the readiness

of faculty members and routine use of educa-

tional technologies.

2.6 Moderating relationships

Diffusion of innovation research [25] suggests that

successful dissemination and adoption of new tech-

nologies is affected by the environment and culture

in which the adoption is taking place (Fig. 1). B. T.

Hazen,Y.Wu,C. S. Sankar andL.A. Jones-Farmer
[44] proposed that characteristics of the adopter and

characteristics of the environment moderate the

dissemination and adoption process. For instance,

readiness factors, such as efficacy and support for

principals to change, have been found to moderate

the relationship between intention to adopt and

adoption [45]. Therefore, we hypothesize:

H6:Readiness of facultymembers willmoderate the
relationship between intention to adopt and

adoption of educational technologies.

H7:Readiness of facultymembers willmoderate the

relationship between adoption and routine use of

educational technologies.

3. Research methodology

The research methodology consisted of developing

a questionnaire and administering it to a group of

faculty members.

3.1 Questionnaire development

We divided the questionnaire into five sections:
educational technologies, dissemination and adop-

tion process, readiness of faculty members, demo-

graphic and control variables, and assessment of

common method bias.

3.1.1 Educational technologies

We asked faculty members five questions about an

educational innovation that they were currently

using, would like to use, or planned to use in the

future in an undergraduate course. The question
allowed the faculty members to write about the

innovation and describe the underlying educational

technology.

3.1.2 Dissemination and adoption

This section of the questionnaire included 5 ques-

tions to address the dissemination and adoption

process (intention to adopt, adoption, and routine

use) at an individual level. Intention to adopt was

assessed using a three-item scale by [24]. Intention to

adopt was rated using a seven-point Likert scale
where ‘‘1 = strongly disagree’’ and ‘‘7 = strongly

agree’’.Adoptionwas assessed by using a single item

based on the findings of C. Henderson and M. H.

Dancy [46]. We asked the faculty member ‘‘Please
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select the best statement that best describes your use

of this educational innovation.’’ This item was

measured using a four-point Likert scale where

‘‘1 = I have heard the name, but do not know

much else about it’’ and ‘‘4 = I currently use all or

part of it’’. We collapsed the responses for this
question and created a dichotomous variable ran-

ging from ‘‘0 = I have never used the innovation’’

and ‘‘1 = I have used the innovation’’. Routine use

was assessed by using a single categorical measure

based on the findings of C. Henderson and M. H.

Dancy [46]. We asked faculty members ‘‘How often

do you use all or part of this educational innova-

tion?’’ This item was measured using a five-point
Likert scale where ‘‘1 = I never use it’’ and ‘‘5 = ‘‘I

always use it’’. We collapsed the responses for this

question and created a dichotomous variable ran-

ging from ‘‘0 = I rarely to never use it’’ and ‘‘1 = I

always to sometime use it’’.

3.1.3 Readiness of faculty members

In this section of the questionnaire, 52 items mea-

sured the ten readiness of faculty members factors

using a seven-point Likert scale (‘‘1 = strongly

disagree’’ and ‘‘7 = strongly agree’’). Openness to

change was measured using the eight-item scale by

Miller, Johnson, and Grau [47]. Discrepancy,

appropriateness of change, support by principals

to change, and valence were measured using 18
items from Armanakis et al.’s [28, 50] Organiza-

tional Change Recipients’ Beliefs (OCRBS) assess-

ment tool (e.g., This educational innovation is the

right ones for my students). Change efficacy was

measured using the six-item measure by Holt,

Armenakis, Feild, and Harris [48]. Attitude to

innovation was measured by the four item scale

developed by Agarwal and Prasad [49]. Awareness
of innovations was measured by the six-item scale

others’ use developed by Compeau et al. [50].

Others’ use referred to the degree to which potential

adopters were aware of other people using the

innovation [50] (e.g., Several colleagues in my uni-

versity use this educational innovation). Care about

student learning outcomes was measured used the

five-item scale Concern about Student Learning

developed as part of the Concerns-Based Adoption

Model (CBAM) [26, 51]. Motivation to innovate

was assessed using the five-item scale by Alpkan,

Bulut, Gunday, Ulusoy, and Kilic [52] called per-

formance-based reward systems.

3.1.4 Demographics and control variables

This section of the questionnaire included 19 items
to gather demographic information. Five itemswere

used as control variables (gender, race, department,

tenure status, and percentage of teaching load)

based on past research [11].

3.1.5 Assessment of common method bias

The final section of the questionnaire included a

marker variable. Richardson, Simmering and Stur-

man [53] suggested using a marker variable as a

proxy for method variance. If the marker variable

did not correlate with any of the other variables in

the study, it indicated that faculty members were

carefully reading the questions and not marking the
same rating for all of the answers (e.g., yea-saying).

We adapted the four-item scale by Miller and

Chiodo [54] called attitude toward a particular

color.

3.2 Pilot study

A pilot study was conducted to validate the ques-

tionnaire and ensure the user-friendliness of the

web-based survey tool. Participants included
eleven faculty members attending the Annual

National Engineering Mathematics Consortium.

Based on the feedback provided by the participants,

thewording of some itemsweremodified slightly for

contextual clarity.

3.3 Participants

The study participants included faculty members in

computer science and electrical engineering pro-
grams in the United States. An invitation email to

complete the questionnaire was sent to 4,352 faculty

members at ABET accredited programs [55]. The

final response rate was 7.98% with 335 participants.

The respondents averaged 15.73 years teaching

experience (SD = 11.87), and had been at their

current school for 12.71 years (SD = 10.56).

3.4 Categorization of types of learning technologies

Past literature lists the types of learning systems as

online learning systems, intelligent tutors, educa-

tional software applications and games, simulation

systems for education and training, collaborative

learning tools, devices, and interfaces for learning,

interactive techniques for learning, personalized

and adaptive learning systems, tools for formative

and summative assessment, ontologies for learning
systems, standards and web services that support

learning, authoring tools for learning materials,

computer support for peer tutoring, learning via

discovery, field and lab work, learning with mobile

devices, social learning techniques, social networks

and infrastructures for learning and knowledge

sharing, and the creation andmanagement of learn-

ing objects [56, 57]. A researcher read through each
of the response and categorized it into one of the

learning technologies mentioned above. When a

response could fit two or more learning technolo-

gies, he/she chose the one that wasmost emphasized

by the respondent.
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3.5 Data analysis methodology

We conducted all of our statistical analysis using

SPSS 22. Following the guidelines of Kutner,

Nachtsheim, Neter, and Li [58], hierarchical linear

regression was used to analyze the study data and

test the hypotheses when intention to adopt was our

dependent variable because the measure was col-

lected using a seven-point Likert scale. Following
the guidelines of Menard [59], hierarchical logistic

regressions were used to analyze the study data and

text hypotheseswhen adoption and routine usewere

our dependent variables because we collapsed these

measures due to their dichotomous nature.We used

mean-centered scale averages for all the indepen-

dent factors and intention to adopt to aid the

interpretation of potential moderating effects [60].
In the first step of the analysis (model 1), control

variables were entered in the model. Retaining the

control variables, the hypothesized main effects for

H1 and H2 were entered into the model where

applicable (only for the variables adoption and

routine use). Next, any significant main effects

were retained and the readiness of faculty members

factors (H3-H5) were added to themodel (model 2).
Finally, the significant main effects were retained

and a series of interaction terms (consisting of the

cross products of the significant items identified in

earlier steps) were added as predictors of the depen-

dent variables (models 3 and 4). Interactions were

only considered noteworthy if they had significant

coefficients, and statistically improved the fit of the

model.

4. Results

Acategorization of the specific educational technol-

ogy used or planned to be used by the 335 respon-

dents into a type of learning technology is provided

in Appendix I. For example, 113 of the respondents

chose online learning systems such as use of web

resources, flipped classes, video maker, or You

Tube as the learning technology of interest to

them. The appendix shows that online learning
systems were the top choice of the faculty members

followed by project/lab work, intelligent tutors,

collaborative training tools, devices for learning

systems, and creation of new learning objects.

Despite their perceived popularity, few faculty

chose social networks and infrastructures for learn-

ing and knowledge sharing.

Table 1 presents the Cronbach’s alphas, means,
standard deviations, and intercorrelations among

the study variables. The lack of significant correla-

tions among the marker variable (variable 14) and

the study variables indicates no evidence of

common method variance.

4.1 Stage 1: Intention to adopt

Table 2 presents the results of the hierarchical linear

regression analysis with intention to adopt educa-

tional technologies as the dependent variable. The

control variables were not significantly related to

intention to adopt (Model 1). The only additional
hypothesized antecedents to intention to adopt

include the factors relating to readiness of faculty

members. The results from Model 2 suggests that

four out of the ten readiness of faculty members’

factors were empirically supported: efficacy of the

faculty member toward change; valence, attitude to

the innovation, and care about student learning

outcomes.

4.2 Stage 2: Adoption

Table 3 presents the results of the hierarchical

Learning Technologies: Bridging the Gap between Intention, Adoption and Routine Use 2111
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logistic regression analysis with adoption as the

dependent variable. Model 2 indicates that H1 was
supported with significant association between

intention to adopt and adoption of educational

technologies (b = 0.75, Wald �2 = 25.49, p <

0.001). The odds ratio suggested that faculty mem-

bers who intended to adopt educational technologies

were 2.11 times more likely to actually adopt educa-

tional technologies when all model variables were

held constant. This model overall was able to
classify 81.5% of those who adopted educational

technologies and accounted for between 12.3% and

19.5% of the variance.

Once the readiness of faculty members factors

were entered in Model 3, H1 was no longer sup-

ported (b = 0.23, Wald �2 = 1.44, p = 0.23). Mixed

support for H4was indicated with significant coeffi-

cients for the faculty member’s attitude toward the
innovation and their awareness of the innovation.

This model was able to classify 83.3% of those that

adopted educational technologies and between

22.5% and 35.8% of the variance. Partial support

was indicated for H6, with a significant moderating

effect between a facultymember’s intention to adopt

an innovation and his/her attitude toward the

innovation (b = 0.96, Wald �2 = 5.80, p = 0.016).

4.3 Stage 3: Routine use

Table 4 presents the results of the hierarchical
logistic regression analysis with routine use as the

dependent variable. In Model 2, a significant rela-

tionship between adoption and routine use of edu-

cational technologies was indicated (b = 4.44, Wald

�2 = 70.42, p < 0.001), lending support for H2. The

odds ratio suggested, when holding all other vari-

ables constant, faculty members that have adopted

educational technologies were 84.55 times more
likely to routinely use them compared to those who

have not adopted the innovations.Model 2was able

to classify 92.8% of faculty members that routinely

used educational technologies and accounted for

between 35.4% and 63.8% of the variance.

For the third step of the analysis (Model 3), we

added readiness of faculty members toward educa-

tional technologies variables to the model contain-
ing the control variables and adoption. None of the

readiness of faculty members’ factors influenced the

relationship between adoption and routine use.

With no significantmain effects of readiness factors,

the analysis was terminated without considering

moderating effects. Fig. 2 shows the research

model with the hypotheses that were supported,

the value of b, and the level of significance.
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5. Discussion and implications

Analysis of the results leads to the following find-

ings:

1. Intention to adopt an educational technology
was influenced by four CSF: faculty members’

efficacy (ability) to change, valence (perceive a

gain), attitude to innovation, and care about

student learning outcomes.

2. Adoption of a technology was based on

(a) faculty members’ attitude to educational

technology.

(b) faculty members’ awareness of others using
an educational technology.

3. The only study variable that was shown to

significantly relate to routine use was whether

the faculty members adopted the technology.

We discuss each of these findings and its implica-

tions next.

5.1 Intention to adopt an educational technology

was influenced by four csf: faculty members’

efficacy toward change, valence, attitude to

innovation, and care about student learning

outcomes

5.1.1 Findings

Table 2 shows faculty members who believe that

they are capable of implementing the educational

technologies (efficacy) increase their intention to
adopt such innovations. Faculty members have

been shown to learn by doing [61] and gain a feeling

of efficacy as they assess the effect of the innovation

on students [62]. In addition, Table 2 shows faculty

members who perceive a gain from using the pro-

David M. Bourrie et al.2114
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posed educational innovation (valence) increase

their intention to adopt such innovations. Such a

change is reported in the organizational change

literature [28, 43]. The attitude toward innovations

by faculty members influenced their intention to

adopt the innovations. The study also found that
faculty members who care about student learning

outcomes are more likely to intend to adopt educa-

tional technologies (Table 2). This finding is con-

sistent with findings from past literature [17, 18].

5.1.2 Implications

These results indicate that University administra-

tion and funding agencies should design and imple-

ment strategies so that faculty members develop
confidence in adopting educational technologies.

The administration needs to reexamine its reward

system as emphasized by Walczyk et al., [6] who

found many faculty members are unmotivated to

use educational technologies since they are not tied

to rewards. In many Universities, faculty members

are penalized for adopting and using innovative

educational technologies that do not produce
peer-reviewed scholarly publications [6, 20, 63].

Faculty members need to feel it is in their profes-

sional self-interest to increase adoption of educa-

tional technologies [6, 64, 65]. The American

Society for Engineering Education [66, 67] and the

President’s Council of Advisors on Science and

Technology [68] have already suggested that pro-

motion and tenure requirements in academic dis-
ciplines need to recognize pedagogical innovations

by use of educational technologies in the classroom

[6, 69].

5.2 Adoption of an educational technology was

based on primarily the faculty members’ attitude,

and secondarily on faculty members’ awareness of

others using it

5.2.1 Findings

Primarily, the attitude toward technologies by

faculty members was responsible for their intention

to adopt or adopting the technology. This is
seconded by Borrego et al., [20] who found faculty

members’ attitude toward innovations was an

important part of peers’ willingness to adopt new

technologies. Prior research has suggested poor

attitudes to innovations are often the result of a

lack of time, training,motivation, and technological

naı̈veté [69–71]. Secondarily, an awareness of peers

using an educational technology was important in
adopting the technologies (Table 3). This finding is

consistent with [6] who found that discussions with

colleagues was the most influential source before

adopting educational technologies. Likewise, Bor-

rego et al., [20] found faculty attitudes play an

important role in peer willingness to adopt new

pedagogies.

5.2.2 Implications

This finding implies developers, department chairs,

and deans need to find ways to overcome negative

attitudes. If department chairs and college deans

changed promotion and tenure guidelines to include
innovative uses of educational technologies in the

classroom as an important criteria, it will definitely

have a profound impact on faculty members’ atti-

tudes toward educational technologies [72]. Faculty

members need to show support for their colleagues

through more open discussions of teaching, which

will influence the dissemination of educational

technologies [73, 74]. In addition, faculty members
should be encouraged to attend seminars and meet-

ings where educational technologies are showcased

and disseminated [61].

5.3 Routine use was dependent on whether the

faculty members adopted the technology

5.3.1 Findings

This study shows that routine use of technologies

was dependent on adoption decision and not on any

of the readiness of faculty members’ factors. A

reason for this might be that the faculty members

have formed strong opinions about the technology
during the adoption decision and that influences

whether they routinely adopt it. Those faculty

members who have not adopted a technology may

not routinely use it even if the system pressurizes

them to do so.

5.3.2 Implications

This finding shows that developers of technologies

have to consider the intention to adopt and adop-

tion decisions of faculty members and influence

them in those stages. Educational technology devel-
opers, text book publishers, and grant agencies need

to develop and implement appropriate strategies to

promote these technologies in such manner so that

the facultymembers intent to adopt and adopt those

technologies.

6. Limitations and future research

This study has several limitations. The first limita-

tion of this study is that the data was collected from

faculty members in computer science and electrical

engineering departments across the United States.

Future research should validate and extend our
model using samples from other departments.

Such investigations may use the methodology out-

lined in this paper to find similarities and/or differ-

ences that may arise among departments,
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undergraduate institutions, research institutions,

and community colleges.

Second, the findings cannot be generalized for all

educational technologies. Appendix I shows that

the respondents used many of the educational

technologies, but some of the educational technol-
ogies (such as social networks) was not emphasized

by the respondents. The respondents identified

online learning systems and flipped classrooms as

the major educational technology in this study and

the results might be more representative of these

technologies. Nicholls & Restuauri [75] discuss the

difficulties in assessing the effectiveness of focused e-

learning modules. Hung, Chang, & Lin [76] study
hybrid instructional methods. Future research

needs to extend our study by looking at one specific

educational technology or look at additional educa-

tional technology categories.

The third limitation is that the purpose of this

research was not to investigate whether differences

in demographics (such as race, gender, or tenure

status) influenced the successful dissemination of
educational technologies. Future research should

investigate what influence these factors have on the

dissemination and adoption process.

The fourth limitation stems from collecting self-

reported data from faculty members. Since the

dissemination and adoption of educational technol-

ogies unfolds over time, future research needs to

validate this model using longitudinal data.We also
allowed faculty members to self-select educational

technologies, which may have added bias; future

research should experiment with different question-

naire designs that could prevent the self-selection

bias.

The fifth limitation is that the study was confined

to responses from faculty members. It is possible

that the CSFs might be different if looked at from
the perspective of students or administrators. For

example, Selim [34] show that eight categories of

critical CSFs were important in e-learning as per-

ceived by students. These included: instructor char-

acteristics (attitude towards and control of the

technology, and teaching style), student character-

istics (computer competency, interactive collabora-

tion, and e-learning course content and design),
technology (ease of access and infrastructure), and

support.

Finally, the questionnaire was long since we

wanted to use validated scales with excellent psy-

chometric properties. With such a long survey

instrument it could be argued that only the com-

mitted would respond in full, thus respondents may

well be a technology supportive sample of the
population. If that were the case, it would be

disappointing, as the implications for the faculty

members who avoid technology or reluctant to use

technology are then hard to assess. Future research

might create compressed scales that may help

shorten the questionnaire and potentially improve

the response rate.

7. Conclusions

This study makes several important contributions

to the research literature and to investors in educa-

tional technologies. This study shows that aware-

ness of an educational technology, attitude, and

intent to adopt are direct antecedents to adoption

that is a direct antecedent to routine use. Further-
more, this study finds that facultymembers’ attitude

to technology is the most important CSF that

influences intention to adopt and adoption and

also moderates the relationship between intention

to adopt and adoption. Advancement of knowledge

in this area will enable decision makers of the

educational technology companies to be better

prepared about CSFs to consider and challenges
to anticipate while planning strategies for market-

ing these technologies.

Acknowledgments—This work was supported by the Division of
Undergraduate Education at the National Science Foundation
under grant #1140542. Any opinions, findings, and conclusions
or recommendations expressed in this article are those of the
authors and do not necessarily reflect the view of the National
Science Foundation.

References

1. S. S. Adkins, H1 2015 International Learning Technology
Investment Patterns, http://s3.amazonaws.com/static.
pseupdate.mior.ca/media/links/AmbientInsight_H1_2015-
Global_Learning_Technology_Investment_Patterns.pdf,
Accessed 9/10/2015.

2. M. T. Moe, M. P. Hanson, L. Jiang and L. Pampoulov,
American Revolution 2.0: How Educational Innovaiton is
Going to Revitalize America and Transform the U.S. Econ-
omy, http://gsvadvisors.com/wordpress/wp-content/themes/
gsvadvisors/American%20Revolution%202.0.pdf, Accessed
1/02/2015.

3. National Science Foundation, Improving Undergraduate
STEM Education, http://www.nsf.gov/pubs/2014/nsf14588/
nsf14588.htm, Accessed 1/02/2015.

4. M. Loftus, A schools of one’s own, Prism, 51(4), 2013, pp.
45–47.

5. National Academy of Sciences, Discipline-based education
research: Understanding and improving learning in under-
graduate science and engineering, National Academies
Press, Washington, D.C., 2012.

6. J. J. Walczyk, L. L. Ramsey and P. Zha, Obstacles to
instructional innovation according to college science and
mathematics faculty, Journal of Research in Science Teach-
ing, 44(1), 2007, pp. 85–106.

7. S. Singer and S.Karl, Last word: Follow the evidence,Prism,
15(4), 2013, p. 92.

8. Y. Wang, P. H. Gray and D. B. Meister, Task-driven
learning: The antecedents and outcomes of internal and
external knowledge sourcing, Information & Management,
51(8), 2014, pp. 939–951.

9. S. Gillard, E. Nolan and D. Bailey, Ten reasons for IT
educators to be early adopters of IT innovations, Journal of
Information Technology Education, 7(2008), pp. 21–33.

10. B. T. Hazen, Y.Wu and C. S. Sankar, Factors that influence

David M. Bourrie et al.2116



dissemination in engineering education, IEEE Transactions
on Education, 55(3), 2012, pp. 384–393.

11. C. Henderson, M. H. Dancy and M. Niewiadomska-Bugaj,
Use of research-based instructional strategies in introduc-
tory physics:Where do faculty leave the innovation-decision
process?,Physical ReviewSpecial Topics—Physics Education
Research, 8(2), 2012, p. 020104.

12. P. Reid, Categories for barriers to adoption of instructional
technologies,Education and Information Technologies, 19(2),
2014, pp. 383–407.

13. J. Fairweather, Linking evidence and promising practices in
science, technology, engineering, and mathematics (STEM)
undergraduate education, Board of Science Education,
National Research Council, The National Academies,
Washington, DC, 2008, pp.

14. B. T. Hazen, Y. Wu, C. S. Sankar and L. A. Jones-Farmer,
A proposed framework for educational innovation dissemi-
nation, Journal of Educational Technology Systems, 40(3),
2012, pp. 301–321.

15. J. Laru, P. Naykki and S. Jarvela, Four stages of research on
the educational use of ubiquitous computing, Learning
Technologies, IEEE Transactions on, 8(1), 2015, pp. 69–82.

16. S. Fincher, From transfer to transformation: Towards a
framework for successful dissemination of engineering edu-
cation, Frontiers in Education Conference, Kansas City,MO,
2000, F4F/14-F14F/19 vol. 12.

17. D.M. Bourrie, C.G.Cegielski, L.A. Jones-Farmer andC. S.
Sankar, What makes educational innovations stick? A
Delphi Approach, ASEE Southeastern Section Conference,
Macon, GA, 2014.

18. D.M. Bourrie, C.G.Cegielski, L.A. Jones-Farmer andC. S.
Sankar, Identifying characteristics of dissemination success
using an expert panel,Decision Sciences Journal of Innovative
Education, 12(4), 2014, pp. 357–380.

19. D. M. Bourrie, C. S. Sankar and L. A. Jones-Farmer,
Conceptualizing interactions between innovation character-
istics and organizationalmembers’ readiness to adopt educa-
tional innovations, International Journal of Engineering
Education, 31(4), 2015, pp. 967–985.

20. M. J. Borrego, J. E. Froyd and T. S. Hall, Diffusion of
engineering education innovations: A survey of awareness
and adoption rates in U.S. engineering departments, Journal
of Engineering Education, 99(3), 2010, pp. 185–207.

21. P. Gravestock,Making an impact through dissemination, in
C. Baume, P. Martin and M. Yorke (eds),Managing educa-
tional development projects: Effective management for max-
imum impact, Kogan Page, London, UK, 2002, 109–124.

22. J. R. Hutchinson andM. Huberman, Knowledge dissemina-
tion and use in science and mathematics education: A
literature review, Journal of Science Education and Technol-
ogy, 3(1), 1994, pp. 27–47.

23. H. King, Disseminating educational developments, in P.
Kahn and D. Baume (eds), A guide to staff and educational
development, Kogan Page, London, UK, 2003, pp. 79–94.

24. H.-H. Teo, K.-K. Wei and I. Benbasat, Predicting intention
to adopt interorganizational linkages: An institutional per-
spective,MIS Quarterly, 27(1), 2003, pp. 19–49.

25. E. M. Rogers, Diffusion of innovations, Free Press/Simon &
Schuster, 2003.

26. G. E. Hall and S. M. Hord, Implementing change: Patterns,
principles, and potholes, Pearson/Allyn & Bacon, Boston,
MA, 2006.

27. R. Saunders, Assessment of professional development for
teachers in the vocational education and training sector: An
examination of the concerns based adoption model, Austra-
lian Journal of Education, 56(2), 2012, pp. 182–204.

28. A. A. Armenakis, J. B. Bernerth, J. P. Pitts andH. J.Walker,
Organizational change recipients’ beliefs scale:Development
of an assessment instrument, The Journal of Applied Beha-
vioral Science, 43(4), 2007, pp. 481–505.

29. A. A. Armenakis, S. G. Harris and K. W. Mossholder,
Creating readiness for organizational change, Human Rela-
tions, 46(6), 1993, pp. 681–703.

30. C. S. Bartlem and E. A. Locke, The Coch and French study:
A critique and reinterpretation, Human Relations, 34(7),
1981, pp. 555–566.

31. R. Waugh, Towards a model of teacher receptivity to
planned system-wide educational change in a centrally con-
trolled system, Journal of Educational Administration, 38(4),
2000, pp. 350–367.

32. R. Waugh and J. Godfrey, Teacher receptivity to system-
wide change in the implementation change, British Educa-
tional Research Journal, 19(5), 1993, pp. 565–578.

33. R. Waugh and K. F. Punch, Teacher receptivity to system-
wide change in the implementation stage, Review of Educa-
tional Research, 57(3), 1987, pp. 237–254.

34. H. M. Selim, Critical success factors for e-learning accep-
tance: Confirmatory factor models, Computers and Educa-
tion, 49(2), 2007, pp. 396–413.

35. J. S. Clarke, C. D. Ellett, J. M. Bateman and J. K. Rugutt,
Faculty receptivity/resistance to change, personal and orga-
nizational efficacy, decision deprivation and effectiveness in
research 1 universities, Annual meeting of the Association for
the Study of Higher Education, Memphis, TN., 1996,

36. J.Webster andP.Hackley, Teaching effectiveness in technol-
ogy-mediated distance learning, Academy of Management
Journal, 40(6), 1997, pp. 1282–1309.

37. M. Fishbein and I. Ajzen, Attitudes and voting behavior: An
application of the theory of reasoned action, in G. M.
Stephenson and J. M. Davis (eds), Progress in Applied
Social Psychology, 1, Wiley, London, UK, 1981, 253–313.

38. M. Fishbein and I. Ajzen, Belief, attitude, intention and
behavior: An introduction to theory and research, Addison-
Wesley, Reading, MA., 1975.

39. I. Ajzen, The theory of planned behavior, Organizational
Behavior and Human Decision Processes, 50(2), 1991, pp.
179–211.

40. F. Davis, Perceived usefulness, perceived ease of use, and
user acceptance of information technology,MIS Quarterly,
13(3), 1989, pp. 319–340.

41. V. Venkatesh and H. Bala, Technology acceptance model 3
and a research agenda on interventions, Decision Sciences,
39(2), 2008, pp. 273–315.

42. V. Venkatesh, J. Thong and X. Xu, Consumer acceptance
and use of information technology: Extending the unified
theory of acceptance and use of technology,MIS Quarterly,
36(1), 2012, pp. 157–178.

43. A. A. Armenakis, S. G. Harris and H. S. Feild, Making
change permanent: A model for instituationalizing change
interventions, Research in Organizational Change and Devel-
opment, 12(1999), pp. 97–128.

44. B. T.Hazen,Y.Wu, C. S. Sankar andL.A. Jones-Farmer, A
proposed framework for educational innovation dissemina-
tion, Journal of Educational TechnologySystems, 40(3), 2012,
pp. 301–321.

45. Y. Lee, K. A. Kozar and K. R. T. Larsen, The technology
acceptance model: Past, present, and future, Communica-
tions of theAssociation for InformationSystems, 12(50), 2003,
pp. 752–780.

46. C.HendersonandM.H.Dancy, Impact of physics education
research on the teaching of introductory quanititive physics
in the United States, Physical Review Special Topics—
Physics Education Research, 5(2), 2009, pp. 020107-
020101–020107-020109.

47. V. D. Miller, J. R. Johnson and J. Grau, Antecedents to
willingness to participate in aplannedorganizational change,
Journal of Applied Communication Research, 22(1), 1994, pp.
59–80.

48. D. T. Holt, A. A. Armenakis, H. S. Feild and S. G. Harris,
Readiness for organizational change: The systematic devel-
opment of a scale,The Journal of Applied Behavioral Science,
43(2), 2007, pp. 232–255.

49. R. Agarwal and J. Prasad, Are individual differences ger-
mane to the acceptance of new information technologies?,
Decision Sciences, 30(2), 1999, pp. 361–391.

50. D. R. Compeau, D. B. Meister and C. A. Higgins, From
prediction to explanation: Reconceptualizing and extending
the perceived characteristics of innovating, Journal of the
Association for Information Systems, 8(8), 2007, pp. 409–439.

51. G. Hall, A. A. George and W. L. Rutherford, Measuring
stages of concern about the innovation: A manual for use of
theSoCQuestionaire (ReportNo. 3032),UniversityofTexas

Learning Technologies: Bridging the Gap between Intention, Adoption and Routine Use 2117



at Austin, Research and Development Center for Teacher
Education (ERIC Document Reproduction Service No. ED
147 342), Austin, TX,

52. L. Alpkan, C. Bulut, G. Gunday, G. Ulusoy and K. Kilic,
Organizational support for intrapreneurship and its interac-
tion with human capital to enhance innovative performance,
Management Decision, 48(5), 2010, pp. 732–755.

53. H. A. Richardson, M. J. Simmering and M. C. Sturman, A
tale of three perspectives: examining post hoc statistical
techniques for detection and correction of common method
variance,Organizational Research Methods, 12(4), 2009, pp.
762–800.

54. B.K.Miller andB.Chiodo,Academic entitlement: Adapting
the equity preference questionnaire for a university setting,
SouthernManagementAssociation, St. Pete Beach, FL, 2008,

55. ABET,FindAccreditedPrograms, http://main.abet.org/aps/
Accreditedprogramsearch.aspx, Accessed July 3, 2013.

56. W. Nejdi and P. Brusilovsky, Introduction to the IEEE
Transactions on Learning Technologies, IEEE Transactions
on Learning Technologies, 1(1), 2008, pp. 3–4.

57. H. Pirkkalainen, J. P. Jokinen and J. M. Pawlowski, Under-
standing Social OER Environments—A Quantitative Study
on Factors Influencing the Motivation to Share and Colla-
borate, Learning Technologies, IEEE Transactions on, 7(4),
2014, pp. 388–400.

58. M.H.Kutner, C. J. Nachtsheim, J. Neter andW. Li,Applied
Linear Statistical Modeling, McGraw_Hill/Irwin, 2005.

59. S. Menard, Applied Logistic Regression Analysis, SAGE
Publications, Inc., 2002.

60. J. Cohen, P. Cohen, S. G. West and L. S. Aiken, Applied
Multiple Regression/Correlation Analysis for the Behavioral
Sciences, Lawrence Erlbaum Associates, Inc., Mahwah,
N.J., 2003.

61. K. Riley, M. Davis, A. C. Jackson and J. Maciukenas,
‘‘Ethics in the details’’: Communicating engineering ethics
viamicro-insertion, IEEETransactions onProfessionalCom-
munication, 52(1), 2009, pp. 95–108.

62. S. Cramer, R. Jeanne, M. Lafayette, M. J. Litkow, A. R.
Smith and L. Tong, Sustaining appropriate technology
enhanced learning in STEM disciplines, American Society
for Engineering Education, Louisville, KY, United States,

63. J. Hannon, Breaking down online teaching: Innovation and
resistance, Australasian Journal of Educational Technology,
25(1), 2009, pp. 14–29.

64. National Research Council, Transforming undergraduate
education in science, mathematics, engineering, and technol-
ogy, The National Academies Press, Washington, D.C.,
1999.

65. S.Wyckoff,Changing the culture of undergraduate teaching:
Shifting from lecture to interactive engagement and scientific

reasoning, Journal of College Science Teaching, 30(5), 2001,
pp. 306–312.

66. American Society for Engineering Education, Creating a
cultureforscholarlyandsystematic innovation inengineering
education, http://www.asee.org/about-us/the-organization/
advisory-committees/CCSSIE/CCSSIEE_Phase1Report_
June2009.pdf, Accessed June 20, 2013.

67. American Society for Engineering Education, Innovation
with impact, http://www.asee.org/InnovationwithImpact,
Accessed May 16, 2013.

68. President’s Council of Advisors on Science and Technology,
Report to the President: Engage to excel: Producing one
million additional college graduates with degrees in science,
technology, engineering, andmathematics.WashingtonDC:
Executive Office of the President., http://www.whitehouse.
gov/sites/default/files/microsites/ostp/pcast-engage-to-excel-
final_feb.pdf, Accessed October 21, 2012.

69. F. J.Veldman,M.A.DeWet,N.E. IkeMokheleandW.A. J.
Bouwer,Can engineering education in SouthAfrica afford to
avoid problem-based learning as a didactic approach?,
European Journal of Engineering Education, 33(5/6), 2008,
pp. 551–559.

70. L. E. Bernold, Applying total-quality-management princi-
ples to improving engineering education, Journal of Profes-
sional Issues in Engineering Education and Practice, 134(1),
2008, pp. 33–40.

71. M. Christie and R. G. Jurado, Barriers to innovation in
online pedagogy, European Journal of Engineering Educa-
tion, 34(3), 2009, pp. 273–279.

72. L. N. Tabata and L. K. Johnsrud, The impact of faculty
attitudes toward technology, distance education, and inno-
vation, Research in Higher Education, 49(7), 2008, pp. 625–
646.

73. M. H. Dancy and C. Henderson, Pedagogical practices and
instructional change in physics faculty, American Journal of
Physics, 78(10), 2010, pp. 1056–1063.

74. C. Henderson and M. H. Dancy, Barriers to the use of
research-based instructional strategies: The influence of
both individual and situational characteristics, Physical
Review Special Topics: Physics Education Research, 3(2),
2007, pp. 200102.

75. G. M. Nicholls and S. L. Restauri, Instituting and assessing
the effectiveness of focused e-learningmodules in engineering
education, International Journal of Engineering Education,
31(2), 2014, pp. 461–475.

76. Y.Hung,R.ChangandC.Lin,Developing computer science
learning system with hybrid instuctional method, Interna-
tional Journal of Engineering Education, 32(2B), 2015, pp.
995–1006.

David M. Bourrie et al.2118

Appendix A. Examples of learning technologies used/plan to use by respondents

Learning Technologies Number of
respondents Examples Mentioned by Respondents

Online learning systems 113 � Use web resources for learning materials in lieu of textbooks
� All class notes put on web
� Flip class on algorithmic problem solving
� Use Prezi
� Video maker for YouTube

Learning via discovery, field,
and lab work

28 � Project-based learning
� Lab-immersion based approach to teach microwave circuit design
� Use company-sponsored and integrated laboratory activities
� Projects in the classroom which are publishable
� Hands-on lab for network security course
� Platform-based system development labs
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Intelligent tutors 24 � Online review quizzes
� Use Gradiance which creates and administers class exercise.
� Online tutors
� Project Euler as a source of practice problems
� Use WebWork to assign online homework

Collaborative training tools 22 � Have student from two classes teach each other on parallel computing
� Collaborative learning where seniors grade juniors’ papers
� Studio based learning
� Peer reviews of projects
� Learning by discovery in digital logic design

Devices and interfaces for
learning

22 � Use white boards for written demonstrations
� Instrumentation installed in pipes and use this data for lab exercises
� Use iClickers
� Integrate Smart Board into presentations
� Small portable instrumentation allows me to bring the construction and testing steps
into the classroom

� A Phase Lock Loop development board
� Use robot to teach embedded devices

Creation and management of
learning objects

19 � Develop a module on ethics
� Create a security-first engineering curriculum
� Embedded systems
� Agile programming techniques

Interactive techniques for
learning systems

16 � Use challenge-based learning
� Student-led design of computer architecture
� Use book/ movie reviews on AI
� Think pair share strategies
� Scavenger hunts to teach encryption and loop constructs
� Use research to drive class discussions

Learning with mobile devices 14 � Use tablet computer to record lectures which then put on web
� Conduct projects on mobile devices using open source software
� Use applets on transmission lines
� Use iPython to do mathematical manipulation
� Use Smartphones for programming courses
� Mobile devices for online learning

Educational software
applications and games

9 � Remote lab experience
� Integrated automatically generated static and dynamic software visualization into
introductory course

� Multimedia case study and smart scenarios
� Gamified learning approach
� Use virtual machine software

Simulation systems for
education and training

9 � Annotate animated slides
� Teach intro to computer programming with humanoid robots
� UseMathematic symbolic equation solving and graphics for electromagnetic problems
� Simulation in project management
� Use High Tech Tools & Toys lab

Tools for formative and
summative assessment

8 � Implement faculty course assessment report in the course
� Develop Active and Learning system
� Online assessment of study habits
� CATME, a high-quality tool for assessing the effectiveness of individual team
members

� Concept inventory

Personalized and adaptive
learning systems

7 � Conduct a variety of labs using a MEMS chips
� Mobile lab in electric circuits allows students to learn not limited by time, space, or
equipment

Ontologies for learning
systems

7 � Curriculum development for GPU based Parallel Programming course
� Student centered learning
� Guest lectures
� Use reflective writing

Standards and web services
that support learning

4 � Allow faculty to share files and folders using a server
� Use Microsoft OneNote as the mandatory option of note taking in class

Authoring tools for learning
materials

3 � Develop new labs using Labview
� Use open source Real-Time Operating System (RTOS) for lab exercises
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Social networks and
infrastructures for learning
and knowledge sharing

3 � Use local multicast wireless/ wired hybrid networks
� Use student texting for Q&A

Computer support for peer
tutoring

1 � Use a sequence of labs that finally results in large piece of software that is used to tutor
each other

None of the above 26 � Supplemental instruction
� Use basic slides and notes
� Blackboard and chalk

Total 335
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