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Abstract 
This report examines work by DRDC to develop a model of factors that inhibit the use of learning technology in 
a Canadian Forces Context. The focus is to assess the background and study methodology undertaken by 
DRDC. It proceeds in three major states: first, a review of the literature related to technology adoption, risk 
management, and assessment validation; second, an examination of DRDC’s pilot study and proposed wider-
scale assessment from the perspective of the literature review; and third, a series of recommendations to 
DRDC based on the first two parts. 
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A. Background Literature 
 

Acceptance Models 
Technology acceptance and diffusion models describe and explain the adoption and deployment of new tools 
and applications. Adoption theory describes the choices individuals make, and is understood in terms of 
behaviour change. Diffusion theory considers the spread of a technology over time across an organization 
(Straub, 2009, 627). 

These models are largely based in social cognitive theory and describe two major roles for social learning: 
vicarious experience through modelling (Bandura, 1963, 607), and vicarious experience mediated through the 
use of a technology (Bandura, 2001, 17). Major factors influencing acceptance decisions include: attention to 
the behaviour, whether it is retained or recollected, whether it can be reproduced successfully, and whether the 
agent is motivated to do it again (Straub, 2009, 629). 

Innovation Diffusion Theory 
Rogers' Innovation Diffusion Theory (1962) describes five stages of evaluation of an innovation: awareness of 
the innovation, persuasion of its benefits, decision to adopt the innovation, implementation of the decision, and 
confirmation of the innovation process. These happen in individuals at different times, resulting in Rogers’ 
‘innovation diffusion curve’, which describes the progress of an innovation through early adopters, mainstream 
and late adopters or laggards. 

Adoption is “a decision to make full use of technology innovation as the best course of action available” where 
innovation is “anything that is perceived as new from the perspective of the adopters and is described by 
Rogers by five characteristics: relative advantage, compatibility, complexity, traceability, and observability” 
(Rogers, 1995, 5; Granić, 2023, 184-5). Following Bandura, Rogers also describes the channels of 
communication through which an innovation is modelled, and the social system, that is, the "a set of 
interrelated units that are engaged in joint problem-solving to accomplish a common goal" (Rogers, 1995, 23) 
in which the adoption decision takes place. 

Theory of Planned Behavior 
“A person's intention to perform (or not to perform) a behaviour is the immediate determinant of that action” 
(Azjen, 1985, 12). Changes in intention can be caused by changes in the salience of belief, new information, 
changes in confidence or commitment, individual differences such as skills, willpower, emotions and 
compulsions, or external factors such as time, opportunity, and dependence on others.    

Technology Acceptance Model 
Davis’ Technology Acceptance Model (TAM) considers attitudes, rather than behavioural intentions, as the 
main predictors of behaviour. According to the theory, the user’s motivation can be explained by perceived 
ease of use and perceived usefulness (Davis, 1989, 333).  
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Figure 1 – Factor Analysis of Perceived Usefulness and Ease of Use. By the authors; adapted from Davis, 1989, p. 
331 (Table 7, Study 2) 

Over time, the original model by was extended through the addition of other constructs (Granić, 2023, 186ff): 
perceived enjoyment, conformity behaviour, and self-esteem (Yu, 2020); perceived playfulness (Lin and Yeh, 
2019); and privacy, infrastructure, institutional support, and access devices (Aburagaga, Agoyi, and Elgedawy 
(2020) 

The Decomposed Theory of Planned Behavior (DTPB) combines TPB and TAM to depict specific beliefs as 
decomposed into belief constructs (Taylor & Todd, 1995, 147). Factors that impact the acceptance and usage 
of a technology include: attitude (perceived ease to use, perceived usefulness, and compatibility), subjective 
norm (peer influence and superior influence), and perceived behavioural control factors (self-efficacy, resource-
facilitating conditions, and information technology support). 

Concerns-Based Adoption Model 
According to Straub (2009) “technology adoption is a complex, inherently social, developmental process; 
individuals construct unique yet malleable perceptions of technology that influence their adoption decisions. 
Thus, successfully facilitating technology adoption must address cognitive, emotional, and contextual 
concerns.” Accordingly, the Concerns-Based Adoption Model (CBAN) “includes three diagnostic, judgement-
free components, the Stages of Concern (SoC) survey; Levels of Use (LoU) interviews; and Innovation 
Configuration Maps (ICM). Through 35 survey items, the SoC survey identifies individual attitudes and beliefs 
of change agents and how they align with the innovation” (Olson, et al., 2020, 50) while the LoU identifies 
stages of use of the innovation, ranging from ‘novice’ to ‘advanced user’. 

Unified Theory of Acceptance and Use of Technology 
Following a review of technology acceptance models (including those listed above), Venkatesh, et al. (2003) 
extracted common factors tested a model called the Unified Theory of Acceptance and Use of Technology 
(UTAUT), “which posits three direct determinants of intention to use (performance expectancy, effort 
expectancy, and social influence) and two direct determinants of usage behavior (intention and facilitating 
conditions). Significant moderating influences of experience, voluntariness, gender, and age were confirmed as 
integral features of UTAUT” (Ibid., 467).  

Barriers to Technology Adoption 
While the acceptance models discussed above focus on factors influencing technology adoption, it is often 
useful to focus on the barriers specifically, as for example by Reid (2014). “Unavailable technology is an 
obvious barrier. Less obvious are the reliability and complexity of available instructional technologies. Because 
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these can be complex, faculty with poor self-efficacy may be reluctant to try them. If a technology is unreliable, 
faculty turning away from it will influence others to do the same" (386-7).  

A comparison of the specific categories identified by Reid and the factors discussed in the acceptance models 
will reveal a significant degree of overlap. In Reid, however, the point of view or perspective of the person 
adopting technology assumes greater importance. For example, “Leadership may not understand the 
complexities of the technologies, or the time needed to master them” (394). This creates a need to study 
technology adoption from the perspective of different and specific roles within the organization.  

Risk Management  

Risk Assessment Models 
Risk assessment models measure an organization’s exposure to negative consequences as a result of a policy 
or plan, including in the present case the risks associated with the adoption of new learning technologies. Risk 
assessment evaluations may be qualitative, quantitative, or a combination of both (for example, by converting 
responses on a qualitative scale to numerical values (Kokangül et al, 2017, 26)). Risk assessments are usually 
subjective, measuring ‘perceived’ or ‘expected’ risk, though sometimes objective risk assessments can be 
derived from physical or mathematical properties of the environment being assessed. 

Fine-Kinney method 
The Fine-Kinney method of risk assessment (Fine, 1971; Kinney, 1976) calculates a risk score based on the 
product of scores for probability, exposure, and consequences. Each is weighted equally; later modifications 
vary the weighting.  

 
Figure 2 Risk Factors. By the Authors. Adapted from Enhesa. https://support.enhesa.com/hc/en-
us/articles/360043232272-Fine-Kinney-Risk-Ranking-Methodology  
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Analytical Hierarchy Process Model 
The Analytical Hierarchy Process model is a method for weighting and combining multiple goals or outcomes 
and multiple criteria in order to obtain weighted outcomes (Harker, 1989, 8). Risks are assessed using a risk 
classification scheme organizing risk factors according to categories, for example, ‘acts of god’, ‘financial’, 
‘design’, etc., with subfactors being identified under each, forming a hierarchy (Mustafa and Al-Bahar, 1991, 
48). 

 
 

Figure 3 – AHP Risk Assessment Model. By the authors. Adapted from Mustafa and Al-Bahar, 1991, 48 

Risk Matrix 
A risk matrix combines the first two elements of the Fine-Kinney model. For example, the U.S. Department of 
Defense describes it as follows: “Consistent predefined likelihood and consequence criteria provide a 
structured means for evaluating risks so decision makers and program office staff can make objective 
comparisons” (DOD, 2017, 23). Risks may be further weighted by other factors, for example, cost to mitigate 
(Ibid. 29). A red-yellow-green colour scheme is characteristically employed to illustrate the final risk score. A 
risk assessment may be combined with an ‘opportunity management’ calculation in order to weight benefits in 
addition (Ibid. 43). 

Validation 
Studies such as the one described in this report are subject to the reliability and validity assessment to 
determine how well they measure the phenomena they are investigating; as commonly understood, 
reliability refers to the consistency of a measure, while validity refers to the accuracy of a measure. The 
measures surveyed here take into account both aspects, and the list is drawn both from formal studies 
of research assessment (AERA, 2014) as well as literature related to more specific forms of assessment. 

Content Validity 
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An assessment of content validity concerns the degree of correlation of test scores with external criteria 
(Cureton (1951) in Sireci, 1998, 88) and includes elements of content representativeness and content 
relevance (Messick, 1975) or process (Tenopyr, 1977). 
 
Content validity involves assessing whether the questions in the survey cover the entire range of issues 
or concepts being studied. This is done by having subject matter experts review the survey questions to 
ensure that they are relevant, appropriate, and comprehensive (Olsen, 2010, 136).  

Construct Validity 
Construct validity is similar to content validity, though it refers specifically to the structure or 
construction of the concept intended to be measured. This construct may be depicted using a Rasch 
model, which defines how data should be structured in order to obtain measurements from it. In a 
Likert survey, where respondents the option that best describes their attitudes, beliefs, and experiences, 
the Rasch model measures such factors as the unidimensionality and local independence of those 
options (Yamashita, 2022, 4). 
 
Construct validity may be assessed by testing the survey and comparing the results with established 
measures of the same concept. This may be represented as a mapping of the questions in the survey or 
questionnaire to the structure of the concept being measured, and determination that response options 
do not overlap or extend beyond the construct being measured. 
 

Criterion Validity 
Wikipedia defines criterion validity, or criterion-related validity, as “the extent to which an 
operationalization of a construct, such as a test, relates to, or predicts, a theoretical representation of 
the construct - the criterion". For example, if the test measures X as a barrier to Y, then in a model of the 
concept, the unmitigated presence of X would predict an absence of Y. 
 
The American Educational Research Association (AERA, 2014, 29) recommends that "the description of 
each criterion variable should include evidence concerning its reliability, the extent to which it 
represents the intended construct (e.g., task performance on the job), and the extent to which it is likely 
to be influenced by extraneous sources of variance." In any systems model, this extent may be high. 
That is, to continue the example, the description considers additional or alternative explanations for the 
absence of Y.  
 
Criterion validity involves comparing the survey results with another established measure of the same 
construct to ensure that they are consistent (Fink, 2010). For example, if a survey is measuring job 
satisfaction, the results could be compared with another established job satisfaction scale. 
 

Test-Retest Reliability 
 
Typically, test-retest reliability involves administering the survey twice to the same group of people and 
comparing the results to ensure that they are consistent. This is done to assess the stability of the survey 
over time. As AERSA (2014, 39) states, "The overall reliability/precision, given error variance due to the 
sampling of forms, occasions, and raters, can be estimated through a test-retest study involving 
different forms administered on different occasions and scored by different raters." 



 

 

 

Analysis of Barriers to Technology Adoption  PAGE 10  
 

 
In some cases, it may be impractical to administer the same survey to the same people, as the 
application of the survey the first time may influence responses the second time, particularly when the 
survey is administered in the context of a focus group. In such a case, it may be sufficient to administer 
the same survey twice to the same type of people. The focus of test-retest is to assess the questions, not 
the specific individuals; “Information about random fluctuations in scores is essential for understanding 
the reliability of change scores—that is, for distinguishing random short-term score differences from 
true improvements or deteriorations over time” (Polit, 2014, 1714). 
 
 
 

Internal Consistency 
 
Internal consistency involves assessing the extent to which the questions in the survey are measuring 
the same construct. For example, if some questions are asking about the objective existence of an 
entity, and other questions are asking about a respondent’s perceptions of an entity, the questions are 
not measuring the same construct. Assessment of internal consistency may be considered conceptually, 
as in the example just given, or by using statistical techniques such as coefficient alpha to assess the 
inter-correlation between the survey items (Cronbach, 1951). 
 
The coefficient alpha is “an internal-consistency reliability coefficient based on the number of parts into 
which a test is partitioned (e.g., items, subtests, or raters), the interrelationships of the parts, and the 
total test score variance.” It is also called Cronbach’s alpha and, for dichotomous items, KR-20 (AERA 
2014 217). The internal-consistency coefficient is “an index of the reliability of test scores derived from 
the statistical interrelationships among item responses or scores on separate parts of a test” (AERA 2014 
220). 
 
To assess the internal-consistency coefficient a method such as the split-halves method may be 
employed, where “scores on two more-or-less parallel halves of the test (e.g., odd-numbered items and 
even-numbered items) are correlated, and the resulting half-test reliability coefficient is statistically 
adjusted to estimate reliability for the full-length test” (AERA 2014 35-36).  
 

B. DRDC Study 

Pilot 
A previous pilot study was structured as follows: “Accordingly, a two-day workshop format was developed, the 
first day of which was spent introducing the future (Land Vehicle Crew Training System (Canada, 2020)) 
system, and discussing potential LVCTS use cases (as framed by participant’s roles within the training system). 
This set the stage during the second day for the elicitation and prioritization of potential barriers for LVCTS, and 
subsequent identification of potential pathways for addressing them” (Martin, Jarmasz & Kirollos, 2021, 2) 

A framework for barriers 
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The pilot study concerned barriers to the implementation of the Land Vehicle Crew Training System (LVCTS) 
and was based on the following model of factors impacting technology adoption (Martin, Jarmasz, and Kirollos, 
2021): 

● Technology  
○ T1-Access, T2-Reliability, T3-Complexity 

● Process  
○ P1-Project management, P2-Support to trainers and learners, P3- Technical Assistance, P4-

Support Staff, P5-Recognition of learner needs, P6-Professional Development available, P7-
Consideration of Collective Training 

● Administration  
○ A1-Instructor control of technology, A2-Institutional support for use of technology, A3-Effort 

Estimate, A4-Recognition of adopters, A5- Sufficient adoption time 
● Environment  

○ E1-Organizational Change Instructor Role, E2-Organizational Change Instructor Value, E3-
Tension with established practice, E4-Legal concerns, E5-Effectiveness of Technology  

● Training Stakeholders 
○ TS1-Instructors effectively use technology, TS2-Instructors embrace change, TS3-Instructor 

ability to use technology, TS4-Instructors have positive view, TS5-Instructors receive PD 

This may be compared to previous work (Jarmasz and Martin, 2018), which is adapted from Reid (2014): 

● P4-Support Staff, P5-Recognition of learner needs, P6-Professional Development available, and P7-
Consideration of Collective Training are added  

● A4-Recognition of adopters are A5- Sufficient adoption time are added 
● The item ‘Organizational change’ is split into E1-Organizational Change Instructor Role and E2-

Organizational Change Instructor Value, E3-Tension with established practice is added, and there is a 
distinction between assessment of technology effectiveness and (organizational) perception of it  

● The section on instructors as training stakeholders is expanded 

It may be argued that Reid’s work is a marked departure from the models of technology adoption. However, 
while discussing Reid, we are less inclined to see it as a 'marked departure' because there's so much overlap 
on the factors considered, as it is a requirement for multiple, and more specific, perspectives. That's what is 
accomplished with a focus on roles. But this isn't a departure from the TAM literature; it is an extension of it. 

Results and Key Takeaways 
Significant results from four pilot studies were as follows: 
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Figure 4 – Impact and Presence Ratings. Reproduced with permission from Blake Martin The original can be found in 
Martin, Jarmasz & Kirollos, 2021, 9. 

Key takeaways, ibid., quoted from p. 19: 

● Assume different sites will use the system differently 
● Assume future learners will need to learn different content 
● Assume future trainers will want to train differently 
● “Realism” can be conveyed by non-virtual components 
● Visual effects and simulated realism were spoken of much more often than 6-DoF movement; 

however, 
● the actual conversations during the focus groups very frequently steered toward full motion simulation 
● Users need graded access to system features 
● System must have connectivity and “relatedness” 

Looking at Barriers as Pathways 
It is understood that the survey is less focused on acceptance models than it is an examination of an institution, 
and specifically, what affordances are needed for an institution design or adapt new models and technologies 
to instruct and develop personnel. It is focused more on the sociology of the institution rather than the sociology 
of the technology. By contrast, as described above, technology acceptance models focus on individuals, not 
institutions. 

Accordingly, Martin, Jarmasz & Kirollos (2021, 10) propose representing the barriers as ‘pathways’. This offers 
a more institutional perspective, suggesting means and mechanisms to achieve organizational goals. Barriers 
are then defined in terms of the pathways. “During each (focus group), an opportunity was provided to 
participants to directly address and find pathways for selected barriers which they deemed most salient… these 
pathways are intended to provoke discussion rather than prescribe solutions, and are not to be construed as a 
definitive list.” 

● Technology  
○ Apply best practices for managing, applying technology 
○ R&D to improve technology with user-centred design 

● Process  
○ Institutionalize Professional Development for Distributed Sim 
○ R&D to further develop collective training theory 
○ R&D on tools for collective training support (e.g., scenario generation) 

● Administration  
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○ Institutional commitment to providing resources for distributed sim 
○ Develop policies & strategies supporting distributed sim 
○ Research to understand true cost & value of distributed sim 

● Environment  
○ Top-down buy-in 
○ Concerted institutional effort at culture change 
○ Research on training effectiveness of distributed simulation 

● Training Stakeholders 
○ PD to improve instructor skills, self-efficacy 
○ R&D on training support tools (e.g., automated measures, content authoring) 

Though not founded in technology acceptance models, there is a significant overlap, and it is arguable that the 
models provide guidance for the development of pathways, because in many respects, the actions of an 
organization depend on the actions of individuals. 

Looking at Barriers as Risks 
The pilot study as well as the study adopt a hierarchal framework describing barriers to technology adoption 
(Reid, 2014), consistent with the Analytical Hierarchy Process model, as follows: 

 

Figure 5 - A conceptual framework describing the causal factors that can act as barriers to the adoption of 
instructional technologies. Reproduced with permission from Blake Martin. The original can be found in Bennett, et al, 
2020, 13, adapted from Reid (2014).  

Questions addressing each of the categories and subcategories were designed following a risk assessment 
matrix model, as described above. Hence, respondents were asked to report on both the likelihood of a given 
outcome, as well as the impact of this outcome. 



 

 

 

Analysis of Barriers to Technology Adoption  PAGE 14  
 

 

Figure 6 - Example of a question posed in a specific risk category, in two parts. Barriers and Pathways Questionnaire, 
5. Reproduced with permission from Blake Martin from unpublished PDF survey. 

The framing of technology barriers as risks is consistent with extant risk management literature. As an overall 
methodology, therefore, this approach is sound, though additional discussion on categories, wording of 
questions, and the range of options, will be undertaken below. 

Study Overview 
In the study, questions are again represented as pathways: 
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Figure 7- Questions represented as pathways. Reproduced with permission from Blake Martin from unpublished PDF 
survey. 

 

General Considerations  
The survey reflects a fine line between objective assessments of the state of affairs of technology adoption, 
and the individual’s perceptions as they may impact technology adoption (or even, an objective assessment of 
perceptions that may adopt technology adoption). Are respondents talking about other people, or are they 
talking about themselves? Lack of clarity on this could create a fuzziness in the results. 

We can ask, is there a way that people can be a representative of their 'kind'? For example, if someone asked 
about work conditions for scientists at NRC, one would of course be answering for themselves, but could 
probably also provide some general insight about the situation for NRC scientists.  Could both be true? 
Perhaps, but even so, but it would be important to distinguish between them. A person can be " a special case" 
or “a typical researcher”, but probably not at the same time.  

Additionally, individual perceptions are influenced not only by their own experience but also as experienced 
either by behaviour that is modelled by others or even through broadcast and social media (Bandura, 1986), a 
factor that is reflected through most assessments of perceived barriers to technology adoption. This study does 
not reflect these social experiences as barriers to adoption, though some models identify them as such (e.g. 
Azjen, 1985, 28). 

Scales 
As noted above, two scales for each impact factor are employed, one measuring the risk factor, the other the 
impact. It should be noted that the risk factor is introduced as a pathway. This, the model is generally: 

· Pathway: X does Y 
· Assessment: 

o The impact of the worst (or some) barrier to Y is: range: negligible to critical 
o The likelihood of the barrier is: range: never to always 
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The range of responses is ordered in the manner of a Likert scale, that is, it is ordered, and allows a selection 
from a range of responses, and neutral with respect to the desirability of one or another response. In addition to 
measuring agreement or disagreement with a statement, Likert scales can be used to measure other ranges of 
options: 

 

Figure 8 - Likert scales. By the authors. Adapted from Mcleod, 2023. 

Though it is assumed that the options are spaced at consistent intervals, this is not always the case. In 
particular, options at the end-points expressing a universal (for example: ‘never’, ‘always’, ‘zero’) are at 
extremes, meaning they may be more or less likely to be selected than other options (Joshi, et al., 2015, 401).  

The following considerations arise: 

· With respect to ‘barrier presence’, is the survey measuring frequency or likelihood? All else being 
equal, are respondents as likely to respond ‘always’ as ‘usually’? Is the meaning of ‘usually’ the same 
as the more commonly used ‘often’? Is there a reason for the placement of ‘never’ at the beginning 
(i.e., the left) of the scale, rather than to the right (where it is more commonly found)? 

· With respect to ‘barrier impact’, can the terms employed (from ‘negligible’ to ‘critical’) be thought of as 
value-laden? Do they reflect the measurement of a perception, with which a person may agree or 
disagree, or the measurement of an objective fact? 

· Questions ask about “the worst (or any) barrier present on this pathway…”  Though not stated, the text 
in these questions appears to refer to the examples provided by the respondent. However, it is not 
clear whether the respondent is intended to select ‘the worst’ (however evaluated) barrier or ‘any’ 
barrier. 

Roles 
The survey in its current form requests that respondents define a specific role that serves as the context for the 
survey. This focus on a particular role may be artificial; people may well identify with multiple roles, and there 
may be a distinction between a personal response and a role-based response. Given that many technology 
models identify personal, rather than role-based, factors in technology selection, a number of considerations 
arise. 

Additionally, the emphasis on role may suggest to the respondent an intention to adopt an organizationally-
based stance, a ‘view from nowhere’. rather than a stance informed by the respondent’s own personal 
experience. These might result in very different responses. For example, the organizational response to “the 
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organization appropriately recognizes and compensates the effort of the personnel adopting the new 
technology” might be “of course we do” while the personal response might be “I haven’t seen it.” 

Two specific concerns arise: 

· It might not be clear to the respondent what stance they are intended to adopt as a respondent to the 
survey; even if this is made clear in the focus group, this clarity may be obscured in subsequent 
reports or documentation of survey results. 

· It is not clear that an organization-based or role-based response would result in the most valid or 
reliable data. Additionally, the presentation of technology barriers as risks rather than perceptions or 
experiences may additionally have an impact on validity, especially from respondents who have not 
been trained in the process of risk assessment. 

Again, the question of multiple perspectives arises. It may be argued that the definition of 'role' is important as it 
allows us to understand that the nature of responses may be determined through the lens of role. For example, 
if an instructor tells you that the technology breaks down because it is unreliable and a maintenance person 
tells you a technology breaks down because instructors misuse it, the solution will be more nuanced.  The role 
definition adds context. Such an example, however, is a case where the roles rarely, if ever, overlap. But we 
can imagine a case where one person is a maintenance person and also an instructor. If we just describe this 
person's response by role, it is being misrepresented; it's not actually a description of the role, it's a reflection of 
the person. 

It is understood that the survey attempts to get people of differing backgrounds to identify a way they work with 
the technology, which they would identify a primary role, so each role category is represented by specific 
individuals. In particular, the desire is to ensure the survey is not filled only by users or only by administrators.  

Validity 
Content validity for the study is based on expert review from the perspective of known factors of technology 
acceptance and, with respect to the specific approach undertaken in the current study, assessment of risk 
management strategies. It is noted that the proposed questionnaire does address the broad range of factors 
raised in the literature. 

The construct validity of the Likert scales used in the questionnaire were assessed in this review. Several 
concerns were noted. In some cases, it appeared that questions were compound questions, that is, they 
measured two factors simultaneously. In other cases, questions appeared vague. Specific examples are 
offered in the next section. It was also not clear that the questions in the survey mapped consistently to the 
selection of options available. For example, regarding the assertion “The organization appropriately recognizes 
and compensates the effort of the personnel adopting the new technology,” the question “The worst (or any) 
barrier present on this pathway poses risk to implementation of the technology for learning,” with options 
ranging from ‘negligible’ to ‘critical’ being offered.  

The study does not include a method for comparing results obtained with similar measures of technology 
adoption in similar domains, though as noted, the survey construction is drawn from previous work, specifically 
Reid (2014).  

The study will be applied to varying cohorts, so an element of test-retest reliability is in place. However, it is not 
clear whether the mode of applying the survey (that is, in a focus group) and the nature of specific occupational 
groups introduces or eliminates variability in responses, and it is not possible to apply a retest strategy in a 
focus group context. Employing the survey in different occupational groups helps address this concern - during 
the LVCTS collection, and will be used 5 times with subsets of a population for another collection - but it is not 
possible to evaluate the effect if the focus-group method unless it is compared with an alternative method that 
does not use a focus group.  
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Though the domain of the study apparently applies to a single construct, no formal study of internal consistency 
has been conducted, and as is noted in the specific considerations (below) there are cases where, at least on a 
conceptual basis, inconsistency may occur. As suggested above, for example, some questions seem to be 
asking about the objective existence of an entity, and other questions may be asking about a respondent’s 
perceptions of an entity, which could signify an internal inconsistency. 

Specific Considerations 
This section studies the questions in the survey one-by one and identifies specific issues that arise; here we 
can see where the more general issues identified in this study arise. 

Instructions and Process 

It is important to place all instructions and descriptions of survey methodology at the top of the document. 
Specific steps in the instructions should be explicitly highlighted and placed up front, next to a definition of 
the technologies being discussed, and with information about the process. 

A common format is employed for each pathway: 

· The title and statement of the pathway 
· Instructions and three boxes provided in which respondents can give examples of barriers to the 

pathway 
· Two Likert scales measuring the respondent’s assessment of the ‘impact’ and ‘presence’ of a 

barrier.  

The following considerations arise: 

· Respondents are asked to ‘identify’ barriers, but it may be clearer to ask them to ‘describe’ the 
barriers.  

· It is not clear whether the size of the box represents a limit on the length of the response 
requested; it would be better to say ‘use as much text as you need; the boxes will expand’. 

· The process creates an incentive for a person to select ‘no observation’, since it’s much easier to 
just do that than to think of and describe examples. It may be preferable to ask respondents to 
identify possible barriers, as that eliminates the ‘no examples’ option, and since ‘never’ is an 
option on the scale for barrier presence. 

· It is not clear why up to three barriers are identified but only one of these is evaluated on the Likert 
scales. It may be worth attempting an alternative format: 

o Provide respondents with the pathway description 
o Have them identify as many possible barriers as they can imagine 
o Provide an assessment of the likelihood and impact of each barrier 

· It’s good to use of underlining to provide tooltip definitions. However, not everything that is 
underlined offers a tooltip, so a formatting change is recommended. 

Categories 

· T3 – poses a question about usability, which is something objectively measured in formal usability 
tests (Lewis & Sauro, 2021, 972), rather than asking a question about whether the technology causes 
confusion or seems inappropriate for educational use 

Process 
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“Process refers to systems and procedures needed to identify, procure, implement and promote…” and 
evaluate “…the use of a new technology.” 

· P1 - In Reid (2014) the project management approach is expressed in terms of whether staff and users 
are consulted, as opposed to whether it “anticipates and works to eliminate problems in using the 
technology.” Additionally, the question asks about “assessing learner needs”, “development of a 
training plan”, “specific goals and milestones to measure success.” It thus combines a number of 
different factors, resulting in a complex question. 

· P2 – is a compound question (i.e., a conjunction of two distinct questions) – “Leadership and other 
stakeholders…” 

· P3 – It is not clear whether ‘Technical Assistance’ means ‘technical support only’ or ‘technical support 
plus something else’, such as training or additional tools and resources. 

· P? – a question about the appropriateness of the adoption plan (if any, from the perspective of people 
who may or may not follow it) is not asked (labelled ‘P?’ because it does not correspond to any specific 
subsection of the survey) 

· P5 – the question asks whether “the organization recognizes learner needs by encouraging 
development of new models of teaching and new approaches to learning.” It is not clear the 
respondent will know whether the institution is developing new theory or whether the question refers to 
helping people develop skills in new methods? 

· P6 – It may be better to more explicitly state whether professional development includes things that 
are not traditional training, such as job aids, communities or practice. 

· P7 – The respondent may not know that ‘collective training concerns’ refers to the training of groups or 
cohorts, and the meaning may be unclear to people reading the survey results. 

Administration 

· A2 – It is not clear what “evidence of a perception” would be.  
· A? – It would be desirable to ask whether respondents see administration set an example by using the 

technology as well, as this is a factor frequently mentioned in technology adoption literature (labelled 
‘A?’ because it does not correspond to any specific subsection of the survey) 
. 

· A3 – a complex question is being asked. It is not clear whether ‘abandonment’ the standard being 
measured, or effort generally? 

· A4 – the question asks whether “organization appropriately recognizes and compensates the effort.” 
The respondent might not know. The term ‘compensation’ is vague, and suggests a relation to pay, 
leave, or other unspecified benefits. It is not clear whether ‘effort’ is being compensated, or whether a 
measurable parameter, such as ‘the use of the technology’, is being measured. 

Organizational Change 

Organizational change pathways are represented as follows: 

· E1: Organizational change is effectively managed to anticipate the shifting role of Teachers/Trainers 
who may take on extra responsibilities and require additional trouble-shooting skills, and technological 
familiarity as a consequence of the new technology. 

· E2: Organizational change is effectively managed to reduce fear that demands for improved learning 
at lower costs through the technology will not reduce the value or autonomy of the trainers. 

In both cases, ‘organizational change’ is represented passively, with no agent of organizational change 
identified. It is described as the agency for ‘articulating the shifting role’ and ‘reducing fear’ respectively. 
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This in both cases creates a complex question: first, whether the impact on role or fear has happened, and 
second, whether organizational change is responsible for this impact. 

Business Model 

· E? – questions about ‘business model’ or ‘business’ focus’ have been dropped. While it is understood 
that the survey is not being applied in a business or commercial context, the concept of a ‘business 
model’ remains relevant in the context of technology procurement and deployment (Davies, 2015, 5) 
and would be relevant in a technology barriers survey (labelled ‘E?’ because it does not correspond to 
any specific subsection of the survey). 

Environment 

Questions E3, E4 and E5 ask about states of affairs in the environment, specifically: 

● Whether “demands for improved efficiency, new training or educational priorities and policy changes 
are in tension with established or enculturated training practices or contrary knowledge of the trainers” 

● Whether there are “there are legal concerns created by required military customization of the 
technology beyond a consumer off-the-shelf model, military methods of procurement, or military 
ownership of intellectual property.” 

● Whether “the technology’s effectiveness has been carefully assessed against training objectives by 
scientific study, systematic use across instructors, and proof in non-permissive environments.” 

It seems likely that respondents will not have the knowledge or capacity to answer these questions as 
stated. This is especially the case with the second, which seems to require some background in law, but 
the first and third also ask about the actions or beliefs of third parties. 

The third is also vague about agency, similar to the issue identified under ‘organizational change’, above. 

Question E5 asks, “The technology’s effectiveness has been carefully assessed against training objectives 
by scientific study, systematic use across instructors, and proof in non-permissive environments.” This may 
well be beyond the capacity of the respondent to answer.  

Organizational Culture 
Question E3 states, “Demands for improved efficiency, new training or educational priorities and policy 
changes are not in tension with established or enculturated training practices or contrary knowledge of the 
trainers,” which is specifically a question about organizational culture. 

The question thus extends beyond Reid’s model, but reasonably so, as organizational culture, including 
training culture, can undeniably have an impact on technology adoption. This impact may be complex and 
broken down into numerous factors (Melitski, Gavin and Gavin, 2010, 555) and is thus a complex question. 
Because of this, questioners and respondents may be referencing different aspects of organizational 
culture. 

As is stated more generally below in the recommendations, specific questions would be preferable, for 
example, asking whether there is a contrast between what they are asked to do and the criteria against 
which they are evaluated, or whether the level of decision-making is consistent with the setting of 
requirements. 

Training Stakeholders 
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· TS1 – this question asks whether teachers and trainers can effectively use the technology. It is not 
clear which technology is being referenced: the technology used to provide the training, or the 
technology about which training is being provided.  

· It is also unclear what would constitute evidence for ‘can effectively use’. This question could refer 
to the skill or the trainer, or the quality of the technology. It could also be the result of an objective 
assessment (for example, having passed a course on the technology) or the respondent’s 
subjective assessment.  

· TS2 – asking whether teachers or trainers “embrace change” is probably inappropriate. Once 
again, one wonders how the respondents would be in a position to know. Questions should ask 
about specific instances, for example, “teachers or trainers have expressed negative views about 
the technology”. 

· TS3 – asks two separate questions, and requires a single response. If both questions are 
important, they should be asked separately. Also, again, ‘the technology’ is unclear – do we mean 
this technology, or technology in general? 

· TS4 – this question asks a question the respondent may be unable to answer, as it asks about the 
trainers’ or teachers’ perceptions and beliefs. This also may be a complex question, depending on 
whether there is a difference between “have a positive perception of the instructional technology’s 
effectiveness” and “believes the technology is effective”. 

C. Recommendations 

Validation 
Specific recommendations regarding construct validation are discussed below (in ‘Survey Contents’). 

Criterion Validation 
The survey should be validated against similar surveys of technological barriers in similar (and preferably 
military) domains. Ideally, before the survey is conducted, an exercise should be conducted whereby the 
results of the survey (for example, correlations between job function and perception of a barrier impact) are 
predicted, or at least, compared, with the other survey. 

Test-Retest Reliability 
Survey questions should be tested in other contexts to assess reliability. In particular, because the focus group 
method does not allow for a test-retest process, it is very difficult to assess the reliability of questions, hence, a 
shorter version of the survey should be applied as a questionnaire to similar target populations and an 
assessment of measurement reliability conducted (that is, whether similar people in similar contexts produce 
similar results).  

Format and Process 

Continuation as Focus Group 
The survey should continue to be administered in the context of a focus group. The survey by itself is an 
exhaustive (and exhausting) examination of barriers. It should not be simply released as a survey, since it may 
take an hour to complete. It would be much more effective as an aid to an in-person session where a person 
leads the discussion and answers questions as they come up, and then either (a) people record their answers 
during the session, or better (b) a recorder or scribe fills in the information about the examples as the session 
proceeds. 
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Clarity of Perspective 
Clearly define when personal perspective or objective assessments are required. It should be noted that in the 
development of technology and adoption models a distinction is drawn between adoption theory, which 
examines the individual and the choices an individual makes, and diffusion, understood in terms of the spread 
of an innovation across an organization over time.” (Straub, 2009, 626). Individual perceptions may be an 
accurate guide to the former, but misinformed about the latter. 

As noted previously, the survey reflects a fine line between objective assessments and the individual’s 
perceptions. It is important that this line be clearly identified and negotiated during the focus group sessions, 
and additionally, that all direction to the respondent regarding personal stance, perspective or point of view be 
clearly defined in survey results. 

We might ask, can we somehow walk the line between speaking to personal experience and including 
observations of the field in which the observer stands? Such a question, though, shows the importance of 
clarity of perspective. The line is between "objective assessments and the individual’s perceptions", not 
between 'experience' and 'observations'.  

For example, consider a statement about a crowd size. There is a fact of the matter - 12,321 people, say. 
Then there's the perception - "there were thousands of people", say. What would “walking the line” 
between these be? Specifically, if we are asking about a fact of the matter, then we should be expecting 
an answer like "12,321 people", which is not an estimate or a guess, etc., but an actual statement of fact 
(and perhaps verified by some measurement system). If we do not expect an answer like this, then we 
are not asking for a fact of the matter, and should be clear that what we expect as a result is a perception.  
 

Validate Role Definition 
The impact of requiring respondents to take a role-based or organizational perspective should be studied. As 
noted above, requiring an organization-based or role-based response, and, the presentation of technology 
barriers as organizational risks may impact the validity of the survey results. It should be noted that evidence 
one way or another regarding this question was not found in the research. 

Scales 
Provide as much guidance as possible to respondents regarding how barriers are described. A Likert-style 
survey generally poses a statement or assertion designed to be as neutral as possible, and then asks for 
respondents to express their opinions about the statement. Because the response is a single value, it is 
important for the question to be as specific as possible. However, in this survey, the pathways presented are 
complex and sometimes vague; there are specific recommendations about wording below, but some of this 
may be unavoidable. Then there are the barriers – which are what the Likert scales actually measure – but 
these are at the time of the survey undefined, and are provided by the respondents themselves.  

It will be important to provide as much guidance as possible to respondents regarding how barriers are 
described in order for the scales to be meaningful. In particular, respondents should be instructed as follows: 

· A barrier must be a single specific item  
· It must be the sort of thing that can be observed or believed by the respondent 
· The directionality of statements must be clear and consistent (e.g.., respondents should not define one 

barrier as ‘working technology’ and another barrier as ‘no instructions’) 

In discussion the researchers considered a variety of permutations where the scales had a neutral mid value 
and moved toward negative and positive values on either end. For example:  

· The reliability of the technology strongly impedes its use 
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· The reliability of the technology impedes its use 
· The reliability of the technology neither impedes nor enables its use 
· The reliability of the technology enables its use 
· The reliability of the technology strongly enables its use 

However, it was felt that this approach creates a complex question, where the separate questions are, "is the 
technology reliable?" and "does the reliability matter?" Even if we only ask the second question, it may be 
interpreted as asking about the first question, but in a way that avoids the need (or possibility) or anyone saying 
"the technology is unreliable". It is true that this survey isn't about the technology, it's about the organization. 
But the wording doesn't make that clear. This then may be further entangled by the use of pathways. The 
‘pathway’ to use is 'reliable technology', while the barrier is 'unreliable technology'. But the two effects are 
different. We might not be any more or less likely to use technology simply because it's reliable, but you may 
be much less likely to use a technology if it's unreliable. For example, we could fly Air Canada or Westjet. If 
they're reliable, then it doesn't matter which airline we choose, but if one of them is unreliable, it makes a big 
difference.   

This has the potential to be a serious issue. The barrier-pathway relationship is not symmetrical. Converting 
barriers to pathways changes the results, and creates a risk that the questions will be incorrectly interpreted by 
respondent. Respondents should be provided with as much guidance as possible as to what counts and does 
not count as a barrier.  

Again, it is understood that the survey is being administered as a study of the organization, hence, barriers 
should reference properties of the organization as a whole, and not properties of (say) individuals in the 
organization, or factors outside the organization’s control. This can be a key point about the 'unit' under 
consideration. However, are the individual members within an organization not part of its culture, behaviour and 
functioning? Is this a forest/trees situation? 

It is arguably exactly a tree and forest situation, but where the methodology is asking each tree to pretend it's a 
forest. There are good reasons to doubt about this approach, but they may be elided by saying that we should 
clearly state what we're doing, and then readers who follow can draw their own conclusions about whether this 
is appropriate. It is beyond the scope of this study to say what that guidance should be, but the guidance 
should be clear, and it should be documented in the survey results, so people studying the survey can be clear 
about the scope. 

Survey Contents 

Study Social Perception 
Research into social factors influencing technology adoption and diffusion be conducted. The pilot study does 
not address social factors that may have an impact on technology adoption. For example, the following may be 
factors passed through social interaction: whether the technology thought to be ‘cool’ or whether users (like 
Google Glass users) find themselves the object of ridicule; whether users get the sense that ‘everyone is using 
it’ or whether they feel they are on their own; whether there are concerns about privacy or surveillance; whether 
the technology is fun. 

It may be argued that while this may be a valid critique, but these questions are really outside of the scope of 
the Barriers work, and fall more within the scope of TAM or UTAUT. After all, the starting place for the barriers 
study is that we can take a perfectly good technology, one that is otherwise acceptable, fun, and useful, then 
ask, “why does that tech fail in this ecosystem?”  The starting place for the two studies is fundamentally 
different. 
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In response, however, while the starting point may be different, social factors still exist within the organizational 
context (or it would be a very broad assumption to say that they don't). Either way, the exclusion of social 
factors as being beyond the scope of this study needs to be justified. It is very reasonable to suggest that social 
factors would be a significant (barrier or pathway), especially in an organization with such strong social 
pressures and cultures as a military organization. 

Either in conjunction with the current study, or as a separate study, it is recommended that research into social 
factors influencing adoption and diffusion be conducted. 

Validate Pathway Terminology 
A risk of the use of the pathway terminology is that it may make the questions more complex without adding 
meaning or scope to the responses. Moreover, it is not clear that people answering the survey would think in 
terms of ‘pathways’ to use, though conducting the surveys as in-person (or real-time online) focus groups 
would help. But it is possible that a more accessible terminology might make the survey it easier to apply. 

It is possible that describing technology barriers in terms of the pathways to resolution may either change the 
outcome of the survey from what it would have been employing a more standard construction, or change the 
perception of the survey from the perspective of those taking it. It may also be the case that the description of 
selected pathways may not actually resolve the barriers, or may not exhaust the possible resolutions of the 
barriers. It may also be the case that these changes may result in more accurate or more desirable outcomes. 
For these reasons it is recommended that the employment of pathway terminology in the survey be validated. 

Eliminate Double Negatives 
Survey options should not be expressed as double negatives. Specifically, the existing framing of questions 
creates double negatives, which should be avoided. A ‘barrier’ is a factor that may prevent adoption and 
diffusion. For example, the complexity of a technology is a barrier (call this ‘P’). A pathway is a route to 
addressing that barrier, for example, improving technology with user-centred design (call this ‘not P’). The 
survey question ‘T3’ states “The complexity of the technology does not impair its usability” (not P). Users 
answer the question “The worst (or any) barrier present on this pathway poses risk to implementation of the 
technology for learning” (not not P) on a scale from ‘Negligible’ (not not not P) to ‘Critical’ (not not P). 

It is preferable to state the question more clearly. Two possibilities exist, one that represents the barrier as a 
barrier and queries whether if is present, or one that adopts the ‘pathways’ method and asks whether or not the 
pathway is successful. For example: 

● The complexity of the technology selected is a barrier to adoption: (range: always - sometimes - never) 
● The technology selected is user-centered: (range: always - sometimes - never) 

Revise Complex Questions 
Complex questions should be revised. When the ‘pathways’ approach is employed, there is a risk of creating 
complex questions as a consequence of conflating agency for change with the change itself. For example, in 
questions E1 and E2, ‘organizational change’ is identified as the agent, and ‘accounting for roles’ and ‘reducing 
fear’ are the effects. The text of the question does not make clear whether the respondent should consider the 
impact of the change agent, or whether the effect actually happened, or both. In practice, complex questions 
like this in a survey context should be avoided. 

Ask About Evidence Rather than Objective Existence 
Respondents should be asked about evidence, not existence. There are cases where the respondent is asked 
whether something exists. For example, in E5, the question should ask whether the respondent has evidence 
of assessment, rather than about the objective existence of assessment, because the respondent may not be 
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in a position to answer the latter question. Similar considerations hold for questions about whether there are 
legal issues or whether trainers have certain specific knowledge. Fixing the survey construct to a single domain 
is essential to maintain internal consistency. 

When respondents are asked about questions to which they do not know the answer, they may fail to respond, 
they may guess, or they may try to anticipate what answer the questioner is expecting, and provide that. Posing 
the question in the context of a focus group or group discussion, as described elsewhere, may help with this, 
but it may also result in the group conclusion, without foundation, that one thing or another is the case, and 
reporting it as such. 

The presentation of the question in conjunction with a request for examples also may help with this, but it is 
important to ensure that the posing of the question is consistent with the examples. For example, in E5, the 
question posits, “the technology has been carefully assessed”, and the examples ask the respondent to 
“identify up to three examples of barriers that you observed,” that is, cases where the technology has not been 
assessed. A lack of examples does not entail the objective existence of the assessment. 

Specify Which Technology is Being Discussed 
Questions should reflect what technology is being discussed, even if it is clear through context to the 
respondents. In most cases of the application of this survey it is known what training technology is under 
discussion. This, for example, is the case with LVCTS.  

In some instances, however, the term ‘technology’ is employed in such a way as to create ambiguity between 
whether it is discussing the specific technology, or whether it is discussing technology in general. This is 
especially the case where the question does not concern the technology directly, as for example in the section 
on training support. 

Questions should be posed in such a way as to ensure there is no ambiguity about which technology is being 
discussed. While the technology being discussed may be clear in the focus group, this information could be in 
the distribution of a survey, or in subsequent analyses of survey results. Hence the technology discussed 
should be inserted into survey text) 

Specify Which Barrier if Being Discussed 
Clearly instruct respondents how to select which barrier to address. It is not clear whether the respondent is 
intended to select ‘the worst’ (however evaluated) barrier or ‘any’ barrier, leaving it unclear which barrier they 
have selected and whether it is the worst. It is recommended to have participants identify one barrier as ‘the 
worst’ (perhaps with an explanation), and to refer to that barrier specifically when asking about impact and 
presence. 

A suggested wording follows: 

1. “Identify whether or not in your role, you saw examples of a pathway or barrier at the observed 
organizational level during the specified exposure.” 

2. “Considering the instance of the worst barrier, rate the degree to which the barrier was absent or 
present.” 

3. “Then, estimate, in your opinion, how that barrier would impact the successful use of the technology.” 

Concluding Remarks 
The survey evaluated in this report is being used to identify factors that may be acting as barriers to the 
implementation and use of learning technologies in training.  



 

 

 

Analysis of Barriers to Technology Adoption  PAGE 26  
 

There is a broad literature concerning technology adoption, and this literature must be considered in any 
assessment of this sort. This research considers the impact of a wide range of factors, and not just the 
technology itself and attitudes regarding it. The study authors draw on an approach proposed by Reid (2014) 
that stresses the importance of the ecosystem or environment of the organization. 

The survey consists of an extensive set of questions covering the categories described by Reid, intended to be 
employed in the context of a focus group. An analysis of the survey finds broad adherence to the research 
results found in the literature. Factors identified in both technology acceptance models and in Reid’s extension 
are taken into account. In particular, the design of the study takes into account individual roles and perceptions 
of the various factors, providing more specific insights a more general study would likely miss. The study also 
represents barriers in the form of ‘pathways’ and can also be seen as representing them as ‘risks’. 

This review is the first part of a validation process, necessary in order to ensure that the survey measures what 
it is intended to measure, and does so reliably. It would be useful to extend validation using additional 
measures as well. Certainly, the survey should continue to be administered as a focus group. Because of the 
modifications undertaken in order to obtain better results, it is necessary to be clear about what is being asked 
and who is being asked, and the terminology employed in representing barriers as pathways can sometimes be 
confusing. With the need for such clarity fully articulated, the survey can be used to obtain precise and useful 
data regarding the adoption of learning technology in a specific organizational context. 
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