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Abstract 
Exercise interventions hold promise for preventing and treating numerous conditions, 
diseases, and injuries. However, these interventions will only be effective if they are 
being used. Unfortunately, uptake and adherence to prescribed exercise and physical 
activity guidelines are insufficient. Some reasons for this include lack of knowledge, 
resources, flexibility, and enjoyment. Exercise program developers need to not only 
consider the effectiveness of the program during the development phase, but also involve 
end-users and receive feedback on program usability to determine likelihood of uptake 
and adoption. Usability testing can be used to detect barriers to use and implementation 
likelihood but has not yet been utilized within the domain of exercise-based 
interventions. The goal of this research was to better characterize and quantify exercise 
program usability to promote the design of more usable exercise programs. In the first 
study, a modified usability scale was used to assess and identify important program 
characteristics and their relationship to female handball players’ intention to use a newly 
developed anterior cruciate ligament (ACL) injury prevention program (IPP). Study 2 
involved a mixed methods approach to gain deeper insight into factors affecting use of an 
IPP and the relationship between perceived program characteristics and effectiveness of 
the program utilizing interviews with coaches and players, and surveys. From study 1 and 
2, results indicated that perceived effectiveness, enjoyability, efficiency and flexibility 
affected players’ and coaches’ intention and willingness to continue using the IPP. 
Building on these findings, the Intervention Usability Scale for Exercise (IUSE) was 
developed and validated in study 3. Exercise intervention stakeholders and target users of 
an exercise program contributed to item generation and content validation. Subsequently, 
a large sample of target users used the full scale to assess the usability of an exercise 
program. Following an extensive data analysis process, the 8-item IUSE indicated good 
psychometrics properties. Collectively, this research sought to improve exercise program 
usability by developing a tool exercise intervention developers can utilize as part of their 
program development and assessment process. Future studies should evaluate the 
predictive utility of the scale on actual uptake and adherence to an exercise intervention. 
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1 Introduction 
1.2 Importance of Exercise 
Exercise interventions have been proven to prevent and treat numerous injuries and 
illnesses and improve quality of life (Pedersen & Saltin, 2015; World Health 
Organization, 2022). This includes prevention and management of diseases such as 
cancer, diabetes, cardiovascular diseases, Parkinson’s disease, multiple sclerosis, obesity, 
chronic obstructive pulmonary disease, osteoarthritis, chronic back pain, muscle strains, 
and several others (Arnason et al., 2008; Pedersen & Saltin, 2015). Physical activity also 
improves brain health, including enhanced thinking and learning and judgment skills 
(World Health Organization, 2022). The World Health Organization also reports that 
insufficient physical activity levels increase risk of death by 20-30% compared to 
recommended activity levels.  

1.3 Adherence to Prescribed Exercise 
The recommended guidelines for physical activity are considered “prescribed exercise” 
that apply to the whole world's population. The WHO and the CDC state that about 1 in 4 
Americans meet the recommended guidelines for physical activity. Globally, even fewer 
adolescents are sufficiently active (< 20%) (World Health Organization, 2022). This is an 
increasing trend and a country’s level of inactivity tends to correspond with high or rising 
gross national product. The Physical Activity Guidelines for American adults aged 18-64 
is defined as performing 150-300 minutes of moderate-intensity or 75-150 minutes of 
vigorous-intensity aerobic physical activity a week, or an equivalent combination, and 
muscle-strengthening activities at least two days per week (U.S. Department of Health 
and Human Services, 2018). The strength training component seems to be less adhered to 
compared to the aerobic component. Among all American adults (18+), 22.7% met only 
the guidelines for aerobic activity and 6.8% met only the guidelines for muscle-
strengthening activity. Only 30.2% of adults in America meet the recommended two 
times per week of muscle-strengthening activities (Bennie et al., 2018), compared to 
46.9% meeting the guidelines for aerobic activity. There is a need to increase adherence 
to prescribed/recommended exercise interventions to improve health and prevent injuries 
and diseases. Targeting the development design and usability assessment of exercise 
interventions might be one way to increase adherence.  

1.4 Usability of Exercise Interventions  
To increase and predict use of exercise programs, usability assessment can be conducted 
to identify the program’s effectiveness, efficiency and user satisfaction (International 
Organization of Standardization, 2018). There are currently no studies on usability testing 
of exercise programs when performing literature searches, beyond assessing the use of 
some kind of technical device used in the exercise intervention and not the 
program/intervention itself. For example, Batsis et al. (2019) performed a usability 
assessment of a Bluetooth-enabled resistance exercise band in a population of older 
adults with obesity. Other examples are studies that have assessed the usability of 
different tablet, mobile and computer-tailored exercise interventions (Evans et al., 2021; 
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Hawley-Hague et al., 2020; Mehra et al., 2019).  However, there are no known studies 
that have assessed the usability of the specific program characteristics (e.g., the order and 
choice of exercises, variation, difficulty).   

Previous research focusing on exercise interventions and increasing adherence of 
evidence-based interventions has been conducted. Typically, these studies focus on 
identifying barriers and facilitators, implementation strategies and feasibility studies 
(Ageberg et al., 2019; Donaldson et al., 2019; Heywood et al., 2017; Joy et al., 2013; 
Richmond et al., 2020). These concepts seem to have a strong connection with usability 
based on their definitions, methodologies, and overall goal/purpose. Usability testing 
typically focuses on identifying barriers to use throughout the development process. In 
contrast, implementation science typically focuses on the implementation process of an 
intervention that has already been designed, developed, and tested in a controlled 
research setting. Feasibility, Appropriateness and Acceptability are three outcome 
measures in implementation science (Weiner et al., 2017). The Feasibility Intervention 
Measure, which assesses perceived ease of use (e.g. “This EBP seems easy to use”) has 
been suggested as a direct measure of adherence and/or completion (Heywood et al., 
2017; Weiner et al., 2017).  

Evidence-based exercise interventions are typically static tools that should be used 
exactly as prescribed by the researchers that have documented the desired effect of the 
program (e.g., injury prevention/rehabilitation, weight loss, hypertension). We can only 
assume that the program will have similar effects if being slightly modified, as the 
modified version has not had its effectiveness documented. The purpose and documented 
effect of the program are naturally what drives people to use it. However, assessing and 
documenting the effect of a new intervention is a time-consuming and intricate process 
and can take months to years to document. Furthermore, the translation from research to 
practical implementation can take up to 17 years (Arundale et al., 2022; Green et al., 
2009; Morris et al., 2011; Rubin, 2023; Trochim, 2010). 

Lyon & Koerner (2016) have proposed a user-centered approach to the design, 
development, and implementation process of health-related interventions with the goal of 
addressing existing divisions between intervention design and intervention 
implementation processes, and to target the key design issues in evidence-based 
interventions, such as flexibility, complexity, and effectiveness. Within injury prevention 
in sports, where adherence to evidence-based prevention programs are typically low, 
Petushek & Donaldson (2020) has proposed the use of human factors methods, such as 
usability testing, to help develop checklists for what the program need to include and 
focusing on a user-centered approach when designing exercise programs. This approach 
might help shorten the lag between research and implementation. 

1.5 Dissertation Overview 
An overview of this dissertation is presented in Figure 1.1. Funding and support for this 
research was provided by a graduate student finishing fellowship and the Health Research 
Institute of Michigan Technological University. 

https://www.zotero.org/google-docs/?XU359M
https://www.zotero.org/google-docs/?MiCDhX
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Figure 1.1. Overview of dissertation 

The following sections are written up for a submission to the BJSM PhD Academy 
Award. 

1.5.1 What did I do? 
A literature review and three consecutive studies were developed to offer insights into 
usability testing and construct clarity within the realm of exercise interventions. The 
overarching goal was to accurately characterize and quantify the multidimensional 
concept of exercise program usability, laying a robust foundation for measurement and 
subsequent improvement. Through the development and rigorous psychometric 
assessment of the Intervention Usability Scale for Exercise (IUSE), subconstructs 
contributing to intervention usability and their impact on the intention to use an exercise 
intervention were proposed.  

1.5.2 Why did I do it? 
Adherence to prescribed exercise interventions are typically low (World Health 
Organization, 2022), and some proposed barriers for use involve program design issues, 
lack of enjoyment, knowledge gaps, and resource constraints (Collado-Mateo et al., 2021; 
Donaldson et al., 2019; Minnig et al., 2022). Drawing inspiration from successful 
methodologies in product development, particularly in technological domains, this study 
explored the potential of usability testing as a tool for enhancing exercise intervention 
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efficacy. However, first, a foundational understanding of the concept of “exercise 
intervention usability” was deemed necessary. For instance, it was unclear what factors 
seem to determine exercise usability and further affect uptake of and adherence to 
exercise interventions.  

1.5.3 How did I do it? 
A critical literature review on usability and its application in exercise medicine laid the 
groundwork. This review justified further investigations, encompassing quantitative, 
qualitative, and psychometric research methodologies. The purpose of the first two 
studies was to explore the use of usability testing during the assessment of a newly 
developed anterior cruciate ligament (ACL) injury prevention program (IPP). Data on 
factors influence program effectiveness (e.g. reduction in knee abduction moment) and 
players’ and coaches’ intention to use the program were collected through surveys, 
employing a modified usability scale, and through interviews. These insights guided the 
development of a usability scale for exercise interventions. The scale development and 
validation study included a content validation phase with exercise intervention developers 
and stakeholders (e.g., strength and conditioning coaches, physical therapists, athletic 
trainers) and target users of an exercise program. The long version scale derived from the 
content validation phase was tested for assessing a strength training program based on 
recommendations for weekly physical activity by 526 users from the general population 
(U.S. Department of Health and Human Services, 2018). Following COSMIN guidelines, 
Standards for Educational and Psychological testing, and modern psychometric 
techniques like item response theory, the efficient 8-item IUSE scale was developed and 
the Initial validity evidence established (American Educational Research Association, 
2018; Mokkink, Terwee, Knol, et al., 2010).   

1.5.4 What did I find? 
The psychometric properties and construct clarity in scales identified through the 
literature review, and their appropriateness for assessing exercise intervention usability, 
were considered poor. The ACL IPP studies indicated that perceived effectiveness, 
enjoyability, efficiency, and flexibility affected players’ and coaches’ implementation 
likelihood post-intervention. The key factor for further use in this sample seemed to be 
perceived effectiveness of the program (e.g., injury risk reduction and/or enhanced 
performance), which at the time was unknown. Additionally, barriers such as the rigid 
design, time commitment, and need for equipment were identified. Through rigorous 
testing of the IUSE scale, three factors seem to make up the latent trait of usability: 
IUSEValue, IUSEEase, and IUSESocial. Notably, the IUSEValue subscale was most closely 
related to intention to use the program (r = 0.82 [95% CI 0.79, 0.85]). The 8-item IUSE 
demonstrated satisfactory psychometric properties. Figure 1.2 provides a summary of the 
collective findings. 
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Figure 1.2: Visual summary of collective findings 

1.5.5 What is the most important clinical impact/practical 
application? 

Collectively, research conducted for this PhD is a significant stride conceptualizing 
exercise intervention usability. All studies indicate that as long as users perceive the 
program as valuable to them (e.g., meet their needs, fulfill its purpose), they seem more 
inclined to use it. Similarly, results across these studies imply that ease of use is less 
important for intention to use. However, this factor seems to add important information to 
the concept of exercise intervention usability and might play a role for initial uptake. 
Additionally, a unique contribution of IUSE compared to similar scales is the inclusion of 
the socially oriented factor. As social support has been proposed as important for 
adherence to exercise interventions (Smith et al., 2023), this subscale might capture 
valuable information in specific populations. Of note, this research assessed intention to 
use and not actual use/behavior, and further research is needed to add predictive validity 
evidence to IUSE. Ultimately, the long-term aim is to furnish exercise intervention 
designers with an efficient tool for assessing and enhancing exercise program usability. 
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2  Usability Testing and its Application in Exercise 
Medicine: A Literature Review 

This review discusses critical issues within the domains of usability, user experience, and 
implementation science. It provides the rationale for developing a valid and reliable scale. 
Such a scale would assist program designers in creating exercise programs that the target 
population is more likely to implement and use. 

2.1 How to Measure Usability 
2.1.1 Usability and usability testing  
The International Organization of Standardization (ISO) defines usability as the “extent 
to which a system, product, or service can be used by specified users to achieve specified 
goals with effectiveness, efficiency, and satisfaction in a specified context of use” 
(International Organization of Standardization, 2018). Furthermore, ISO defines usability 
testing as an “evaluation that involves representative users performing specific tasks with 
the system to enable the measurement of efficiency, effectiveness, and/or user 
satisfaction.” This definition has been challenged and modified over the years but it is 
still the definition most frequently used, which includes more recent usability studies 
(Weichbroth, 2020). Based on these definitions, usability assessments should aim at 
capturing the system’s effectiveness, efficiency, and user satisfaction.  

Usability testing is important as part of the development process of new products and 
systems. Within technology-based products and systems, usability and perceived 
usefulness influence our acceptance of the new system and predicts actual use (Keenan et 
al., 2022). Usability testing helps system developers to uncover problems in the design, 
discover ways to improve the design, and learn about the specific users’ behaviors and 
preferences. Depending on the system and context in which it is used, some developers 
may emphasize effectiveness and speed-accuracy tradeoff (e.g. medical device), whereas 
others prioritize optimizing user satisfaction and enjoyability (e.g. video game).  

Although not included in the ISO 9241-11 definition of usability, accessibility is 
considered a part of the ISO standard titled “Usability of consumer products and products 
for public use,” and has been operationalized as “the extent to which a product can be 
used with effectiveness, efficiency, and satisfaction by people from a population with the 
widest range of characteristics and capabilities to achieve a specified goal in a specified 
context of use” (International Organization of Standardization, 2018). Like accessibility, 
the ISO 9241-11 also reports user experience as a concept or discipline related to 
usability. User experience is defined by the ISO as “a user’s perceptions and responses 
that result from the use and/or anticipated use of a system, product or service.”   

The concepts of both accessibility and user experience seems to be important to consider 
when assessing usability of a system. The ISO 9241‐11:2018 proposes that the concept of 
usability involves both the context of use and the outcomes of use. The context of use 
depends not only on the system, product, or service, but the specific users, environment, 
resources, and the specific goals and tasks. For the outcomes of use, they include the 



7 

three usability constructs and other outcomes, such as accessibility, user experience and 
avoidance of harm. 

2.1.2 Nomenclature of usability measures  
The nomenclature within research on usability scales and questionnaires can be 
confusing. Words such as constructs, components, concepts, criteria, metrics, attributes, 
aspects, factors, and features are used interchangeably to describe what is being assessed 
through a usability scale. A construct is defined by the American Psychological 
Association (2020) as “a complex idea or concept formed from a synthesis of simpler 
ideas.” Usability can be one construct, but usability can also involve assessment of other 
constructs (e.g., learnability, efficiency and enjoyability). These sub-constructs are 
sometimes also referred to as attributes or aspects and can be important for a more 
comprehensive and in-depth assessment of the higher-order construct of usability. In 
addition, a more in-depth assessment of usability may be informative for suggesting 
changes to the various modifiable features, such as efficiency and satisfaction. 

2.1.3 Usability models and metrics  
Many usability questionnaires and scales have been developed and researched. There is a 
large range of items and a large variety of sub-constructs defined in the different scales. 
There is very little consistency in use of constructs, and literature reviews of existing 
usability scales/questionnaires reveal that the usability criteria defined by the ISO are 
rarely the predefined constructs being assessed in usability questionnaires (Assila et al., 
2016; Madan & Kumar, 2012). This raises the question of whether the scales are not 
appropriate for usability testing or whether the definition of usability needs to be 
adjusted. The existence of a “usability construct” has been debated in previous research. 
Particularly, Tractinsky (2018) published a provocative article critiquing the use of 
umbrella concepts in the Human-Computer Interaction community, and particularly the 
usability construct. His argument has three main points: 1. Usability is an umbrella 
concept; 2. there is a mismatch between the construct of usability and how it is measured 
empirically; 3. the usability construct needs to be unbundled and replaced by more well-
defined constructs in order to progress scientifically. As a response to this article, Lewis 
(2018) wrote an editorial arguing for why the usability construct is “alive and well,” 
emphasizing evidence in structural analysis of both objective and subjective data from 
usability studies, indicating that there is a consistent underlying construct of usability.  

Madan & Kumar (2012) describes the evolution of usability concepts and evaluation 
models and how they all use different sub-attributes (hypothetical constructs) for 
describing the success of a system. All five models included have different combinations 
of sub-attributes. The Eason Model from 1984 has frequency, openness, knowledge, 
motivation, discretion, ease of learning, ease of use and task match as its sub-attributes. 
The Shackel Model (1991) uses effectiveness, learnability, flexibility, and attitude. The 
Nielsen Model (1993) uses learnability, efficiency, memorability, errors, and satisfaction. 
Finally, the ISO 9241-11 (1998) has the three attributes from their definition 
(effectiveness, efficiency, and satisfaction), whereas the newer ISO 9126 (2001) uses 
understandability, learnability, operability, attractiveness, and usability compliance. With 
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this review, Madan & Kumar (2012) states that they have determined the sub attributes 
that form the basis for the usability evaluation of a software system. In other words, they 
believe that there is more to a usability assessment than the three original constructs 
effectiveness, efficiency, and satisfaction. 

Weichbroth (2020) did a systematic literature review on the different usability 
definitions, attributes and measures used in usability testing of mobile applications. In 
total, 75 attributes were identified among 53 studies. The author found that the three most 
used attributes were efficiency (70%), satisfaction (66%) and effectiveness (58%). This 
aligns perfectly with the ISO (year) definition, which was also the definition used in 88 % 
of the studies included (n=66). Other commonly used attributes were learnability (45%), 
memorability (23%), cognitive load (19%) and errors (17%). For the studies included in 
the review, controlled observation and surveys were used to measure efficiency and 
effectiveness, and only surveys were used to measure satisfaction. Overall, 
survey/questionnaire was the most frequent method to assess usability of mobile 
applications. Weichbroth (2020) distinguishes between usability of the product and the 
performance of the user (e.g., attention, the ability to learn and memorize etc.). Two 
interesting remarks from this review were that 91% of the studies from their literature 
search were lacking a usability definition, and that combining both objective and 
subjective assessments produce an outcome which neither refers to the usability of the 
application nor the user experience (e.g. performance of the device vs performance of the 
user). The author states that this affects the validity of the results negatively due to an 
ignorance to methodological rigor.  

Wronikowska et al. (2021) published a systematic review of the usability metrics and 
methods used in the assessment of electronic health record systems. They found 11 
different usability methods among the 51 studies included, and 78% (n=38) of the studies 
used questionnaires/scales in their evaluation. Out of the 38 studies using 
questionnaires/scales, the System Usability Scale (SUS), NASA Task Load Index, Post-
Study System Usability Questionnaire, and the User Interaction Satisfaction 
Questionnaire were the most frequently used questionnaires (42%, 16%, 13%, and 11%, 
respectively). Components or metrics they included were satisfaction, efficiency, 
effectiveness, learnability, memorability, and error components. These metrics 
correspond to the Nielsen Model and ISO 9241-11 presented above. Satisfaction was 
most frequently measured in the 38 studies (75%), followed by efficiency (63%), 
effectiveness (61%), errors (31%), learnability (24%), and memorability (2%). In 
addition, they identified and reported a new metric, usefulness, that was found in 39% of 
the studies. However, when only considering usability metrics within studies using 
questionnaires, effectiveness and efficiency were only measured in two of the studies, 
whereas satisfaction, learnability and usefulness were used in 31, 10 and 11 studies, 
respectively. The effectiveness and efficiency metric were typically measured objectively 
(e.g., time to complete task, number of successfully completed tasks). If these metrics are 
to be included in a scale/questionnaire, different measures must be created (e.g. perceived 
or self-report measures).  
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Assila et al. (2016) did an extensive review of 24 standardized usability questionnaires. 
Detailed information and full name of the questionnaires discussed below are presented 
in Table 2.1. Seventeen of them have been used in several kinds of software applications, 
whereas the others have more specific applicability (e.g., mobile applications and 
websites). Within the more universal questionnaires, system usefulness, usability, overall 
ease of task, completion and “overall system” are the most frequent criteria (sub 
attributes/constructs) considered by the questionnaires. The Usability Metric for User 
Experience (UMUX) is the only questionnaire from the review that explicitly reports to 
measure the three usability characteristics that define usability (effectiveness, efficiency, 
and satisfaction). However, when evaluating the meaning of each item in all of the 
universal questionnaires and their association to the three usability characteristics/criteria, 
the authors found that five other questionnaires capture the three characteristics as well 
(PSSUQ, CSUQ, T-CSUQ, SUMI and ASQ). For example, the item “I can effectively 
complete my work using this system” from the PSSUQ and CSUQ function as the 
effectiveness criteria; “This software responds too slowly to inputs” from the SUMI 
functions as the efficiency criteria; and “Overall, I am satisfied with the ease of 
completing the task in this scenario” from the ASQ functions as the satisfaction criteria. 
However, these questionnaires also entail usability criteria such as guidance, 
comprehensibility, consistency, and workload.  

Hodrien et al. (2021) recently published a review of subjective questionnaires to guide 
assessment of system usability. Similarly to Assila et al. (2016), the authors reported 
whether the three usability characteristics from the ISO definition were measured in the 
different questionnaires even though they were not specifically reported as or validated as 
constructs. In addition, they included learnability as a fourth common characteristic of 
usability. Seven additional questionnaires were reported to measure both effectiveness, 
efficiency, and satisfaction: AttrakDiff2, meCUE, QUIS, TAM, UEQ, USE and EUCS. 
However, the QUIS, TAM and USE questionnaires were reported to lack one of the 
characteristics according to the review by Assila et al. (2016).  

The SUS is a generic and widely used usability scale consisting of 10 items (Brooke, 
2013). It has previously been proposed that the SUS had a 2-dimensional factor structure 
assessing Learnability and Usability (Sauro & Lewis, 2009). However, this finding has 
never been replicated and the authors later published an article suggesting it likely is a 
unidimensional scale assessing perceived usability (Lewis & Sauro, 2017). The Usability 
Metric for User Experience (UMUX) consists of 4 items that are responded to through a 
7-point Likert scale. Through the development of the UMUX, the goal of Finstad (2010) 
was to address the issues identified with using the system usability scale (SUS): it does 
not map onto the concepts that comprise usability according to ISO standards, and it is 
not considered a diagnostic tool. The four items included are 1) [This system’s] 
capabilities meet my requirements (Effectiveness), 2) Using [this system] is a frustrating 
experience (Satisfaction), 3) [This system] is easy to use (Overall), and 4) I have to spend 
too much time correcting things with [this system’s] (Efficiency). Although including 
items of three different concepts, principal components analysis revealed a 
unidimensional scale (eigenvalue 3.37, 84.37% of variance explained). The correlation 
between the SUS and UMUX was r = 0.96, which is above the 0.8 criterion for providing 
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evidence of validity. The scale was also sensitive in detecting differences in usability 
between two different systems rated as having poor and good usability using the SUS.  

2.1.4 Correlations between usability characteristics  
The relationship between effectiveness, efficiency and satisfaction has been debated in 
previous literature with mixed results. Hornbæk & Law (2007) published a meta-analysis 
on the correlations among usability measures looking at raw data from 73 studies on 
usability.  As a result of their study, they raise an important question about the lack of 
predictive theories about the relations between usability aspects. In their meta-analysis 
they found that correlations between the three usability measures classified by the ISO 
are medium to low (r = 0.16-0.25). Similarly, Frøkjær et al. (2000) implied that 
effectiveness, efficiency, and satisfaction should be measured independently, and one 
should not expect correlations between them. They found no correlations between the 
variables (r = 0-0.05). However, their findings were different to a study by Sauro & 
Kindlund (2005) that found correlations between r = 0.3-0.5 and thus proposed using a 
single score for usability. Hornbæk & Law (2007), on the other hand, warranted the 
aggregation of the three metrics into one usability score given the weak correlations they 
found. Sauro & Lewis (2009) extended the work of Hornbæk & Law (2007) by using 
data from actual usability tests (in contrast to including studies that are not traditional 
scenario-based usability tests). In their study, they use time, errors, completion, task-level 
satisfaction and test level satisfaction as variables, whereas Hornbæk & Law (2007) used 
time-on-task, binary completion rates, error rates and user satisfaction. These variables 
are all supposed to represent the three usability measures from the ISO classification. 
Sauro & Lewis (2009) found high correlations between time and error, task satisfaction 
and test satisfaction (r > 0.6). In addition, completion and error, completion and 
satisfaction, completion and time, time and satisfaction, and error and satisfaction were 
all around r = 0.5. Based on this, they suggest that effectiveness and satisfaction have a 
correlation of r = 0.35, effectiveness and efficiency have a correlation of r = 0.53, and 
efficiency and satisfaction have a correlation of r = 0.37.  

If effectiveness and efficiency are to be measured through usability scales and 
questionnaires, this can be done through subjectively reporting how efficient they find the 
system and how well they think it works. However, this might result in higher 
correlations between the usability metrics. For example, if a system is perceived as 
inefficient, it is very likely that the user will not find it very enjoyable/satisfactory to use 
the system. Similarly, if the user thinks the system works as intended and for its purpose, 
their satisfaction score will likely be remarkably higher than if they think the system is 
not doing what it should.  

2.2 Usability Scales and Questionnaires and Their 
Applicability to Exercise Interventions 

The table below (Table 2.1) displays different usability scales/questionnaires that were 
identified through the literature review on usability. The table is based on the ABC of test 
construction from Ziegler (2014) which aims to answer three questions; A) What is the 
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construct being measured?, B) What are the intended uses of the measure?, and C) What 
is the targeted population?. For scales that have items relevant for usability testing of 
exercise programs, their psychometric properties and validity evidence are displayed in 
Table 2.2. 

Table 2.1 Usability Scales and Questionnaires  
Scale Construct 

Measured 
Intended Use of 
Measure 

Target 
population 

Items Applicable 
to Exercise 
Interventions 

System Usability 
Scale (SUS) 

Usability 
(Learnability) 

Wide variety of 
systems and 
products 

Users of 
system 

 
Yes 

Intervention 
Usability Scale 
(IUS) 

Usability 
Learnability 

Wide variety of 
interventions 

Health care 
professionals 
Users of 
intervention 

 
Yes 

Questionnaire for 
User Interface 
Satisfaction (QUIS) 

Not specified Human Computer 
Interaction 
Products and 
computer 
software 

Users of 
computer 
systems 

 
No 

Software Usability 
Measurement 
Inventory (SUMI) 

Learnability 
Efficiency 
Affect 
Helpfulness 
Control 

Software 
applications 

Software users  
No 

Computer System 
Usability 
Questionnaire 
(CSUQ) 

System Usefulness 
Information 
Quality  
Interface Quality 
Overall 
Satisfaction  

Computer 
systems 

Users of 
computer 
systems 

 
No 

After-Scenario 
Questionnaire 
(ASQ) 

Not reported Scenario-based 
usability studies 

Users of the 
system 

 
Yes 

The Usefulness, 
Satisfaction, and 
Ease of Use 
Questionnaire 
(USE) 

4 factors, poor 
model fit 

Wide variety of 
technology-based 
systems and 
products 

Users of 
system 

 
Most items 

The Usability 
Metric of User 
Experience 
(UMUX) 

Perceived Usability User experience Users of 
system 

 
No 
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UMUX-LITE Perceived Usability User experience Users of 
system 

No 

Purdue Usability 
Testing 
Questionnaire 
(PUTQ) 

Compatibility 
Consistency 
Flexibility 
Learnability 
Minimal action 
Minimal memory 
load 
Perceptual 
limitation 
User guidance 

Human-computer 
interactions 

Users of 
system 

No 

End User 
Computing 
Satisfaction 
(EUCS) 

Content 
Accuracy 
Format 
Ease of use 
Timeliness 

End-user 
computing 

Users of 
system 

No 

Post-Study System 
Usability 
Questionnaire 
(PSSUQ) 

System Usefulness 
Information Quality 
Interface Quality 
Overall Satisfaction 

Computer 
systems 

Users of 
computer 
systems 

No 

DEsign-oriented 
Evaluation of 
Perceived usability 
(DEEP) 

Content 
Structure and 
information 
architecture  
Navigation 
Layout consistency 
Visual guidance 

Design aspects of 
web-based 
systems 

Users of web-
based system 

 
No 

Usability Magnitude 
Estimation (UME) 

Usability 
(one question) 

Software and 
information 
systems 

Users of 
system 

Yes 

Technology 
Acceptance Model 
(TAM) 

Perceived 
usefulness 
Perceived ease of 
use 

Intended use of 
Information 
Technology 

Users of 
system 

No 

Subjective Mental 
Effort Questionnaire 
(SMEQ) 

Mental Effort  
(one question) 

Software and 
information 
systems 

Users of 
system 

Yes 

SEQ Difficulty  
(one question) 

Wide variety of 
technology-based 
systems and 
products 

Users of 
system 

Yes 
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Modular Evaluation 
of Key Components 
of User Experience 
(meCUE) 

Usefulness 
Usability 
Visual aesthetics 
Status 
Commitment 
Positive emotions 
Negative emotions 
Intention to Use 

Technical devices Users of 
system 

Most items 

AttrakDiff2 Pragmatic Quality 
Perception 
Hedonic Quality 
Perception 

Interactive 
products 

Users of 
interactive 
product 

No 

User Experience 
Questionnaire 
(UEQ) 

Attractiveness 
Perspicuity 
Efficiency 
Dependability 
Stimulation 
Novelty 

Interactive 
products 

Users of 
interactive 
product 

Yes 
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As outlined in Table 2.1. and 2.2, several usability scales exist and many of them include 
items that may be appropriate for an exercise intervention usability scale. However, 
psychometric properties are often not reported or seem insufficient. Future research is 
needed to determine reliability and validity of most scales in order to gain confidence that 
the scales measure what they are intended to. 

2.3 Psychometric Properties in Scale Measurement 
The foundation of scale development is assessing and revealing its psychometric 
properties (e.g., reliability and validity evidence). The American Psychological 
Association defines psychometrics as “the branch of psychology concerned with the 
quantification and measurement of mental attributes, behavior, performance, and the like, 
as well as with the design, analysis, and improvement of the tests, questionnaires, and 
other instruments used in such measurement”. Many scales and questionnaires for 
usability assessments are available for use in clinical, industry, educational and research 
settings. However, literature warns that many of them do not have adequate validity 
evidence and should be used and interpreted with caution until their psychometric 
properties have been better evaluated (Salmond, 2008; Souza et al., 2017).  

There are typically three phases of scale development (See Figure 2.1): 1) Identifying the 
domain and generating domain-relevant items, 2) Performing item reduction (e.g. Item 
Response Theory), assessing the reliability and dimensionality (internal structure) of the 
scale and items, and 3) adding validity evidence to the scale (e.g., 
convergent/discriminant and criterion validity) (Boateng et al., 2018). They each have 
several steps and analyses to be conducted to ensure adequate validity evidence which 
will be talked about more during our two proposed studies on exercise intervention 
usability scale development. The psychometric properties in scale development are 
further discussed below. 

 

Figure 2.1. The scale development process 
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Several articles have been published discussing how to develop rigorous measurements 
(e.g. a scale), providing guidelines for item construction and selection, sample and 
sample sizes, and testing for validity and reliability (Boateng et al., 2018; Clark & 
Watson, 2019; Messick, 1995; Mokkink, Terwee, Knol, et al., 2010). Although some 
research reports reliability and validity as two single measures, that is not the case. 
Within test development and use in education and psychology, validity is defined as the 
degree to which evidence and theory support the interpretations of test scores for 
proposed uses of tests (American Educational Research Association, 2018). Validity is a 
unitary concept, meaning that although different sources of evidence may illuminate 
different aspects of validity, they are not representing distinct types of validity.  

Adequate validity evidence and reliability provide confidence about the quality and 
accuracy of the results of the scale. Both the COSMIN (COnsensus-based Standards for 
the selection of health Measurement INstruments) taxonomy of measurement properties 
(Mokkink, Terwee, Patrick, et al., 2010) and the Standards for Educational and 
Psychological Testing (2014 edition) was made to provide guidelines for assessing the 
validity of interpretations of test scores for the intended test uses. The COSMIN 
guidelines describe seven measurement properties: internal consistency, reliability, 
measurement error, content validity, construct validity, criterion validity and 
responsiveness. On the other hand, the Standards describe five sources of validity 
evidence: 1) evidence based on test content, 2) evidence based on response processes, 3) 
evidence based on internal structure, 4) evidence based on relations to other variables, 
and 5) evidence for validity and consequences of testing. The COSMIN and the 
Standards are largely covering the same measurement properties. Responsiveness and 
cross-cultural validity will not be part of the initial scale development phases but will be 
important to assess at a later stage. Table 2.3 below describes the first four sources of 
validity evidence from the Standards that are relevant for scale development and how 
they can be tested statistically.  

Table 2.3 Sources of Validity Evidence 
Sources of 
Validity 
Evidence 

What is it? Related Terms Used in 
Other Scientific 
Domains 
Definition 

Appropriate 
statistical tests 

Evidence 
Based on 
Test 
Content 

The relationship between the content 
of a test and the construct it is 
intended to measure 

Content Validity 
The extent to which a test 
measures a 
representative sample of 
the subject matter or 
behavior under 
investigation. 

Logical or 
empirical analysis 
of adequacy  
Expert judgment  
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(American Psychological 
Association, 2020) 

Evidence 
Based on 
Response 
Processes 

The thought processes of users of the 
tested inventory as they respond to 
the questionnaire. This 
typically involves clarity of 
instructions and language used in the 
assessment tool, as well as the 
comprehension of instruction. 

Face Validity 
An informal review of a 
questionnaire by non-
experts, assessing its 
clarity, 
comprehensibility, and 
appropriateness for the 
target-group   (Tanner, 
2018) 

Analyses of 
individual 
responses (e.g. 
concurrent verbal 
protocol or think 
aloud) 

Evidence 
Based on 
Internal 
Structure 

The degree to which the relationships 
among test items and test 
components conform to the construct 
on which the proposed test score 
interpretations are based. 

Structural Validity 
The degree to which 
scores of a scale are an 
adequate indication of the 
dimensionality of the 
construct, attribute or 
factor being measured 
(Mokkink et al., 2010) 

Factorial analysis 
Structural equation 
modeling 
Omega/Bifactor 
models 

Evidence 
Based on 
Relations 
to Other 
Variables 

The degree to which these 
relationships are consistent with the 
construct underlying the proposed 
test score interpretations. Includes 
discriminant and convergent validity 
(relationship between test scores and 
measures intended to assess different 
and/or similar constructs), test-
criterion relationship (e.g. how 
accurately do test scores predict 
criterion performance), and 
generalizability validity (e.g. the 
degree to which validity evidence 
based on test-criterion relations can 
be generalized to a new situation 
without further study of validity in 
that new situation). 

Criterion Validity 
Evaluating the validity of 
a measure based on its 
relationship to a specific 
criterion. 
Convergent Validity 
The extent to which test 
scores or responses 
demonstrate a strong 
relationship with scores 
or responses on 
conceptually similar tests. 
Discriminant Validity 
A form of construct 
validity that defines how 
well the test or measure 
does not correlate with 
unrelated constructs. 
Predictive Validity 
The degree to which a 
test score predicts future 
behavior or performance 
on an accepted criterion 
measure. 
(American Psychological 
Association, 2020) 

Correlation  
Regression 
Structural Equation 
Modeling  

 

https://www.zotero.org/google-docs/?j2ZVl1
https://www.zotero.org/google-docs/?j2ZVl1
https://www.zotero.org/google-docs/?6sMzpm
https://www.zotero.org/google-docs/?3FWdMR
https://www.zotero.org/google-docs/?3FWdMR
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2.4 Concepts and Theories Related to Usability 
2.4.1 Usability versus implementation science  
The goal of developing new systems, products and tools is usually to make something 
people want to use and implement. Within technology-based systems, there has been an 
increased focus on usability testing as part of the design and development process to 
assess the extent to which the system can be used by the specific users to accomplish 
their goals effectively, efficiently and satisfactory (International Organization of 
Standardization, 2018). Similarly, implementation science is a relatively new field with 
the goal involving methods to promote the systematic uptake of research findings and 
evidence-based practices (Bauer et al., 2015). Usability science and implementation 
science do therefore seem to be related disciplines. Both usability and implementation 
science are concerned with factors that affect adoption, acceptance, and sustained use of a 
“system”.   

Previous research does distinguish between the two disciplines. Although they may share 
a common goal or desired outcome, they might play important roles during different 
phases of system development and use. Usability testing can be part of all the different 
steps of system development, whereas implementation science typically focuses on ways 
to implement the already developed system (Bauer et al., 2015). Usability testing focuses 
on the system or product itself, whereas implementation science focuses more on the 
strategies to have the system being used after the system is developed. As part of the 
implementation phase, factors that do not necessarily seem like obvious barriers during 
usability testing might be identified, such as resources, personnel, and accessibility.  

Within implementation research, systems, products and tools are typically swapped with 
terms like interventions, evidence-based treatments/practices or “the thing”. Lyon & 
Koerner (2016) describes how interventions are typically developed and tested before 
being disseminated more widely as a static intervention protocol. This disconnect 
between the intervention design context and intervention implementation context often 
leads to designs that are not applicable or appropriate in real-world contexts. To mitigate 
the risk of developing interventions that are not appropriate, feasible or accepted by the 
target population, Lyon & Koerner (2016) suggests that a user-centered approach to a 
greater extent becomes part of intervention development. Usability is the principal 
outcome of user-centered design, and usability assessment is typically an integral part of 
the user-centered design process. There is a need for more research on the connections 
between the aspects of intervention design (e.g. usability) and identified implementation 
outcomes. 

2.4.2 Usability versus user experience versus accessibility  
According to the ISO 9241 – 210 definition, user experience is “a person's perceptions 
and responses that result from the use and/or anticipated use of a product, system or 
service.” (International Organization of Standardization, 2018) This indicates that user 
experience involves user satisfaction, perceived efficiency, and perceived effectiveness, 
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which are all characteristics included in the definition of the “classic” usability term. User 
experience has been considered an extension of classical usability, and focuses more 
extensively on emotional outcomes such as trust, satisfaction and perceived beauty 
(Lewis & Sauro, 2021). As with the definition of usability, the definition of user 
experience has been debated. There have particularly been three main types of user 
experience definitions; 1) the holistic view that refers to all actions, sensations, 
considerations, feelings and sense making of a person that interacts with the 
system/product, 2) the extension of usability, where affect and emotions (hedonic 
usability) are added in addition to effectiveness, efficiency and satisfaction (pragmatic 
usability), and 3) the primary focus on the emotion aspect. The first type of definitions is 
considered relatively broad, whereas the third type is more narrow. 

There seems to have been a growing interest in the concept of user experience rather than 
usability the past two decades. For example, the Usability Professionals Association 
changed its name to the User Experience Professionals Association in 2012. Similarly, 
the Journal of Usability Studies changed its name to the Journal of User Experience in 
2022. Before the 2000’s, product/system developers primarily focused on the more 
classical usability outcomes (e.g., successful task completion, perceived usability, and 
user satisfaction), however, in the early 2000’s, Marc Hassenzahl and colleagues started 
to publish research where they made a distinction between classical usability (pragmatic 
usability) and hedonic usability, where hedonic usability to a greater extent focused on 
the products’ appealingness and attractiveness. Another description of hedonic versus 
pragmatic is the focus on “be-goals” versus “do-goals", respectively (Hassenzahl, 2007). 
Hassenzahl argued that the classic definition of usability neglected the contribution of fun 
and enjoyment. He believes that user experience differs fundamentally from usability in 
three ways: 1) its emphasis on positive aspects of the user-product relationship, 2) its 
emphasis on the understanding and management of the subjective side of product use as 
opposed to objective performance criteria, and 3) its incorporation of hedonic aspects 
(Hassenzahl, 2007). Historically, usability was operationalized and measured primarily in 
terms of the user’s effectiveness and efficiency within industry work (Bevan et al., 2015). 
There has been a revision of the ISO 9241-11:1998 definition of usability in order to 
clarify the satisfaction component and address the importance of understanding the user 
experience (e.g., the user’s subjective reactions and emotional experience) (Bevan et al., 
2015). In the 1998 definition, satisfaction meant “freedom from discomfort, and positive 
attitudes towards the use of the product”. The new edition includes personal responses 
that have been highlighted in research on user experience: “the extent to which attitudes 
related to the use of a system, product or service and the emotional and physiological 
effects arising from use are positive or negative” (Bevan et al., 2015). The revised 
version also provides an explanation of the relationship usability has to related concepts 
such as user experience, accessibility and human-centered quality. User experience and 
the satisfaction component of usability seem to overlap to some extent. According to the 
ISO standards, satisfaction does not include anticipated use. However, they acknowledge 
that anticipated use can affect satisfaction of actual use.  
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The concepts and use of usability, user experience and accessibility has been debated 
because of their relatedness and overlap (Sauer et al., 2020). Accessibility is considered 
even broader than usability and user experience. It involves both the design of websites 
and consumer products, but also the design of buildings and transportation. Accessibility 
particularly emphasizes the consideration of different user groups in designing and 
testing of systems/products. ISO FDIS 9241-210 defines accessibility as “the usability of 
a product, service, environment or facility by people with the widest range of 
capabilities”.  

There are several different methods that can be used for assessing usability, user 
experience and accessibility. According to Sauer et al. (2020), accessibility is usually not 
assessed through user testing and user involvement to the same extent. Sauer et al. (2020) 
reports that lack of resources is the main reason why accessibility is not as frequently 
measured through user testing. For accessibility evaluation, expert-based approaches are 
used to develop checklists and algorithms for automatic checking of quantifiable 
parameters (Sauer et al., 2020). However, there are examples of successful studies 
assessing accessibility through user involvement, and Sauer et al. (2020) emphasizes the 
importance of user involvement for accessibility assessment.  

Methods used to measure usability and user experience involve heuristic evaluations, 
cognitive walkthrough, interviews and focus groups, think aloud and 
questionnaires/scales (Keenan et al., 2022; Wronikowska et al., 2021). These methods 
yield different information and have both advantages and disadvantages. The direct 
observation methods such as cognitive walkthrough, think aloud and interviews provide 
in-depth information about the user perceptions and can identify severe and specific 
problems. However, these are time-consuming and ideally involve human factors 
professionals conducting the evaluation. On the other hand, questionnaires and scales are 
cost-effective, easy to use and easily accessible. Scales have also been developed to 
assess feasibility, appropriateness, and acceptability in implementation science (Weiner 
et al., 2017). The downside of using questionnaires is that they provide less specific 
information about the usability issues.  

2.4.3 Usability and the Technology Acceptance Model  
The Technology Acceptance Model (TAM), proposed by Davis in 1989 (Davis, 1989), 
has been used to predict and explain usage of technology-based systems/products by 
assessing perceived ease of use and perceived usefulness. Originally, TAM assessed 
perceived usefulness and perceived ease of use (PEU). Additional constructs were added 
in TAM 2 and TAM 3 to improve predictive ability and desire to explain adoption, 
respectively, including for example self-efficacy, intrinsic motivation, perceived 
enjoyment and computer anxiety (J. R. Lewis & Sauro, 2021). It has been proposed that 
the underlying construct of perceived usability is the same as one of the components in 
TAM, namely PEU, indicating that perceived usability may have the ability to predict 
future use of a product/system (J. R. Lewis, 2018b). Lewis & Sauro (2021) also reports 
that there is evidence showing that the System Usability Scale (SUS), measuring 

https://www.zotero.org/google-docs/?XPe1wW
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perceived usability, and the PEU component of the TAM is in fact measuring the same 
thing. 

Health Information Technology Acceptance Model (HITAM) is an extended version of 
TAM3 developed to describe health consumers’ behavioral intentions (Kim et al., 2012). 
The HITAM was developed based on the Health Belief Model (Rosenstock, 1974), 
TAM3 and the Theory of Planned Behavior (TPB) (Ajzen, 1985). Items measuring 
perceived susceptibility, perceived seriousness, perceived threat, and behavioral intention 
were based on the Health Belief Model. Items measuring HIT reliability, perceived ease 
of use, HIT self-efficacy, perceived usefulness, attitude, and behavioral intention were 
derived from TAM3. Finally, items measuring health belief and concerns, subjective 
norm, attitude, and behavioral intention were derived from the TPB. 

2.4.4 The Theoretical Framework of Acceptability (TFA) 
The Theoretical Framework of Acceptability (TFA) was developed by Sekhon et al. 
(2017) and is concerned with the acceptance of an intervention. TFA reflects the extent to 
which people that deliver or receive an intervention consider it to be appropriate. It is a 
multi-faceted framework consisting of seven constructs: Affective Attitude, Burden, 
Ethicality, Intervention Coherence, Opportunity Costs, Perceived Effectiveness, and Self-
Efficacy. Several of these constructs seem to be related to the constructs in usability 
testing, TAM and behavioral theories such as the Self-Determination Theory (SDT) and 
the Theory of Planned Behavior (TPB) which is presented below. For instance, perceived 
effectiveness and burden in TFA align with effectiveness and efficiency, respectively, in 
usability. Similarly, affective attitude and ethicality align with attitude and subjective 
norms in the TPB, whereas self-efficacy or confidence is included in both TFA, TAM, 
TPB and SDT. In contrast to usability, TAM and SDT, the TFA does not seem to 
emphasize satisfaction/enjoyment, which is important and related to intrinsic motivation. 

2.4.5 Behavioral theories affecting use  
There are two common theoretical frameworks within behavioral science that can affect 
people’s intention and motivation to adopt and use a system/product. The first one is 
Self-Determination Theory (SDT), which proposes that behavior (e.g. implementing an 
exercise intervention) is affected and predicted by three basic needs; autonomy, 
competence and relatedness (Ryan et al., 2019). According to the SDT continuum, a 
person that is highly self-determined is considered to have high levels of intrinsic 
motivation (Ryan & Deci, 2000). Intrinsic motivation involves motivation that is 
regulated by and reflected in the person’s excitement, enjoyment, and interest, whereas 
extrinsic motivation involves motivation regulated by pressure, avoidance of punishment, 
reward, and external demands. Intrinsic motivation is considered a positive predictor of 
(intention of) behavior change (Chan & Hagger, 2012). Previous literature has found that 
intrinsic motivation is positively correlated with perceived usability and the three basic 
needs from SDT (Brühlmann et al., 2018). Combining the three needs has been referred 
to as need satisfaction, and it seems likely that need satisfaction is related to the 
satisfaction component of usability, which is defined as “the extent to which the user's 
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physical, cognitive and emotional responses that result from the use of a system, product 
or service meet the user’s needs and expectations” (International Organization of 
Standardization, 2018).  

Enjoyment is considered the self-report measure of intrinsic motivation (Ryan & Deci, 
2000). Enjoyment has been described as a critical factor for adherence to physical activity 
and exercise (Chen et al., 2020; Chen et al., 2017; Dishman et al., 2005; Jekauc et al., 
2015), and a few scales has been developed to capture enjoyment in physical activity 
(e.g., the physical activity enjoyment scale and the enjoy scale) (C. Chen et al., 2021; 
Davidson et al., 2023; Kendzierski & DeCarlo, 1991). 

The second theory is the Theory of Planned Behavior (TPB) which proposes that 
people’s engagement in a behavior is influenced by their attitudes, subjective norms, and 
perceived behavioral control (Ajzen, 1985). In other words, what the person thinks about 
the behavior, whether the person finds the behavior socially appropriate and whether the 
person is confident in his/her ability to engage in the behavior are predicting his/her 
intention to perform the behavior in the future. Chan & Hagger (2012) found that 
intrinsic motivation from the SDT is positively associated with attitudes, subjective 
norms, and perceived behavioral control from the TPB, and that the three TPB variables 
positively predict intention to perform injury rehabilitation and prevention.  

There have been scales and questionnaires developed based on SDT and TPB with 
promising psychometric evidence (e.g., The Behavioral Regulation in Sport 
Questionnaire, Intrinsic Motivation Inventory, User Motivation Inventory, Treatment 
Self-Regulation Questionnaire, Theory of Planned Behaviour Measures for Doing 
Adequate Physical Activity etc.) (Brühlmann et al., 2018; Chan et al., 2020; Chan & 
Hagger, 2012; Lonsdale et al., 2008; McAuley et al., 1989). There seems to be some 
overlap between items used in these questionnaires and the items seen in usability 
questionnaires. For example, enjoyment can be related to satisfaction, whereas attitudes 
and confidence can be related to perceived effectiveness.  

2.4.6 Implementation outcome measures  
As mentioned above, the goal of both usability and implementation science are to 
increase the likelihood of system use. Within implementation science, implementation 
outcome measures have been developed and psychometrically assessed for this purpose 
(Weiner et al., 2017). Acceptability, feasibility and appropriateness are proposed to be 
critical in the adoption phase, and associated with the adoption of an intervention (Proctor 
et al., 2011; Weiner et al., 2017). Proctor et al. (2011) has proposed the following 
definitions for acceptability, appropriateness, and feasibility. Acceptability is defined as 
the perception that a given treatment or practice is agreeable, palatable, or satisfactory. 
Appropriateness is the perceived fit, relevance, or compatibility of the intervention for a 
given practice setting and/or its perceived fit to address a particular issue or problem. 
Feasibility is defined as the extent to which the intervention can be successfully carried 
out within a given setting. The Acceptability of Intervention Measure (AIM), the 

https://www.zotero.org/google-docs/?broken=KFES9W
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Intervention Appropriateness Measure (IAM), and the Feasibility of Intervention 
Measure (FIM) are three scales that aim to measure implementation outcomes. They have 
all been psychometrically tested and found to have sufficient validity evidence, in 
addition to being pragmatic (e.g., short, general and freely available) (Weiner et al., 
2017). Factor analyses reveal that each item has a factor loading of above 0.74. The 
three-factor model revealed a good fit (CFI = 0.96 and RMSEA = 0.08 [CI, 0.06–0.09]). 
However, it is worth noting that the three factors are relatively highly correlated, 
especially appropriateness and feasibility and acceptability and appropriateness (0.66 and 
0.77, respectively). Testing these scales with a bifactor model may help elucidate if these 
are in fact different constructs or mostly measuring a higher order construct (e.g. 
usability). It is also worth noting that the AIM measure includes a satisfaction item (e.g. 
“I like this intervention”) even though satisfaction does not seem to be included in the 
TFA. 

2.4.7 Existing measures from related concepts and theories 
Table 2.4 displays scales and questionnaires developed based on concepts related to 
usability. 

Table 2.4 Scales from theories and concepts related to usability. 
Scale/Questionnaire Theory/Model Constructs Items 

Acceptability of 
Intervention 
Measure 
(AIM) 

Implementation 
Science 

Acceptability This intervention meets my approval 
This intervention is appealing 
I like this intervention 
I welcome the use of this intervention 

Intervention 
Appropriateness 
Measure (IAM) 

Implementation 
Science 

Appropriateness This intervention seems fitting 
This intervention seems suitable 
This intervention seems applicable 
This intervention seems like a good 
match 

Feasibility of 
Implementation 
Measure (FIM) 

Implementation 
Science 

Feasibility This intervention seems implementable 
This intervention seems possible 
This intervention seems doable 
This intervention seems easy to use 

Behavioral 
Regulation in Sports 
Questionnaire 
(BRSQ) 

Self- 
Determination 
Theory 

Amotivation 
 
 
 
 
 
External 
regulation  
 
 
 

…but I question why I continue. 
…but I question why I am putting 
myself through this.  
…but the reasons why are not clear to 
me anymore.  
…but I wonder what’s the point. 
…because people push me to play.  
…to satisfy people who want me to 
play.  
…because I feel pressure from other 
people to play. 
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Introjected 
regulation 
 
 
 
Identified 
regulation  
 
 
 
 
 
Integrated 
regulation  
 
 
 
 
 
Intrinsic 
Motivation 

…because if I don't, other people will 
not be pleased with me.  
…because I would feel guilty if I quit.  
…because I would feel ashamed if I 
quit.  
…because I feel obligated to continue.  
…because I would feel like a failure if I 
quit. 
…because the benefits of sport are 
important to me.  
…because I value the benefits of my 
sport.  
…because it teaches me self-discipline. 
…because it’s a good way to learn 
things which could be useful to me in 
my life. 
…because it’s an opportunity to just be 
who I am.  
…because it’s a part of who I am. 
…because what I do in sport is an 
expression of who I am.  
…because it allows me to live in a way 
that is true to my values.  
…because I enjoy it. 
…because I like it. 
…because it’s fun. 
…because I find it pleasurable. 

Treatment Self-
Regulation 
Questionnaire for 
Adequate Physical 
Activity 

Self- 
Determination 
Theory 

Autonomous 
motivation  
(Item 1-6)  
 
 
 
 
 
 
 
 
 
Controlled 
motivation  
(Item 7-12)  
 
 
 
 
 
 
 
 

1.I want to do adequate physical 
activity because I feel that I want to 
take responsibility for my own health. 
2.I want to do adequate physical 
activity because I personally believe it 
is the best thing for my health. 
3.I want to do adequate physical 
activity because I have carefully 
thought about it and believe it is very 
important for many aspects of my life. 
4.I want to do adequate physical 
activity because it is an important 
choice I really want to make. 
5.I want to do adequate physical 
activity because it is consistent with my 
life goals. 
6.I want to do adequate physical 
activity because it is very important for 
being as healthy as possible. 
7.I want to do adequate physical 
activity because I would feel guilty or 
ashamed of myself if I did not. 
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Amotivation 
(Item 13-15) 

8.I want to do adequate physical 
activity because others would be upset 
with me if I did not. 
9.I want to do adequate physical 
activity because I would feel bad about 
myself if I did not. 
10.I want to do adequate physical 
activity because I feel pressure from 
others to do so. 
11.I want to do adequate physical 
activity because I want others to 
approve of me. 
12.I want to do adequate physical 
activity because I want others to see I 
can do it. 
13.I really don't think about doing 
adequate physical activity. 
14.I want to do adequate physical 
activity because it is easier to do what I 
am told than think about it. 
15.I don't really know why I want to do 
adequate physical activity. 

Theory of Planned 
Behaviour Measures 
for Doing Adequate 
Physical Activity 

Theory of 
Planned 
Behavior 

Intention (Item 
1-3) 
 
 
 
Subjective norm 
(Item 4-6) 
 
 
 
 
Perceived 
behavioral 
control (Item 7-
11) 
 
 
 
 
 
Attitude (Item 
12)  

1.I intend to do adequate physical 
activity in the forthcoming month. 
2.I will try to put great effort into doing 
adequate physical activity in the 
forthcoming month. 
3.I plan to do adequate physical activity 
in the forthcoming month. 
4.Most people who are important to me 
think that I should do adequate physical 
activity in the forthcoming month. 
5.It is expected of me that I do adequate 
physical activity in the forthcoming 
month. 
6.The people in my life whose opinions 
I value would approve of me to do 
adequate physical activity in the 
forthcoming month. 
7.It is possible for me to do adequate 
physical activity in the forthcoming 
month. 
8.If I want to I could do adequate 
physical activity in the forthcoming 
month. 
9.I have complete control over how to 
do adequate physical activity in the 
forthcoming month. 
10.It is completely down to me to 
decide to do adequate physical activity 
in the forthcoming month. 



 

28 
 

11.It is easy for me to do adequate 
physical activity in the forthcoming 
month. 
12.For me doing adequate physical 
activity in the forthcoming month 
would be … 

• Worthless/Valuable 
• Harmful/Beneficial 
• Unpleasant/Pleasant 
• Unenjoyable/Enjoyable 
•  Bad/Good 

Activity Perception 
Questionnaire (part 
of the Intrinsic 
Motivation 
Inventory) 

Self- 
Determination 
Theory 

Interest/ 
enjoyment: 3, 5, 
7, 11, 12(R), 15, 
17, 23 
 
Value/ 
usefulness: 1, 4, 
6, 10, 13, 16, 
19, 21, 25 
 
Perceived 
choice: 2, 8(R), 
9, 14(R), 18(R), 
20(R), 22, 
24(R)  

1. I believe that doing this activity 
could be of some value for me. 
2. I believe I had some choice about 
doing this activity. 
3. While I was doing this activity, I was 
thinking about how much I enjoyed it. 
4. I believe that doing this activity is 
useful for improved concentration. 
5. This activity was fun to do. 
6. I think this activity is important for 
my improvement. 
7. I enjoyed doing this activity very 
much. 
8. I really did not have a choice about 
doing this activity. 
9. I did this activity because I wanted 
to. 
10. I think this is an important activity. 
11. I felt like I was enjoying the activity 
while I was doing it. 
12. I thought this was a very boring 
activity. 
13. It is possible that this activity could 
improve my studying habits. 
14. I felt like I had no choice but to do 
this activity. 
15. I thought this was a very interesting 
activity. 
16. I am willing to do this activity again 
because I think it is somewhat useful. 
17. I would describe this activity as 
very enjoyable. 
18. I felt like I had to do this activity. 
19. I believe doing this activity could 
be somewhat beneficial for me. 
20. I did this activity because I had to. 
21. I believe doing this activity could 
help me do better in school. 
22. While doing this activity I felt like I 
had a choice. 
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23. I would describe this activity as 
very fun. 
24. I felt like it was not my own choice 
to do this activity. 
25. I would be willing to do this activity 
again because it has some value for me. 

Health Information 
Technology 
Acceptance Model 
(HITAM) 

Technology 
Acceptance 
Model 

Health belief 
and concerns 
Perceived 
susceptibility 
Perceived 
Seriousness 
Subjective norm 
HIT self-
efficacy 
Perceived ease 
of use  
Perceived 
usefulness 
HIT reliability 
Attitude  
Behavioral 
intention 

I am positive about using HIT to 
manage my health and to search for 
reliable health information 
I think it is beneficial to manage my 
health and search for reliable health 
information using HIT 
I am satisfied by and large with the use 
of HIT to manage my health and search 
for reliable health information using 
HIT.  
I will continue to use HIT to manage 
my health and to search for reliable 
health information 
I will regularly use HIT to manage my 
health and to search for reliable health 
information 
I will recommend use of HIT to other 
people to manage their health and to 
search for reliable health information. 
+ 44 other items 

The Adherence to 
Exercise for 
Musculoskeletal 
Pain 
Tool  (ATEMPT)  
(Bailey et al., 2024) 

 
Communication 
with expert 
 
Targets 
 
How exercise 
prescribed 
Patient 
knowledge and 
understanding 
Motivation and 
support 
Psychological 
approach and 
attitudes 

1. I feel my individual needs were 
understood when the exercise therapist 
recommended my exercises 
2. I am doing enough exercise to 
produce a positive change in my 
musculoskeletal pain 
3. I am doing my exercises as instructed 
 
4. I understand how my exercises will 
help with my musculoskeletal pain 
 
5. I understand the consequences of not 
doing my exercises 
6. I believe in the exercises that have 
been recommended to me 

ENJOY  Self-
Determination 
Theory 

Pleasure  
 
 
 
Relatedness 
 
 
 
Competence  

2. The activity was pleasurable to me 
5. The activity made me feel happy 
9. The activity was fun 
17. I liked doing the activity 
25. The activity made me feel good 
4. I felt connected with others during 
the activity 
8. I liked interacting with others during 
the activity 
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Challenge/ 
Improvement  
 
 
 
 
Engagement 

16. I cooperated with others during the 
activity 
19. The activity was a shared effort 
with others 
21. I felt close to others when I did the 
activity 
6. I felt very capable during the activity 
11. I am good at the activity 
22. I felt like I did a good job the last 
time I did the activity 
23. I was proficient in the activity 
24. I felt competent at performing the 
activity 
1. The activity allowed me to develop 
new skills 
7. I felt challenged, but not over-
challenged, during the activity 
10. I improved my skills the last time I 
did the activity 
15. During the activity I could get 
better at doing it 
18. I felt challenged, but not under-
challenged, during the activity 
3. I lost track of what was going on 
outside of the activity 
12. I forgot what was going on around 
me during the activity 
13. I lost track of time during the 
activity 
14. When I did the activity, I thought 
about nothing else 
20. I lost track of what was going on 
around me during the activity 

Physical Activity 
Enjoyment Scale 

 Enjoyment I enjoy it; I hate it 
I feel bored; I feel interested 
I dislike it; I like it 
I find it pleasurable; I find it 
unpleasurable 
I am very absorbed in this activity; I am 
not at all absorbed in this activity 
It is not fun at all; it is a lot fun 
I find it energizing; I find it tiring 
It make me depressed; it makes me 
happy 
It is very pleasant; it is very unpleasant 
I feel good physically while doing it; I 
feel bad physically while doing it 
It is very invigorating; it is not at all 
invigorating 
I am very frustrated by it; I am not at all 
frustrated by it 
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It is very gratifying; it is not at all 
gratifying 
It is very exhilarating; it is not at all 
exhilarating  
It is not at all stimulation; it is very 
stimulating 
It gives me a strong sense of 
accomplishment; it does not give me 
any sense of accomplishment 
It is very refreshing; it is not at all 
refreshing 
I felt as though I would rather be doing 
something else; I felt as though there 
was nothing else 

 

2.5 Summary and implications 
Based on the previous literature discussed, integrating usability and implementation 
sciences may be an appropriate way to assess and evaluate exercise program 
characteristics. However, many usability scales lack a clear description of what construct 
they are aiming at measuring and their evidence of validity and reliability. Most items in 
the identified scales also seem irrelevant to assess in an exercise intervention context. The 
System Usability Scale or the Intervention Usability Scale seem to be more generic scales 
with good psychometric properties and might be relevant to involve when assessing 
usability of exercise interventions. However, these scales do not seem to address 
satisfaction/enjoyability, which might be important for adherence to exercise programs. 
In addition, the implementation outcome scales/items have not been blended/tested with 
the typical usability items which aim to measure a similar construct of “use likelihood.” 
This makes it challenging to navigate and select a comprehensive and appropriate scale.  

The goal of usability testing is to assess whether a system is likely to be used and identify 
aspects that are not working sufficiently. Usability testing emphasizes user involvement 
and should be utilized throughout the design, development, and implementation process 
of an exercise intervention to increase the likelihood of sustained use. Developing a new 
comprehensive scale with sufficient psychometric properties for assessing the usability of 
exercise programs can be a cost-effective and efficient tool to help design, develop and 
evaluate program characteristics and implementation likelihood. The scale will 
potentially help bridge the gap between controlled research settings and implementation 
of exercise interventions in the wild with the goal to increase uptake and adherence. 
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3 Usability Considerations for Enhancing Exercise-
Based Injury Prevention Interventions  

 

3.1 Abstract 
Our study centers around the importance of usability and usability testing in the context 
of exercise interventions. Despite the proven effectiveness of exercise programs in 
reducing injuries, adherence to these programs remains a challenge, and injury rates have 
not decreased significantly. This study explores the application of usability testing in the 
field of health and exercise medicine, specifically assessing the usability of an exercise-
based injury prevention intervention. A team of female handball players was included in 
the study (n = 23). The study employed a modified usability questionnaire, including 
items from the System Usability Scale (SUS), to evaluate important program 
characteristics (e.g., learnability, enjoyability, perceived effectiveness, ease of use, and 
efficiency). The Likert scale-based questionnaire was distributed within two sessions into 
the intervention period and post intervention. Perceived effectiveness, enjoyability, and 
efficiency highly correlated with players’ intention to use the program (rs 0.50, p = 0.02, 
rs 0.50, p= 0.02, rs 0.65, p < 0.001, respectively), whereas learnability and ease of use did 
not. Hence, the SUS items were not correlated with intention to use the program. 
Program usability, especially enjoyability, significantly decreased over time (Cohen’s d = 
0.60, 95 % CI 0.13, 1.06, p = 0.01, and Cohen’s d = 0.61, 95 % CI 0.18, 1.10, p = 0.01, 
respectively). Our findings underscore the potential significance of considering program 
characteristics and usability testing throughout the development and testing of exercise 
programs. Moreover, this study highlights the shortcomings of current scales such as SUS 
and advocates for the creation of a tailored usability assessment tool for exercise 
interventions.  

Keywords. Usability; Usability testing; Injury prevention; System Usability Scale; 
Anterior cruciate ligament injury; User experience 

 

 

 

 

Footnote: The material contained in this chapter is under review as a conference 
proceeding at HFES International Symposium on Human Factors and Ergonomics in 
Health Care. 
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3.2 Introduction  
Beyond developing exercise interventions that are effective in improving health or 
reducing risk of injury and illnesses, it is imperative to develop something the target users 
would want to use. Usability testing and end-user engagement has become an important 
part of product development, particularly within technology and computer-based 
products, due to the ability to detect barriers and enhance user experience. Despite its 
increasing emphasis during product development, usability testing is not typically utilized 
in exercise intervention development. The International Organization of Standardization 
(ISO) defines usability as the ‘extent to which a system, product, or service can be used 
by specified users to achieve specified goals with effectiveness, efficiency, and 
satisfaction in a specified context of use’ (International Organization of Standardization, 
2018). Implicitly, end-user involvement is critical in usability assessments. Utilizing 
usability testing throughout the development and testing phase of an exercise intervention 
can potentially help mitigate the adherence issue seen in exercise medicine and injury 
prevention implementation research. 

For instance, anterior cruciate ligament (ACL) injuries remain a large problem within the 
population of female athletes performing pivoting sports (e.g., soccer, handball, 
basketball, netball). While previous research has established the effectiveness of 
neuromuscular injury prevention programs (IPP) in reducing ACL injury risk (Foss et al., 
2018; Halvorsen et al., 2023; Myklebust et al., 2003; E. J. Petushek et al., 2018; Waldén 
et al., 2012), adherence to these IPPs is very low (~4-20 %) (Joy et al., 2013; Norcross et 
al., 2016; Sugimoto et al., 2016) and we have yet to see this effect resulting in fewer ACL 
injuries among this population outside a research setting. 

Several studies have been published on why evidence-based interventions are not being 
implemented as desired outside research settings, and how facilitators and barriers can be 
targeted to increase implementation rates of IPPs in sports (Ageberg et al., 2019, 2022; 
Donaldson et al., 2019; Finch, 2011; Hawkinson et al., 2022; McKay et al., 2016; Minnig 
et al., 2022; Moesch et al., 2022; O’Brien & Finch, 2016; Richmond et al., 2020). These 
studies have identified program design, exercises, and learnability as facilitators, whereas 
lack of knowledge about the program, lack of player enjoyability, and lack of resources 
available have been identified as barriers for program use. Several of these facilitators 
and barriers can be identified and addressed through usability assessments.  

Based on recent findings related to ACL injury risk factors in female handball (Bill et al., 
2022), we developed a novel ACL injury prevention intervention targeting reduction of 
knee abduction moment (KAM) during cutting tasks. In addition to exploring the 
programs’ effectiveness in reducing KAM, a concurrent evaluation of usability 
characteristics such as the players’ perceived effectiveness, efficiency and satisfaction 
with the program is important and efficient to conduct for exploring implementation 
likelihood.  
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The aim of this study was therefore to explore the relationship between perceived 
usability characteristics and players’ intention to use the newly developed ACL IPP on a 
regular basis. Additionally, the study sought to elucidate whether perceived program 
usability characteristics underwent changes over time. This research will help inform IPP 
developers of exercise-based interventions about important program characteristics 
affecting sustained use and effectiveness, and how usability assessment of exercise-based 
interventions may be different from more traditional approaches (e.g. System Usability 
Scale).  

3.3 Material and Methods 
Data on usability-related factors affecting the target user’s intention to use the program 
were collected from the intervention group participating in a cluster-randomized 
controlled trial (RCT) conducted by Müller-Kühnle et al. (NCT05643261, unpublished 
manuscript) during the Fall of 2022. The main purpose of the RCT was to investigate 
whether a novel ACL IPP could reduce KAM in female handball players’ cutting 
performance. During and after the intervention period, data on usability of the new IPP 
and barriers and facilitators to further use were collected. 

3.3.1 Sample  
Twenty-three female handball players, aged 15 to 18, were included in the intervention 
group. All players went to the same elite sports high school which hosted the handball 
sessions where the injury prevention intervention was conducted. All players additionally 
played handball for different clubs competing in various divisions of the Norwegian 
handball leagues, including the elite, 1st, 2nd, and 3rd division. The ethical aspects of the 
study adhered to the principles outlined in the Declaration of Helsinki, and prior approval 
was obtained from the regional ethics committee at the Norwegian School of Sports 
Sciences. All participants provided informed consent. 

3.3.2 Intervention  
The intervention involved performing an exercise program including both a warm-up 
with cutting and landing exercises, and strength exercises for hip, core, and calves. The 
program incorporated progression for training volume, exercise load, complexity, and 
specificity. They were instructed to perform the IPP at least two times per week for 9 
weeks. The IPP was supervised by the team’s coaches and mainly performed during their 
handball session. The exercises were either performed in the gym or on the handball 
court, depending on what their training schedule looked like. The whole program, 
including warm-up with cutting and landing tasks and strength exercises, was designed to 
take about 20 minutes to complete. To increase coach and player comprehension and 
motivation, several measures were taken: 1) One of the main coaches was involved in 
designing the intervention, 2) A short and focused presentation about mechanisms for 
why each of the components were likely to reduce injury risk and improve performance 
were held for both players and coaches, and 3) During pretest, the players individually 
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received feedback on cutting technique. During this session, the rationale for why these 
technique modifications were beneficial was repeated.  

3.3.3 Outcome measures 
The primary outcome measure of the RCT was changes in KAM, whereas the main 
outcome measure in this study was the players’ intention to use the program. Intention to 
use was measured using the Likert scale item “I think I will want to use the training 
program regularly”, adapted from the System Usability Scale.  

Surveys were distributed to the players in the intervention group after two sessions and 
after the intervention period was over. The PRE survey was distributed using pen and 
paper and the POST survey was distributed through Qualtrics (Qualtrics, Provo, UT, 
USA). The different survey distribution methods were due to the environment and timing 
in which the players received the survey. For the PRE survey they were at handball 
training with the research team present, whereas the POST survey was provided outside 
training time and after the intervention period was over, making it more efficient to 
collect this data through an online survey. The two usability surveys included 13 items 
that all were responded to through a five-point Likert scale. Six of the items were 
collected from the modified version of the System Usability Scale (Brooke, 1995) - the 
Intervention Usability Scale (IUS) (Lyon et al., 2021). Additionally, seven items that 
mapped more directly onto the player’s enjoyment, perceived effectiveness and 
efficiency of the program were given, consistent with findings from previous literature on 
program adherence, and behavioral theories (Ajzen, 1985; Ryan & Deci, 2000). 
Hypothesized constructs of the usability scale included learnability, perceived overall 
effectiveness, ease of use, enjoyability and efficiency. See Figure 3.1 for the full list of 
usability scale items and their affiliation to the hypothesized constructs.  
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Figure 3.1. Usability scale items and affiliation to subcomponents. Note: Red arrows 
indicate items added by the research team. Black, dotted arrows indicate items from the 
System Usability Scale. 

3.3.4 Statistical analysis  
Power analysis and sample size justification was made for the main objective of the 
intervention study (e.g. changes in KAM), but not for the exploratory nature of the 
usability assessment. Paired sample’s t-test were used to assess differences between pre 
and post responses on the usability scale items. Spearman’s rho (rs) was used to assess 
correlation between the hypothetical constructs and the outcome measure intention to use. 

3.4 Results 
Twenty-one players were included in the analyses. For demographic data of the players, 
see Table 3.1. Two players were excluded from survey data analyses, one due to early 
intervention exit due to injury and one due to aberrant responses. 

Table 3.1 Demographics  

Players 

Age 
(years)  
mean 
(sd) 

Body 
Mass 
(kg) 
mean 
(sd) 

Height 
(m) 
mean 
(sd) 

Level of 
Play 

Number of 
Technique 
Sessions 
mean (sd) 

Number of 
Strength 
Sessions 
mean (sd) 

n=21 16.71 
(1.10) 

69.33 
(8.20) 

1.75 
(0.06) 

Level 1: 3 
Level 2: 10 
Junior: 2 
Girls 2006: 
6 

17.25 (3.27) 18.25 (3.70) 

 

3.4.1 Correlations between usability characteristics and 
intention to use  

The total scale score was significantly correlated with intention to use the program (rs 
0.50, 95% CI 0.09, 0.77, p = 0.02). When assessing the correlation with the five 
hypothetical constructs, perceived overall effectiveness, enjoyability and efficiency were 
significantly correlated with intention to use the program (See Figure 2). The correlation 
between intention to use and their perceived effectiveness on performance was stronger 
than the correlation between intention to use and perceived effectiveness in reducing 
injury risk (rs = 0.63, 95% CI 0.28, 0.84, p < 0.001 and rs 0.53, 95% CI 0.12, 0.78, p = 
0.01, respectively). There were no significant relationships between learnability or ease 
of use and intention to use the program. 
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Figure 3.2. Correlation between usability characteristics and intention to 
use/implementation likelihood. The left side shows the correlations between the total 
scale score and intention to use. The right side shows the correlation between different 
usability characteristics and intention to use. Values in bold indicate significant 
correlations. 

3.4.2 Changes in usability scores from pre to post intervention  
The paired sample’s t-test showed that the total usability scale score significantly 
decreased from pre and post intervention with enjoyability being the subcomponent that 
changed the most. See Table 3.2. 

Table 3.2. Differences in pre and post intervention scale scores (n=21) 
Constructs 
(items) 

Pre 
(mean) 

Post  
(mean) 

Mean 
Difference 
[95% CI] 

Cohen's d 
[95% CI] 

p-value 

Total Scale Score (13) 3.602 3.328 0.274  
[0.07, 0.48] 

0.60 
[0.13, 1.06] 

0.012 

Learnability (5) 3.924 3.733 0.19 
[-0.05, 0.43] 

0.36   
[-0.09, 0.79] 

0.118 

Enjoyability (2) 3.0 2.405 0.595 
[0.15, 1.03] 

0.61 
[0.18, 1.10] 

0.011 

Efficiency (2) 3.071 2.619 0.452 
[-0.10, 1.01] 

0.37  
[-0.08, 0.81] 

0.106 

Perceived Effectiveness on 
Injury Risk (1) 

4.238 4.238 0 
[-0.41, 0.41] 

0 
[-0.43, 0.43] 

1 
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Perceived Effectiveness on 
Performance (1) 

3.286 3.571 -0.286 
[-0.79, 0.22] 

-0.26 
[-0.69, 0.18] 

0.249 

Ease of Use (2) 3.952 3.571 0.381 
[0.03, 0.73] 

0.49 
[0.03-0.94] 

0.035 

Players responded to the items using a Likert scale ranging from 1-5 (Strongly disagree-Strongly 
agree). Pre and post values refer to the mean value of the items belonging to the specific 
construct.  

 

3.5 Discussion 
The survey data revealed a significant correlation between the usability characteristics 
“perceived overall effectiveness”, “efficiency”, and “enjoyability”, and the players’ 
intention to use the program. This indicates that players' willingness to use the program 
regularly was affected by whether they believed the program would prevent injuries 
and/or increase their performance, whether they found it efficient and worth their time, 
and whether they enjoyed doing it. 

Enjoyability and perceived overall effectiveness’ positive impact on the players’ intention 
to use the program is supported by previous literature on IPPs (Moesch et al., 2022; 
Møller et al., 2021) and behavioral theories such as the Self-Determination Theory and 
the Theory of Planned Behavior (Ajzen, 1985; Ryan & Deci, 2000). Enjoyment is 
considered the self-report measure of intrinsic motivation (Ryan & Deci, 2000), and 
intrinsic motivation has been suggested to predict athletes’ intentions to perform injury 
prevention and rehabilitation (Chan & Hagger, 2012). This suggests that the development 
of IPPs should emphasize and assess the players’ intrinsic motivation for performing the 
program. As shown in our study, enjoyability and perceived effectiveness levels can 
change over time and should therefore be monitored and addressed regularly. 

Our results suggest that this intervention was easy to use and learn initially and was 
perceived effective in reducing ACL injury risk with scores above 3.9 (out of 5), whereas 
it was perceived less enjoyable, efficient, and effective in improving performance (3.0, 
3.1, and 3.3, respectively). Interestingly, learnability and ease of use, which included 
items from the System Usability Scale (SUS)/Intervention Usability Scale (IUS), did not 
significantly correlate with the players’ intention to use the program. The SUS/IUS is a 
highly acknowledged and widely used measure to assess usability of a broad range of 
systems/products (Brooke, 2013). These scales have been psychometrically tested for use 
in other healthcare interventions, such as internet-based interventions for depression (Mol 
et al., 2020) and Motivational Interviewing (Lyon et al., 2021). The fact that none of the 
items included from this scale correlated with the players’ intention to use the program, 
suggests that the use of this generic scale is limited and does not seem appropriate for 
assessing usability of exercise interventions when the goal is to assess whether a program 
is likely to be used or not.  
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This study, with support from prior research and theoretical frameworks such as the Self-
Determination Theory (SDT) and Theory of Planned Behavior (TPB), suggests that 
enjoyability, efficiency, and perceived effectiveness seem important to target when 
designing sustainable injury prevention programs. These usability components have not 
been particularly emphasized in other existing usability measures, where a product’s ease 
of use and learnability have been of higher priority (e.g., IUS, Technology Acceptance 
Model, Usability Magnitude Estimation, Single Ease Question). Other frameworks and 
scales related to usability assessments of exercise interventions include the Theoretical 
Framework of Acceptability, implementation outcome measures (e.g., The Acceptability 
of Intervention Measure, the Intervention Appropriateness Measure, and the Feasibility of 
Intervention Measure), Behavioral Regulation in Sports Questionnaire, Activity 
Perception Questionnaire, Theory of Planned Behavior Measures for Doing Adequate 
Physical Activity, and Treatment Self-Regulation Questionnaire for Adequate Physical 
Activity (Chan et al., 2020; Lonsdale et al., 2008; McAuley et al., 1989; Sekhon et al., 
2017; Weiner et al., 2017; Wilson et al., 2006). These scales all seem to measure a 
similar construct of “use likelihood” as the typical usability items and can provide 
valuable insights into constructs that are important to measure when assessing usability of 
an exercise program. However, none of the scales seem to assess the usability constructs 
effectiveness, efficiency, and satisfaction as defined by the ISO. 

The domain of Human Factors has successfully utilized usability testing and human-
centered design in product development. The use of usability testing and end-user 
involvement during program development and testing, seems to be valuable within the 
domain of exercise science as well, where the development of an exercise intervention 
usability scale with sufficient psychometric properties that to a greater extent captures the 
users’ enjoyment, perceived efficiency and effectiveness of an exercise intervention 
might help bridge the gap between compliance in controlled research settings and long 
term adherence “in the wild”. 

3.5.1 Limitations  
Our results are based on survey measures, which may affect the validity. For example, 
survey measures can be subject to careless responding or differences in interpretation 
between researchers and players or between players. Unfortunately, we did not collect 
timing data for the different survey completions, which is considered one of the most 
reliable methods to detect careless responders (Leiner, 2019; Wang et al., 2018). 
However, “longstring” methods was used to detect aberrant/careless responders. 
Secondly, a notable limitation was the relatively small sample size, which may have 
caused limited variability in responses and the precision of the correlation estimates. 
Finally, in this study we measured intention to future use. This is not equivalent to actual 
sustained use, which is the ideal outcome of implementing IPPs. However, intention to 
use has shown to be significantly associated with actual behavior (Chen et al., 2022; 
Fishman et al., 2020) and is considered the most proximal indicator of future behavior 
(Ajzen, 1985; Chen et al., 2022). 
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3.6 Conclusion  
The willingness of players to engage in the IPP appears to depend on their enjoyment of 
it, its perceived efficiency, and their belief in its effectiveness for reducing ACL injury 
risk or enhancing performance. The study underscores the value of usability assessments 
– beyond typical constructs measured within the SUS - in evaluating the likelihood of 
program implementation and in identifying barriers to program use, ultimately 
contributing to the design of more effective and user-friendly exercise programs.  
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4 Perspectives on Usability and Adoption of a New 
ACL Injury Prevention Program for Female Handball 
Players: A Mixed Methods Approach 

 

4.1 Abstract 
Effective injury prevention programs (IPPs) hold promise for mitigating anterior cruciate 
ligament (ACL) injuries in female handball players, yet adherence remains a challenge. 
This mixed methods study explores the relationship between program usability 
characteristics and potential effectiveness of a newly developed ACL IPP through survey 
and interview data from 23 female handball players aged 15-18 and their four coaches. 
Findings reveal significant correlations between reductions in knee abduction moments 
(KAM) and players' perceived effectiveness of the program in reducing ACL injury risk 
and their intention to use it (rs -0.52, 95% CI -0.78, -0.1, p = 0.02, and rs -0.46, 95% CI -
0.75, 0.03, p = 0.04, respectively). Coaches and players identified efficiency and 
perceived effectiveness as key factors influencing program adoption. Concerns regarding 
program length and doubts about exercise efficacy and transferability emerged as 
barriers, while perceived effectiveness, efficiency, and enjoyability were facilitators for 
program use. Players' suggestions for program improvement included shortening duration 
and incorporating playful elements. Design thinking sessions yielded strategies to 
optimize time efficiency and integrate IPPs into existing training routines. The study 
underscores the importance of balancing program effectiveness with practicality and clear 
communication about its purpose and benefits to facilitate program adoption. Enhancing 
program usability and involving end-users in the design process are crucial steps toward 
promoting acceptance and adoption of IPPs among target populations. 

Keywords: knee abduction moment, anterior cruciate ligament, injury prevention, 
handball, implementation outcomes 

 

 

 

 

 

Footnote: The material contained in this chapter has been submitted to the BMJ Open 
Sport & Exercise Medicine.   
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What is already known on this topic 

● Injury prevention programs (IPP) can reduce risk of sustaining an anterior 
cruciate ligament injury by more than 50 % in female athletes participating in 
pivoting sports. However, adherence to these programs is low, and the number of 
ACL injuries in female athletes is not decreasing. Several barriers and facilitators 
to implementation of IPPs have been suggested, including program design, player 
enjoyment, lack of knowledge and resources. 

What this study adds 

● Our results show that perceived effectiveness, efficiency, flexibility and 
enjoyability of using the program affects coaches and players’ adoption and 
program acceptance.  

● If players believe in the programs’ effectiveness, it does not have to be perceived 
as enjoyable for it to reduce KAM. 

● IPPs have a great potential to be made more enjoyable. 

● Understanding of the rationale and potential value of IPPs should be heavily 
emphasized in communication between program developers and target users (e.g., 
between researcher and coaches/players and between coaches and players).  

How this study might affect research, practice, or policy 

● Our results indicate that collecting data on the coach and player perceptions on 
usability of exercise programs can add important insights during the development 
and testing phase of the program. Including end-users through program usability 
assessments should be emphasized early on in development of new injury 
prevention programs.  
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4.2 Introduction 
Exercise interventions, widely acknowledged for their efficacy in preventing and treating 
various diseases and injuries, face a significant challenge in terms of adherence, thereby 
limiting their potential benefits. This issue is particularly evident in the context of 
anterior cruciate ligament (ACL) injuries among female athletes engaged in pivoting 
sports like soccer and handball (Gornitzky et al., 2016; Myklebust et al., 2003; 
Prodromos et al., 2007). Despite the proven effectiveness of injury prevention programs 
(IPP) in reducing ACL injury risk, adherence rates remain notably low (approximately 4-
20%) (Joy et al., 2013; Norcross et al., 2016; Sugimoto et al., 2016). 

The adherence issue is multifaceted, and a large number of different facilitators and 
barriers have been identified in previous research (Ageberg et al., 2022; Donaldson et al., 
2019; Finch, 2011; Joy et al., 2013; McKay et al., 2014, 2016; Moesch et al., 2022; 
Møller et al., 2021; O’Brien & Finch, 2016). Knowledge, resources (e.g. time) and player 
enjoyability have been considered barriers to use, whereas program content/design, 
relevance of exercises and the ease of learning have been identified as facilitators. 
Additionally, behavioral theories such as the Self-Determination Theory and the Theory 
of Planned Behavior propose factors affecting individuals' engagement in a behavior 
(change) (e.g., intrinsic motivation, attitudes, subjective norms, and perceived behavioral 
control),  and how these predict intention to perform injury prevention and rehabilitation 
(Ajzen, 1985; D. K. C. Chan & Hagger, 2012; Ryan & Deci, 2000). 

Recently, Bill et al. (2022) found that female handball players with high knee abduction 
moments (KAM), a likely risk factor for ACL injuries (Boden et al., 2009; Koga et al., 
2010; Krosshaug et al., 2007), show increased vertical center of mass excursions and 
knee valgus angles across cutting tasks. Based on these findings and other biomechanical 
analyses (Dempsey et al., 2007; Kristianslund et al., 2014), we developed and tested a 
new ACL IPP for female handball players specifically targeting cutting technique and hip 
abductors, hip external rotator, calf- and core muscles to reduce KAM. In addition to 
exploring the programs’ effectiveness in reducing KAM, it is important and efficient to 
conduct a concurrent evaluation of usability characteristics early in the development and 
testing phase of new IPPs. This evaluation should focus on aspects such as the users’ 
perceived effectiveness, efficiency, and satisfaction with the program, and aim to identify 
potential barriers to program use. This early evaluation is crucial because these programs 
will have very limited value if they are not being adopted outside research settings. 

Usability testing and end-user engagement has become an important part of product 
development, particularly within technology and computer-based products, due to their 
ability to detect barriers and enhance user experience. Despite its increasing emphasis 
during product development, usability testing is not typically utilized in exercise 
intervention development. The International Organization of Standardization (ISO) 
defines usability as the ‘extent to which a system, product, or service can be used by 
specified users to achieve specified goals with effectiveness, efficiency, and satisfaction 
in a specified context of use’ (ISO/TS 20282-2:2013, 2023). Other outcomes of use in the 
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context of usability includes user experience, accessibility, and avoidance of harm 
(International Organization of Standardization, 2018). Implicitly, end-user involvement is 
critical in usability assessments. Utilizing usability testing throughout the development 
and testing phase of an exercise intervention can potentially help mitigate the adherence 
issue seen in injury prevention implementation research.   

The aim of this mixed methods study was to gain deeper insights into coaches and 
players’ perceived barriers and facilitators for use of the newly developed ACL injury 
prevention program. Additionally, we explored the relationship between player’s 
reduction in KAM and their perceptions of, and intention to use, the program. This 
research will help inform program developers about important program characteristics 
affecting use and the potential effectiveness of the program.  

4.3 Methods and Materials 
This mixed methods study included survey and interview data collected from the 
intervention group participating in a randomized controlled trial conducted by researchers 
at the Oslo Sports Trauma and Research Center during the Fall of 2022 (NCT05643261, 
Müller-Kühnle et al., Unpublished data) investigating whether a program particularly 
targeting cutting technique and muscle strength exercises for hip, calf and core could 
reduce KAM in female handball players. The ethical aspects of the study adhered to the 
principles outlined in the Declaration of Helsinki, and prior approval was obtained from 
the regional ethics committee of the Norwegian School of Sport Sciences (233–160622). 
All participants provided informed consent. 

4.3.1 Sample 
The intervention group consisted of 23 female handball players aged 15-18 years old. The 
players all went to the same high school where the intervention was executed. All players 
conducted the surveys. Six of the players were also included in a focus group/design 
thinking activity. The four coaches responsible for the execution of the IPP individually 
took part in semi-structured interviews with one female interviewer (AIM).  

4.3.2 Intervention 
The 9-week intervention involved performing a warm-up with cutting and landing 
exercises, and strength exercises for hip, core, and calves 2-3 times per week 
(NCT05643261, Müller-Kühnle et al., Unpublished data). The team’s coaches supervised 
the program, and it was mainly performed during their handball session, in the gym or on 
the court. The whole program (e.g., warm-up and strength exercises) was designed to 
take about 20 minutes. 

4.3.3 Outcome measures  
The primary quantitative outcome measure in the original RCT was the players’ 
reduction in KAM. KAM was evaluated using a 3D motion capture system (24 cameras, 
Qualisys, Gothenburg, Sweden, 200 Hz) and two floor-embedded force plates (AMTI, 
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Watertown, Massachusetts, USA,1,000 Hz, 1,200 × 600 mm) as players executed a 
sidestep cutting maneuver to bypass a stationary defender (NCT05643261, Müller-
Kühnle et al., Unpublished data). See Figure 4.1 for a flow chart of assessing outcome 
measures. 

    

Figure 4.1. Flow chart of lab testing, survey distribution and interviews 

Surveys were distributed to the players in the intervention group after two sessions and 
after the intervention period was over. The PRE survey was distributed using pen and 
paper and the POST survey was distributed through Qualtrics (Qualtrics, Provo, UT, 
USA). The two usability surveys included 13 items that all were responded to through a 
five-point Likert scale. Six of the items were collected from the modified version of the 
Intervention Usability Scale (IUS) (Lyon et al., 2021). Additionally, seven items that 
mapped more directly onto the player’s enjoyment, perceived effectiveness and 
efficiency of the program were given, consistent with findings from previous literature on 
program adherence, and behavioral theories. Hypothesized constructs of the usability 
scale included learnability, perceived overall effectiveness, ease of use, enjoyability and 
efficiency. See Figure 4.2 for the full list of usability scale items and their affiliation to 
the hypothesized constructs. Surveys are included in the appendices.  
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Figure 4.2. Usability scale items and affiliation to subcomponents. Note: Red arrows 
indicate items added by the research team. Black, dotted arrows indicate items from the 
System Usability Scale. 

Semi-structured interviews were conducted individually with four of the coaches in the 
intervention group responsible for the execution of the program, each lasting between 25-
30 minutes. They were invited to the interviews via emails, and all consented to 
participate. Additionally, six of the players participated in a 60 minutes, semi-structured 
focus group interview. They were selected and invited by the head coach based on 
various age and experience levels. All interviews were conducted by AIM 
(physiotherapist and PhD student), who had previous experience with conducting semi-
structured interviews. The interviewees did not know of the interviewer in advance, but 
they received information about her role in the study and rationale for the interviews 
before interviews started. All interviews were conducted in-person at the Norwegian 
School of Sport Sciences with only the participants and the interviewer present. Both the 
coaches and the group of players were asked questions about what they liked/disliked 
about the program, what they would change about the program and general feedback 
about facilitators and barriers for implementation and use of injury prevention programs. 
The results from the lab testing and survey data were not presented to the coaches or 
players prior to the interviews. Sound recordings from interviews were transcribed and 
thematically synthesized subsequently. Interview guides (See appendix 8.3) were not 
pilot tested, and no repeat interviews were carried out. Data saturation was discussed 
between co-authors. Transcripts were not returned to interview subjects for further 
comments/corrections primarily due to logistical constraints and time limitations and 
given the straightforward nature of the interview process. 

As part of the focus group interview, the six players were also involved in a design 
thinking activity (Plattner, 2016) used to pull out ideas on how to design an exercise-
based injury prevention program players would like to utilize long term. The design 
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thinking method contains 5 different stages: 1) Empathize (what is the users’ needs), 2) 
Define (state the users’ needs and problems), 3) Ideate (challenge assumptions and create 
ideas), 4) Prototype (create your solution), and 5) Test (try out your solution) (Plattner, 
2016). For this interview, the problem was already defined and stated to the players: 1) 
How can we, as researchers, coaches or others, help encourage players to perform IPT 
frequently, 2) How can this program become more enjoyable? and 3) Do you have any 
suggestions for how you can integrate IPT as part of your weekly training schedule?. 
They were given one problem at a time and asked to challenge assumptions and create 
ideas (stage 3) and create a solution (stage 4). All interviews were audio recorded. 

4.3.4 Patient and public involvement 
The players were not involved in the design, conduct, reporting, or dissemination plans of 
this research. However, the coaches from both the intervention and control group were 
involved in the planning and design of the intervention prior to baseline testing. 
Secondly, one of the coaches was invited to a meeting with TK to work out the 
intervention details. Prior to intervention start, the players took part in a lecture on study 
and exercise selection rationale. 

4.3.5 Statistical analysis  
Power analysis and sample size justification was made for the main objective of the 
randomized controlled trial (e.g. changes in KAM), but not for the exploratory and 
qualitative nature of the usability assessment. Spearman’s rho (rs) was used to assess 
correlations between the hypothetical constructs and changes in KAM. Qualitative 
Description methodology (Sandelowski, 2000) was used to thematically analyze the 
interview data and was conducted by AIM. Qualitative description methodology is a 
research approach used in qualitative research to explore and describe a specific 
phenomenon or topic in a detailed and comprehensive manner. For the coaches, themes 
emerged if two or more coaches reported on them. For the focus group interview with 
players, themes emerged based on individual contributions and discussion in the group. 
Interviewees did not provide feedback on findings. 

4.4 Results 
Twenty players were included in the analyses including changes in KAM. One player 
was excluded from the study early due to an injury, and two players were excluded from 
post lab testing analyses due to a broken wrist and post-Covid, respectively. Two players 
were excluded from survey data analyses, one due to early intervention exit due to injury 
and one due to aberrant responses. For demographic data of the players and coaches, see 
Table 4.1. 

Table 4.1. Demographics 

Players 

Age 
(years)  
mean (sd) 

Body 
Mass 
(kg) 

Height (m) 
mean (sd) Level of Play 

Number of 
Technique 
Sessions 

Number of 
Strength 
Sessions 
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mean 
(sd) 

mean (sd) mean (sd) 

n=21 16.71 
(1.10) 

69.33 
(8.20) 

1.75 
(0.06) 

Level 1: 3 
Level 2: 10 
Junior: 2 
Girls 2006: 6 

17.25 
(3.27) 

18.25 
(3.70) 

Coaches 

Age 
(years)  
mean 
(range) Sex  

Years of 
Experience 
mean (range) 

  

n=4 40.5  
(26-53) 

Female: 2 
Male: 2 

12.5 
(2-25) 

  

 

4.4.1 Correlations between usability characteristics and 
improvement in KAM  

Reduction in KAM significantly correlated with perceived effectiveness on reducing 
ACL injury risk (rs -0.52, 95% CI -0.78, -0.10, p = 0.02) and the players’ intention to use 
the program (rs -0.46, 95% CI -0.75, 0.03, p = 0.04), where a higher score on these items 
was correlated with a reduction in KAM. See Figure 3.3.  

 

Figure 4.3. Correlation between usability characteristics and improvements in KAM.  
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4.4.2 Usability characteristics affecting use of program 
Narrative findings and quotes from interviews with players and coaches are presented in 
Table 4.2. Players had mixed feelings about the ACL injury prevention intervention. 
They appreciated perceived improvements in some exercises, while expressing concerns 
about program length, and doubts regarding exercise effectiveness and transferability 
(e.g. cutting tasks). The perceived effectiveness and improvements in some exercises and 
tests motivated players, but they were generally not highly motivated to continue it 
without previously demonstrated proof of its effectiveness in reducing ACL injury risk. 
Coaches had similar concerns about program length and doubts about its effectiveness, 
with a reluctance to continue using it after the research period. They emphasized the 
importance of clear communication, information, and referencing research to motivate 
players and facilitate program adoption. Overall, both players and coaches highlighted 
the need to balance program effectiveness with practicality and clear communication 
about its purpose and benefits.  

Table 4.2. Narrative findings and quotes from interviews with coaches (n = 4) and players 
(n = 6) 

Questions Coaches Players Quotes 
 
 
 

What did you 
specifically 
like about the 
exercise 
program? 

Purpose and potential 
value: Two of the four 
coaches said they liked 
the purpose of the 
program, namely 
preventing ACL injuries 
in handball.  
Strength exercises: 
Three coaches liked the 
strength exercises and 
particularly focusing on 
exercises for external 
rotation of the hip.  

Perceived effectiveness: 
Players appreciated 
exercises that they felt 
were effective and those 
that showed noticeable 
improvement. They 
especially liked the 
clamshell exercise as they 
could feel that this exercise 
was very effective while 
they were doing it.  
Integration into warm-
up: They appreciated that 
the program could be used 
as part of their warm-up, 
since they had to spend 
time on that anyway. 
Although, they did agree 
that playing soccer as a 
warm-up was more fun. 
Program Content 
Variation: The players 
liked that there were some 
exercise variations 
introduced during the 
intervention period. 
Relatedness: Most 
exercises were related to 
handball 

Coach: “I cannot say 
something that I really 
like about this 
program… I don’t have 
any preconceptions 
about what I like when I 
am not sure if it will 
work or not.” 
Coach: “I did like the 
strength exercises a lot. 
We saw that the boys fell 
far behind the girls [on 
those exercises] since 
they had not been a part 
of the 8 week 
intervention.” 
Player: “The clam 
exercise was very good. 
…I felt that I worked 
hard with my knee in 
that exercise specifically, 
and felt I got stronger in 
that exercise 
specifically.” 
Player: “Glad that it was 
a warm-up so we could 
easily slide into the rest 
of the handball session 
and be more efficient” 
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Exercise Purpose: The 
players found the purpose 
of the exercises easy to 
understand. 

 
 

What did you 
specifically 
dislike about 
the exercise 
program? 

Program length: Three 
out of the four coaches 
said that the program was 
too long. They spent up to 
40 minutes on the 
program in the beginning. 
This was time taken away 
from the 90 minutes the 
team had available to play 
handball or work on 
specific skills etc.  
Doubts about cutting 
task effectiveness and 
transferability: All four 
coaches questioned the 
potential value of the 
cutting tasks and their 
ability to change cutting 
technique in this age and 
with this method, in 
addition to the cutting 
tasks’ transferability to 
actual gameplay. Three of 
the coaches said the 
cutting task seemed 
“artificial”, not handball 
specific enough. Even 
though one might see an 
effect on the cutting task 
test in the lab, the coaches 
were skeptical one would 
see this technique change 
in a game-like 
environment where 
external factors are 
present.  
Exercise feasibility: The 
calf raise exercise was 
especially challenging to 
execute properly without 
proper equipment. The 
coaches responsible for 
the strength training 
reported that they did not 
believe they got the 
desired effect from this 
exercise.  

Program length: They 
thought the program was 
too long and it 
substantially reduced their 
time to play handball. 
Players suggested that the 
program would be more 
feasible and motivating if it 
were shorter in duration or 
added in addition to the 
time originally designated 
to play handball. 
Doubts about cutting task 
effectiveness and 
transferability: The 
players had limited 
confidence that the cutting 
task would have any 
transfer to a game where 
the ultimate goal is to 
outmaneuver the opponent 
and score. The players 
discussed the challenge of 
focusing on proper 
technique during cutting 
tasks and how it might 
affect their game 
performance. They 
recognized the uniqueness 
of each player's technique 
and the difficulty in 
intentionally changing it. 
Exercise feasibility: The 
calf raise exercise was hard 
to get done properly and 
did not feel effective. 
There seemed to be an 
agreement that calf raises 
was easy and boring, the 
clam exercise was hard and 
great, and the side plank 
exercise was hard, but 
provoked pain for several. 
They needed to pair up to 
conduct some of the 
exercises, which made it 
harder to execute them 
twice weekly if one lost a 
session.  

Coach: “It took too much 
time. [To spend] 20 
minutes is okay, but 40 
minutes is too much.” 
Coach: “The 
circumstances under 
which we, during a large 
part of this intervention 
period, exercised cutting 
technique seem to have a 
low transfer value to a 
game. It is not specific 
enough, it is too simple, 
technical features that I 
don’t believe have any 
transfer value to when 
they are on the handball 
court….That was 
perhaps the most 
difficult, the technical 
aspects of the cut, how it 
should be executed, 
knowing what to look for 
and how effective that 
actually is with regard to 
the cut.”     
Coach: “Calf raises 
were hard to execute 
properly. It was more 
tiring to be the person 
providing external load 
than to be the person 
performing the calf 
raises….It was hard to 
apply enough load. I 
mean, they did use their 
calf muscles, but not 
close to a maximum 
effort, if that was 
supposed to be the 
purpose.” 
Player: “It ate up time to 
play handball, a large 
amount of the original 
handball time got lost, so 
perhaps this should have 
been added in addition 
to, as opposed to instead 
of.” 
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Perceived effectiveness: It 
was hard to notice any 
improvements in some 
exercises, which then felt 
meaningless and 
influenced their motivation 
for conducting them.  

What other 
factors affect 
your 
willingness to 
use this 
program? 
 
Barriers  

Facilitators 

Lack of proof: Two 
coaches indicated that it 
was hard to say anything 
they actually liked about 
the program, that it was 
something they just had 
committed to do and that 
it all depended on the post 
test results. None of the 
coaches said that they 
would like to continue 
using the program after 
the research program was 
over. They were all 
interested in using some 
elements from it, but three 
of the coaches said these 
elements would need to 
be proven effective before 
they were to consider 
implementing them (e.g., 
strength exercises and/or 
cutting task). 
Integration with existing 
training routines: Two 
coaches mentioned that 
they would need to 
integrate parts of the 
program where they fit in 
and fall naturally based on 
the rest of the session and 
weekly schedule and 
focus on normalizing it. 
Communicating purpose 
and potential value: 
Coaches highlighted the 
importance of 
communicating the 
program's purpose and 
potential value in injury 
prevention. They believed 
that emphasizing the 
program's goal of 
preventing ACL injuries 
could motivate players 

Evidence and Testing: 
Players expressed a desire 
for evidence of the 
program’s effectiveness 
and frequent objective 
measures to enhance 
motivation. They 
emphasized the importance 
of testing during the 
intervention period to track 
their progress. While not 
highly motivated to 
continue with the same 
program, players expressed 
openness to it if the results 
of the intervention study 
showed its effectiveness. 
This indicated that 
perceived effectiveness 
played a significant role in 
their willingness to 
continue. 
Attitude: The players said 
they associate IP exercises 
with easier exercises that 
do not feel very effective 
immediately. The players 
indicated that IPT does not 
feel like “training”. 
Perceptions and 
communication of IPT: 
The players said they know 
why they are doing IPT 
and emphasize the 
importance of getting in-
depth information and 
understanding the purpose 
of the exercises. However, 
players acknowledged that 
they typically need to be 
told to do injury prevention 
training, which can have a 
negative association. They 
emphasized the need for a 
positive association with 
such training and stressed 

Coach: “I think it is 
really important that we 
look at the results. If we 
are doing something this 
specific for injury 
prevention it is 
important that we know 
exactly what works and 
not…If the results are 
really positive, that it is 
a gamechanger, then 
yes, we should use it, of 
course….then it is also a 
bit easier to sell it to the 
girls. Then they are not 
part of a project to see 
how it goes, then you can 
say that it is actually for 
them.” 
Coach: “It is not fun to 
do this program, that 
must be said…It is not 
fun exercises. But there 
is not much injury 
prevention training that 
is fun, you do it because 
it works and you want to 
be able to still play 
handball.” 
Player: “We are doing it 
for our own sake, and it 
should be motivating 
enough in itself to not 
get injured. It just 
doesn’t feel like we are 
‘training’ [when doing 
IPT]” 
Player: “It would have 
been motivating if we 
knew that this program 
was actually really 
effective for preventing 
ACL injuries, that it was 
proven to help” 
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and serve as a facilitator 
to use. 
Enjoyability: Two 
coaches stated that injury 
prevention is never fun, 
and especially when the 
alternative is to spend 
time on playing handball. 
Two coaches also said 
that it does not have to be 
fun as long as the players 
know that it works and 
understand its importance, 
but at this point they did 
not yet know if it would 
be worth it.  

Change of routines: 
Three coaches 
emphasized that these 
players are very set in 
their routines, and that it 
is difficult for them to be 
told to do otherwise. They 
lost their weekly training 
structure, they had to add 
an additional strength 
session, and they had to 
do strength training 
before practice, making 
some players afraid of 
tiring their muscles before 
playing handball.  

the importance of 
understanding the purpose. 

Player: “It’s IPT, it has 
to be done regardless of 
how much time it takes” 
Coach: “It has to be 
implemented as a 
normality…I would 
avoid implementing it as 
one single block…I think 
there are rich 
opportunities to 
implement this, but it has 
to be implemented using 
parts of the program 
where they fall naturally 
in our training.” 
Coach: “They have to 
know it is important. 
Many players don’t like 
to go to the gym and do 
strength training, but 
they do it because they 
know it is important for 
them. They do it even 
though it is not very 
fun.” 

 

4.4.3 Design Thinking  
From the collaborative ideation and prototyping session, key themes in the generated 
ideas included optimizing time efficiency, breaking down the program into manageable 
parts, emphasizing the program's purpose and rationale, utilizing rewards and 
punishments, introducing exercise variations, incorporating IPT into warm-ups, 
addressing stakeholder attitudes, and adapting equipment. In total, 31 ideas were 
generated between two groups. The highest-rated ideas focused on reducing the time 
commitment, spreading IPT across multiple sessions, and introducing playful elements to 
the exercises. Prototyping suggestions included modifying sets and reps, integrating IPT 
into existing playful activities (e.g., cannonball, tag games), adding competitive elements 
within the exercises, and creating obstacle courses where IPT exercises are also included. 
See Table 4.3 for a summary of the procedure and results.  
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Table 4.3. Design Thinking Approach 
CONTEXT 

2 groups, 3-5 min per question, 1 idea per post-it, discuss and build off each 
other’s ideas 

Generate ideas for 
1) "How we, as researchers, coaches or others, can help encourage players to 

perform IPT frequently" 
2) "How can this program become more enjoyable?" 

3) "Do you have any suggestions for how you can include IPT as part of your 
weekly training schedule?" 

Prompts: 
You have all the time, money, and resources in the world. 

Try to let go of the attitude "IPT is not fun, just something we have to do". 
Imagine it is possible to make IPT fun - how can we make this fun? 

IDEATE - RESULTS 
(CHALLENGE ASSUMPTIONS AND CREATE IDEAS) 

Group 1: 14 ideas generated, Group 2: 17 ideas generated 

THEMES EMERGED: 
TIME (n=7): 

 
SPLIT UP PROGRAM (n=6): 

 
PURPOSE/RATIONALE (n=6): 

 
 

REWARD/PUNISHMENT (n=4): 
 
 

VARIATION (n=3): 
WARM-UP (n=3): 

STAKEHOLDER ATTITUDE (n=3): 
 

EQUIPMENT (n=2): 
 

Assorted singles statements (n=8): 

 
Shorter duration of IPT and/or add 
more time to each handball session. 

Implement a few exercises each 
session, not one long block. 

Focus on, and clearly explain, purpose, 
and importance of program and 

potential. consequences on injury risk 
and performance. 

Get a reward for completion, reward 
the one with greatest results, or use 

exercises as punishment in 
competitions. 

Vary and swap out exercises. 
IPT as part of the warm-up 

Communicate in a positive manner 
about IPT/program. 

Exercises with elastic bands or weights 
instead of partners. 

Add IPT to end of low-intensity 
sessions, plan training week 

individually and take responsibility to 
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get IPT done, use role models, inform 
the club, add playful activities, look at 
statistics of previous test results, fewer 

sets/reps, add strength exercises to 
current strength program. 

RATE THE BEST AND SECOND BEST IDEA 
"Our goal is to design an IP program that you find okay to use long term. We 

know that you didn't enjoy this program and was happy when the 8 weeks were 
over. So which idea can we build on to address this issue - making IPT feel quite 

alright to do and something that feels natural for you to implement in your weekly 
training schedule?" 

BEST IDEA: 
“Not spending so much time on it” - 4 best votes, 1 second best vote 

“Do a little bit each session” - 1 best vote, 1 second best vote 
“Add some playful components into the exercise” - 1 best vote 

(“focus on consequences” got two second best votes, and “work towards a 
reward” and “more variation” both got one second best vote) 

PROTOTYPE - RESULTS 
(FIND A SOLUTION) 

“Design the program that you find reasonable with regard to time use” 

1. Cut down on set and reps (especially the side push exercise, 6x6 reps) 
2.  Spread it out over three sessions instead of two 

3. Remove the calf raise exercise 

“If you think about the idea of spreading it out more, how would that look?” 

1. Can do the same exercises, but split up and spread it out over all weekly 
sessions 

2. 10 minute per session feels like a cut-off 
Since we have to do a warm-up anyway, 10 minutes is fine 

“If you think about the idea of making IPT part of a more playful activity, can 
you design a playful activity?” 
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1. The exercises can be added to most of the playful activities we are already 
doing (e.g., cannonball, tag games) 

2. Include in competitive games, where you have to do IPT when you lose 
3. Make the IPT exercise itself a competition (e.g., standing in the plank 

position the longest) 
4. One group plays a game, the other do IPT, then we swap 

5. If it does not have to be these exercises, we can learn from gymnastics 
where they jump around with weights and stuff 

6. Make an obstacle course including the IP exercises, but also more fun 
stuff in between 

7. Circuit training format 
 

4.5 Discussion  
A team of female handball players tested out a new injury prevention program for 9 
weeks, and two factors stood out as important reasons for why this intervention will not 
be adopted by this team for long term use: efficiency and perceived effectiveness. 
Coaches and players expressed concerns about the program's length, which significantly 
encroached upon their practice time, and harbored doubts regarding the efficacy and 
transferability of certain components, such as the ability to alter players’ cutting 
technique to prevent ACL injuries. Notably, none of the coaches favored continuing the 
program post-intervention period due to insufficient evidence of its effectiveness, the 
substantial time commitment, and its inflexible design.  

Perceived effectiveness, efficiency and enjoyability were factors identified as barriers and 
facilitators for program use. This is in line with previous studies (Minnig et al., 2022; 
Moesch et al., 2022). In a literature review, Minnig et al. (2020) report that time was the 
biggest barrier for implementing evidence-based injury prevention programs noted by 
coaches. Lack of importance placed on the program and lack of player motivation were 
other barriers identified in their review, which can be considered part of intrinsic 
motivation and enjoyability. Similarly, the results of this study to a great extent mimic 
findings from Moesch et al. (2022). They reported that about 10-15 minutes of injury 
prevention training per session seem feasible, exercises that the players understood the 
purpose of, experienced improvements in, and considered handball-specific increased 
their motivation. Additionally, including competitive elements and variation in exercises 
was appreciated, whereas requiring specific resources was a perceived barrier.  

The interviews identified program flexibility, or rather lack thereof, as an important 
factor for use among both coaches and players. The coaches indicated that if the program 
was already proven effective in reducing ACL injuries, they would be more inclined to 
adopt parts of it, but they would organize it differently and integrate specific elements of 
the injury prevention program where they fell naturally regarding the rest of their training 
session. Previous literature has also proposed that the intervention needs to be flexible 
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and delivered in a “propose”, rather than “impose” manner, allowing the coaches to adapt 
the intervention based on the needs and resources of the team (Bruder et al., 2024; 
Hawkinson et al., 2022; Minnig et al., 2022).  

Some coaches and players appreciated the program's purpose of preventing ACL injuries 
and found value in certain exercises, particularly those related to strength and external hip 
rotation, while others had reservations. Overall, the coaches' feedback highlighted a need 
for balancing program effectiveness with practicality and ensuring clear communication 
about its purpose and benefits, stressing the importance of communication, information, 
and referencing research to motivate players and facilitate program adoption. While the 
players appreciated perceived improvements in certain exercises, they also desired more 
evidence of their effectiveness in reducing injuries and/or improving performance. 
Although lack of importance placed on the program was identified as a barrier in the 
review by Minnig et al. (2022), their recommendations for facilitating implementation of 
injury prevention programs does not explicitly include communication and information 
about rationale and evidence of effectiveness targeted to the players to increase their 
motivation. Nonetheless, the exceptionally high motivation to improve performance in 
this sample may have negatively influenced the ease with which the research team and 
coaches could convince them to incorporate such exercises before strong evidence for 
their effectiveness and value exists. 

In general, injury prevention training was seen as a necessary but unenjoyable task 
among the players, highlighting the importance of communication about, and 
understanding of, its purpose. When asked for program design ideas, players leaned 
towards shortening the program, splitting it up into shorter blocks and making it more 
playful, indicating that time-efficiency and enjoyment affects adherence. Most of their 
ideas to improve enjoyability seem reasonable and possible to incorporate (e.g., obstacle 
courses, tag games, circuit training). Similar formats have been suggested in previous 
research where end-users were involved in program development (Ageberg et al., 2022). 
Additionally, incorporating some form of competition and feedback on improvements 
(e.g. force measures) seem to be motivating factors for these players. However, the 
players indicated that as long as they knew that it would be effective in reducing ACL 
injury risk, they would be inclined to do it even though it might not be fun. 

On the same note, reduction in KAM was significantly correlated with players’ perceived 
effectiveness in reducing ACL injury risk. This may indicate that as long as stakeholders 
(e.g. coaches) are able to communicate to the players that the intervention will reduce 
their injury risk, the program does not have to be perceived as enjoyable to have an effect 
on injury risk. Coaches’ buy-in has in previous studies been reported as the crucial first 
step of injury prevention implementation and having the players do the program (Bizzini 
& Dvorak, 2015; Minnig et al., 2022; Padua et al., 2014; Root et al., 2019). For example, 
when coaches utilize the IPPs (e.g. compliance > 50%) in research settings, compliance 
rates among players are close to 90% (Sugimoto et al., 2012, 2017).  



 

57 
 

On the other hand, poor player buy-in has been reported as a barrier for implementation, 
indicating that coach buy-in alone is not enough for long-term implementation (Minnig et 
al., 2022; Owoeye et al., 2020). Behavioral theories such as the Self-Determination 
Theory and previous research on youth handball players suggest that IPPs need to be 
made more enjoyable to increase likelihood of use (Ageberg et al., 2022, 2024; Chan & 
Hagger, 2012; Moesch et al., 2022; Møller et al., 2021; Ryan & Deci, 2000). Although 
player enjoyment did not significantly correlate with injury risk reduction (e.g. reducing 
KAM), there is reason to believe that player enjoyability will affect long-term use of the 
program.  

This study underscores the need for a holistic approach to exercise intervention 
development and design. This is in line with previous research (e.g., Prep-to-Play and I-
PROTECT) where end-users at different organizational levels were extensively involved 
in the development of new injury prevention programs (Ageberg et al., 2024; Bruder et 
al., 2023). For instance, the Prep-to-Play PRO IPP yielded high implementation, likely 
affected by the program’s flexibility and engagement of various stakeholders throughout 
the development and implementation phase (Bruder et al., 2024). However, such 
approaches are notably intricate, time-intensive, and resource-demanding. Alternative 
methods, like surveys or usability scales employed in this study, may offer a streamlined 
means of identifying barriers and gauging the likelihood of adoption. Nonetheless, the 
creation and validation of such tools must precede their deployment, ensuring their 
efficacy as efficient substitutes for more exhaustive methods such as workshops. 

4.5.1 Limitations 
A notable limitation was the relatively small sample size, only including one team and 
their coaches, which impacts the generalizability of the findings. The players 
participating in this study are ambitious and play at a relatively high level (Müller-Kuhne 
et al., Unpublished data), and the barriers and facilitators may be different for a different 
sample of players (e.g. younger, less ambitious 

 

4.6 Conclusion 
This study found that coaches and players did not want to continue using the newly 
developed ACL IPP outside a research setting, particularly due to their lack of belief in 
the program’s effectiveness, enjoyability, flexibility and time. Furthermore, supporting 
previous literature, these factors seem to be important to target when designing 
sustainable injury prevention programs. Usability testing and end-users’ involvement 
throughout the design and development process is essential to maximize sustained IPP 
use. Even in the presence of highly effective prevention programs, their value is 
diminished if we cannot facilitate acceptance and adoption by the target population. 
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4.7 Clinical implications 
This study supports the need for a holistic approach to injury prevention program 
development and implementation, focusing not only on efficacy but also on usability, 
communication, and athlete engagement. The results of this study is in line with previous 
research on barriers and facilitators to IPP use, however, the importance of player 
enjoyability seemed less clear in this population. In this study, we discovered that 
employing the design thinking approach to co-create or modify injury prevention 
programs may be beneficial, suggesting its potential as an innovative and collaborative 
strategy for enhancing program effectiveness. 
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5 EVALUATING THE PULSE OF EXERCISE 
PROGRAMS: DEVELOPING AND VALIDATING THE 
INTERVENTION USABILITY SCALE FOR EXERCISE 
(IUSE) TO ENHANCE IMPLEMENTATION AND 
ADHERENCE 

 

5.1 Abstract 
Objectives: This study aimed to develop and assess the psychometric properties of the 
Intervention Usability Scale for Exercise (IUSE). 

Methods: Item generation and content validation involved cognitive interviews and 
feedback from eight exercise intervention stakeholders and ten target users from the 
general public. Subsequently, 526 target users from University, Qualtrics and Prolific 
participant panels assessed exercise programs through an online survey. Dimensionality 
was assessed using PCA, EFA/CFA, and bifactor models. Item reduction was conducted 
through Item Response Theory (IRT) graded response models, assessing discriminability, 
item information levels/patterns and differential item functioning. Test-retest reliability 
was assessed using Pearson’s r. Subsequently, short vs. original scale versions were 
compared. Finally, evidence of criterion, convergent, and discriminant validity was 
assessed. 

Results: Thirty-six items were initially included, with 16 removed due to low test-retest 
reliability and factor loadings (r < 0.50). A 3-factor structure emerged from EFA, PCA, 
and bifactor models: Value, Ease of Use/Learnability, and Social. Iterative IRT 
evaluation led to 12 item removals, resulting in 8 final items across three subscales. 
Validity analyses indicated good convergent (e.g., r = 0.79 with Intervention 
Appropriateness Measure, r = 0.65 with Intervention Usability Scale), criterion (e.g., r = 
0.71 with Net Promoter Score and 0.75 with intention measures), and discriminant 
validity (r = 0.42 with External Motivation), along with satisfactory internal consistency 
(Cronbach's alpha: 0.79-0.84). 

Conclusions: The IUSE scale demonstrated promising psychometric properties. 
Application of the scale with collection of actual uptake/adherence data is needed to 
assess predictive validity. 

Keywords: implementation, exercise, uptake, psychometrics, physical activity 

 

Footnote: The material contained in this chapter is in preparation for submission to the 
British Journal of Sports Medicine. 
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What is already known on this topic  

• Usability testing is commonly used as part of product development and testing in 
domains such as technology, due to its ability to detect barriers to use and 
implementation likelihood. 

• To our knowledge, no usability scales has been developed that sufficiently 
assesses the usability of exercise programs. 

What this study adds  

• This study introduces a new measure for assessing usability of exercise programs, 
namely the Intervention Usability Scale for Exercise - IUSE scale. 

How this study might affect research, practice or policy  

• The IUSE can be an efficient and valuable tool for exercise program developers, 
both within research and clinical practice in that it can help identify potential 
barriers to program use. However, future studies are needed to add evidence to the 
predictive ability of the scale where actual adherence is assessed as opposed to 
intention to use the program. 

 

5.2 Introduction  
Extensive research has documented the positive effects of exercise interventions and 
physical activity on both preventing and treating a large number of diseases, conditions, 
and injuries (Pedersen & Saltin, 2015). Consequently, guidelines for physical activity 
have been provided for the world’s population, recommending 150-300 minutes of 
moderate-vigorous aerobic exercise and two sessions of muscle-strengthening exercises 
weekly (U.S. Department of Health and Human Services, 2018; World Health 
Organization, 2022). Nonetheless, the World Health Organization and the Center for 
Disease and Control and Prevention states that about 1 in 4 people globally and in 
America meet the recommended guidelines for physical activity (< 20 % of women, < 30 
% of men). Adherence to most types of prescribed exercise interventions remains an issue 
and substantially limits the value of evidence-based, highly effective exercise programs.  

Targeting the development and design of exercise interventions by employing usability 
testing might be one way to increase adherence (Petushek & Donaldson, 2020). Usability 
is defined as "the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction in a specified context of 
use." (International Organization of Standardization (ISO), 2018). For exercise 
intervention usability, the ISO definition applies by simply replacing “a product” with 
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“an exercise intervention”. Usability testing helps detect barriers to, and likelihood of, 
product use, and is commonly employed in product development and testing in other 
domains, such as technology (Hass, 2019; Keenan et al., 2022; Mator et al., 2021).  

Several usability scales have been developed for different purposes. To our knowledge, 
usability testing within exercise medicine is a novel approach, and no existing scale 
seems directly applicable for assessing exercise interventions. Many existing usability 
scales do not incorporate behavioral/psychological theories such as the Self-
Determination Theory and Theory of Planned Behavior (Ajzen, 1985; Ryan & Deci, 
2000), which are proposed to predict intention to use rehabilitation and prevention 
programs (Chan & Hagger, 2012). Similar disciplines more familiar with 
uptake/adherence, such as Implementation Science, Theoretical Framework for 
Acceptability, and Health Information Technology Acceptance Model, are all concerned 
with factors affecting use/behavior. Hypothetical constructs and items seem to 
substantially overlap between usability scales and scales in behavioral disciplines, and 
each discipline may provide valuable insights to the usability assessment of exercise 
programs. Moreover, there is a need to integrate and adapt these various measures 
specifically for exercise interventions. 

In an attempt to improve usability of prescribed exercise interventions, we introduce the 
development of the Intervention Usability Scale for Exercise (IUSE). The aims of this 
study were 1) to develop and assess construct coverage, content validity, and 
comprehension of IUSE, and 2) to further develop, refine and add validity evidence to the 
IUSE through assessment of dimensionality, reliability, item reduction and hypothesis 
testing (e.g., relations to other variables and intervention study). 

5.3 Methods  
5.3.1 Equity, diversity, and inclusion statement 
Our study population included a diverse sample of the general US adult (>18 years) 
population (e.g., different ages, genders, ethnicities, and activity levels). The 
generalizability of this study does neither extend beyond English speakers nor adults.  

5.3.2 Development of the first version of IUSE 
The foundation of scale development is assessing and revealing its psychometric 
properties (e.g., reliability and validity evidence) (American Educational Research 
Association, 2018). Both the COSMIN (COnsensus-based Standards for the selection of 
health Measurement INstruments) taxonomy of measurement properties (Mokkink, 
Terwee, Patrick, et al., 2010) and the Standards for Educational and Psychological 
Testing (2014 ed.) have developed guidelines for measuring the validity of interpretations 
of scale scores for the intended scale uses. Adding validity and reliability evidence to a 
scale requires multiple data collections and statistical analyses and it is typically divided 
into three phases: 1) familiarizing with, and identifying, the domain and subsequently 
generating and pretesting hypothetical constructs and items, 2) assessing the factor 
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structure or dimensionality of the scale, and reliability, and 3) adding validity evidence 
(e.g., convergent/discriminant and criterion validity) (Boateng et al., 2018). 

Figure 5.1 briefly summarizes the methodological approach and data collections for this 
study. Data collection 1 and 2 were used in item generation and evidence of content 
validity, whereas data collection 3 was used for assessing dimensionality, further validity 
evidence (e.g., convergent, discriminant and criterion validity), internal consistency, test-
retest reliability, and hypothesis testing. 

 

Figure 5.1. Flow chart of data collection and analyses. 

For data collection 1, exercise intervention stakeholders were invited to a Zoom meeting 
with one researcher where they were 1) asked what characterizes a good exercise 
program, 2) given a pre-mortem case of an unsuccessful program adoption where they 
had to generate reasons it failed, 3) asked to evaluate the definition of exercise 
intervention usability, 4) evaluate the coverage of constructs (e.g., relevance, redundancy, 
missing) and items affiliated with them (e.g., clarity, relevance), and 5) rate the two most 
important constructs for assessing exercise intervention usability. The meeting was audio 
recorded and deleted once analysis was conducted. Thematic and consistency analysis 
were used to synthesize and incorporate stakeholder feedback to create a first version of 
the IUSE scale.  

Subsequently, item readability analysis was conducted through Originality.ai. This 
artificial intelligence-generated, online tool automatically calculates a variety of 
readability statistics (e.g., Flesch-Kincaid Grade Level, Automated Readability Index, 
SMOG Index, Dale-Chall Readability Grade etc.) for texts. The readability was set at 
high-school level or below and items were modified if needed. 
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The items were further tested with a sample of target users through cognitive interviews 
conducted via Zoom to ensure response processes aligned with the item goal in addition 
to comprehensiveness. The participants were presented with an exercise program and 
asked to familiarize with and pretend it was prescribed to them. Subsequently, they used 
the first version of the IUSE scale to assess the usability of this exercise program. They 
were asked to “think aloud” during the whole interview to help ensure that they 
understood and interpreted the item as intended. Items were subsequently modified if 
needed.  

5.3.3 Sample  
For data collection 1, five stakeholders for developing and implementing/prescribing 
exercise interventions (e.g., coaches, physical therapists, athletic trainers and researchers) 
from a diverse population were recruited (Boateng et al., 2018; Macefield, 2009; Nielsen 
& Landauer, 1993), in addition to four stakeholders authoring this paper. For data 
collection 2, a sample from the target population (n = 10) was recruited for 
comprehension purposes, supporting the readability analysis. The target population refers 
to individuals that are prescribed an exercise intervention (e.g. Physical Activity 
Guidelines for Americans). The target users were purposely sampled, aiming at persons 
with a comprehension level of high schoolers or higher and with various experiences with 
exercise. Sample sizes were based on previous literature on scale development and 
usability testing (Boateng et al., 2018; Macefield, 2009; Nielsen & Landauer, 1993). Both 
stakeholders and target users were recruited through word of mouth and our personal 
network of colleagues within the healthcare, sports medicine and implementation science 
community, and everyone gave consent to participate prior to recording. 

For data collection 3, participants were recruited from the student pool at a Midwestern 
Technological University (e.g. Introductory to Psychology) and from two online panels 
(e.g., Qualtrics and Prolific). With our three sampling sources, we aimed at recruiting 300 
or more participants representative of the U.S. adult population (e.g., 50 % female, 
average age of ~38 etc.). The sample size is based on previous studies reporting sample 
sizes needed for conducting factor analyses and item response theory (IRT) (Boateng et 
al., 2018; W.-H. Chen et al., 2014; Comrey & Lee, 2013; Macefield, 2009; Nielsen & 
Landauer, 1993). Recommended sample sizes for scale development studies vary, with 
the lowest reported sufficient sample size detected in previous studies is n = 75-100 (W.-
H. Chen et al., 2014; Houts et al., 2006). Comrey & Lee (2013) have suggested that 
sample sizes for scale development of 100 = poor, 200 = fair, 300 = good, 500 = very 
good and >1000 = excellent (Comrey & Lee, 2013). Other studies report that the rule of 
thumb in scale development is that the sample size should include a minimum of 10 
respondents per item in the scale (Morgado et al., 2017; Nunnally & Bernstein, 1994). 
For IRT purposes, responses on each item should cover all response options (e.g. avoid 
“null” values) and a larger sample size is likely to cover all options.  
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5.3.4 Intervention Usability Scale for Exercise (IUSE)  
Items for the IUSE scale were generated based on a literature review of existing scales 
and theories, known facilitators/barriers to exercise intervention uptake and adherence 
from previous studies, and stakeholder interviews. The response options were either 
presented in a semantic differential format with 5 points (e.g. Boring to Fun) or in a 5-
point Likert scale format (Strongly Disagree-Strongly Agree). Scales of five or more 
points improve reliability, and when there are no strong floor or ceiling effects, they can 
be treated as continuous items in confirmatory factor analysis and structural equation 
modeling (Boateng et al., 2018).  

5.3.5 Online survey  
To collect responses on the IUSE scale, surveys were conducted through Qualtrics 
(Qualtrics, Provo, UT). All participants provided their consent to participate in the study 
before the survey started. Participants were randomized into two groups. Both groups 
were presented with an exercise program (see details about programs below) and asked to 
use the IUSE to evaluate the usability of it (See Figure 5.2 below). After the usability 
assessment, they were presented demographic questions (e.g., age, gender, exercise 
background), in addition to items from other scales measuring usability and 
implementation likelihood. The University sample was further presented with either the 
same program or the other program and asked to assess the usability of it using the IUSE 
scale before ending the survey. Figure 5.2 shows the flow of participation. 

 

Figure 5.2. Flow chart of study participation. 

5.3.6 Exercise program 
One of two different exercise programs was presented to the participants in the survey, 
both of which were based on recommendations for adult Americans regarding weekly 
strength training (e.g. moderate/high intensity muscle-strengthening exercises involving 
all major muscle groups twice weekly). Strength training has positive effects on bone 
mass, lean mass and tensile strength, and are typically important in exercise interventions 
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prescribed for prevention, preoperative, postoperative, and treatment of musculoskeletal 
injuries (Shaw et al., 2016). One of the programs, Program Low (PLow), was designed to 
have low usability and the other program, Program High (PHigh), was designed to have 
high usability. The design was informed by known barriers and facilitators for adherence 
to exercise interventions (e.g., resources, time-commitment, flexibility, comprehension, 
feasibility). For instance, Plow was presented through a pamphlet with drawings and text 
descriptions. It was expected to take ~80 minutes to complete (8 exercises, 3 sets, 3 in 
rest between sets) and it required gym equipment. PHigh was presented through a ~6 min 
video with 3D animations and comprehensive explanations and rationale. It was expected 
to take ~20 minutes to complete (4 exercises, 2 sets, circuit format) and provided two 
options for each exercise based on difficulty level. The exercise programs were 
developed using ExorLive ® (an online tool for developing exercise programs) and 
animated materials from Muscle Animations AS. Both programs are attached in the 
appendices.   

5.3.7 Other measures for assessing validity evidence 
The Intervention Usability Scale (IUS) (Lyon et al., 2021), a modified version of the 
widely used System Usability Scale (Brooke, 1995), and the Intervention 
Appropriateness Measure (IAM) (Weiner et al., 2017) were used for assessing evidence 
of convergent validity. Extrinsic motivation items from the Situational Intrinsic and 
Extrinsic Motivation Scale (SIMS) were used for discriminant validity evidence. 
Criterion validity evidence was assessed through the Net Promoter Score (NPS) 
(Reichheld, 2003) and items assessing intention to use the program (e.g. “I intend to use 
this program frequently”).  

5.3.8 Statistical analysis 
Careless/aberrant responses were detected using timing data for each page in the survey. 
Participants with a speed factor above 3 were removed (e.g. (median(response 
time)/response time) > 3) (Leiner, 2019). Secondly, participants that did not watch the 
exercise video (e.g. spent less time than the duration of video/2) were excluded for 
analysis. A third measure was the inclusion of attention checks (e.g. “Please describe one 
thing you remember from the exercise program you were presented”) (Abbey & Meloy, 
2017). For missing data rates of less than 5% for the scale items and other variables, the 
median item response was imputed (Cokluk & Kayri, 2011; Downey & King, 1998; 
Jakobsen et al., 2017). 

5.3.8.1 Dimensionality  
Dimensionality was assessed through parallel analysis followed by 
exploratory/confirmatory factor analysis (EFA/CFA) and bifactor analysis. Items 
revealing loadings >.5 were retained for inclusion in IRT analysis. Model fit criteria 
included root mean square error of approximation (RMSEA; ≤ 0.06) and comparative fit 
index (CFI; > 0.95) and Tucker-Lewis index (TLI; > 0.95) (Boateng et al., 2018). 
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5.3.8.2 Item response theory  
The use of unidimensional IRT or multidimensional IRT was decided based on 
dimensionality analyses. Models were fitted using the ltm and mirt packages in R. Items 
that represented a wide range of usability levels, high level of information and high 
degree of discriminability were selected. Measurement invariance was assessed by 
evaluating Differential Item Functioning (DIF), exploring whether people from different 
groups (e.g., active vs non-active, male vs female) with the same level of functioning 
have different probabilities of giving a certain response to an item (Smit et al., 2020).  

5.3.8.3 Reliability analysis 
Internal consistency was assessed through Cronbach’s alpha where an alpha of 0.7 or 
higher was considered acceptable. Test-retest reliability analysis was conducted by 
comparing the responses from the sample that were asked to assess the same program 
twice (e.g., PLow + PLow and PHigh + PHigh). Test-retest reliability was assessed 
through correlation coefficients (Pearson’s r) and comparing mean difference and Cohen 
dav (Lakens, 2017).  

5.3.8.4 Relations to other variables  
After refining the scale, the final scale version score was compared with the other 
variables for assessing evidence of criterion, convergent and discriminant validity using 
Pearson’s r. We expected to see high correlations between IUSE and the IAM, IUS, NPS, 
and Intention to use-items, and lower correlations between IUSE and extrinsic 
motivation-items from the SIMS. 

5.3.8.5 Hypothesis testing  
For hypothesis testing, the exercise program designed to have high hypothetical levels of 
the defined constructs identified in the scale development process (PHigh) was compared 
to a second program that was designed to have low hypothetical levels (PLow). Our 
hypothesis was that the program designed to have high hypothetical levels will receive a 
higher score on usability compared to the other program. Mean difference and Cohen’s 
dav were assessed for dependent samples (Lakens, 2017).  
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5.4 Results 
Figure 5.3 shows the flow chart of 
participants from the three sources. 
Additionally, the figure shows the 
amount of aberrant responses and 
duplicate responses that were removed 
before further analysis. Additionally, 
221 missing item responses (<0.1% of 
total) were imputed with the item 
median before analyses. Five-hundred-
twenty-six participants were included 
in the analysis. Table 5.1 shows the 
participant demographics. 

 

Figure 5.3. Flow chart of participant recruitment and data handling 

Table 5.1.   Participant demographics     

 University Prolific Qualtrics Total 

N 85 213 228 526 

Average Age (years) 19.4 
(sd 1.2) 

39.1 
(sd 13.8) 

53.9 
(sd 16.4) 

42.2  
(sd 18.4) 

Gender 
    

Man (n) 55 104 101 260 (49%) 

Nonbinary (n) 5 4 0 9 (1.7%) 

Transgender (n) 1 0 0 1 (0.19%) 

Woman (n) 24 105 125 254 (48%) 

Other 0 0 1 1 (0.19%) 

Prefer not to respond 0 0 1 1 (0.19%) 

Ethnicity 
    

American Indian/Native American/First 
Nation/Alaska Native (n) 

1 3 2 5 (1%) 
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Black/African American (n) 4 22 24 50 (10%) 

Asian/Asian American (n) 5 23 8 36 (7%) 

Hispanic@/Latin@/Chican@ (n) 4 15 9 28 (5%) 

Middle Eastern (n) 1 4 1 6 (1%) 

South Asian (n) 1 0 0 1 (0.2%) 

Native Hawaiian/Pacific Islander (n) 1 0 0 1 (0.2%) 

White/European American (n) 75 158 191 424 (81%) 

Other (n) 0 0 0 0 

How many days do you perform vigorous-
intensity activities? 

    

None (n) 14 52 70 136 (26%) 

1-2 days of the week (n) 37 93 70 200 (38%) 

3-4 days of the week (n) 23 44 50 117 (22%) 

5-7 days of the week (n) 11 24 38 73 (14%) 

How comfortable are you with performing 
muscle strengthening activities? 

    

From 1 to 10* (Mean) 7.65 
(sd 1.89) 

6.98 
(sd 2.22) 

7.29 
(sd 2.47) 

7.22  
(sd 2.29) 

*Ranging from Very uncomfortable (1) to Very comfortable (10). 

Thirty-six items were included after the content validation phase. Table 5.2 shows the 
proportion of responses, the average score and item total correlation (r = 0.53-0.8) for 
each of the 36 items in the initial version. The last 10 items in the Table 5.2 revealed low 
test-retest reliability (r < 0.5) and were removed before further analysis. 

Table 5.2   Item Responses 
  

 
Proportion endorsed by category 

  

 
Item 

1 
Strongly 
Disagree 

2 
Disagree 

3 
Neither 
nor 

4 
Agree  

5 
Strongly 
Agree 

Mean 
(sd) 

Item Total 
Correlation 

This program looks 
interesting 

0.09 0.11 0.14 0.44 0.22 3.59 
(1.2) 

0.69 
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The program meets 
my needs 

0.10 0.13 0.15 0.44 0.19 3.48 
(1.22) 

0.78 

The program is 
valuable to me 

0.10 0.11 0.20 0.41 0.18 3.47 
(1.2) 

0.75 

This is an important 
program to me 

0.13 0.17 0.26 0.30 0.14 3.16 
(1.24) 

0.75 

I will enjoy doing 
this program 

0.13 0.17 0.16 0.39 0.15 3.26 
(1.27) 

0.72 

I like this program 0.07 0.12 0.14 0.44 0.23 3.63 
(1.18) 

0.68 

I think performing 
this program is 
worth my time 

0.08 0.12 0.15 0.42 0.24 3.62 
(1.19) 

0.8 

This program 
required the use of 
equipment I like to 
use 

0.13 0.13 0.16 0.41 0.17 3.36 
(1.26) 

0.5 

The program is 
useful to me 

0.07 0.10 0.12 0.48 0.24 3.72 
(1.13) 

0.77 

I can do the program 
whenever I want to 

0.04 0.08 0.07 0.46 0.35 3.99 
(1.06) 

0.51 

This program 
required the use of 
equipment I have 
available 

0.15 0.20 0.07 0.33 0.24 3.31 
(1.42) 

0.57 

I can do the program 
wherever I want to 

0.10 0.15 0.14 0.35 0.25 3.50 
(1.29) 

0.63 

The program 
includes everything 
I expect it to have 

0.10 0.13 0.18 0.39 0.20 3.45 
(1.23) 

0.73 

The program seems 
exactly right for my 
goals 

0.13 0.18 0.18 0.35 0.16 3.23 
(1.27) 

0.74 

The difficulty of 
each exercise is 
exactly right for me 

0.20 0.21 0.10 0.30 0.19 3.07 
(1.44) 

0.66 

I have access to the 
equipment needed 
for this program 

0.20 0.20 0.05 0.29 0.26 3.21 
(1.51) 

0.58 

It is clear to me how 
this program will 
improve my strength 

0.04 0.04 0.08 0.47 0.37 4.09 
(0.97) 

0.53 

I can do this 
program with a 
friend 

0.09 0.10 0.12 0.39 0.30 3.73 
(1.23) 

0.54 
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This program will 
allow me to exercise 
with friends 

0.12 0.12 0.20 0.36 0.21 3.41 
(1.27) 

0.56 

The exercise 
program seems 
Ineffective ------ 
Effective 

0.02 0.02 0.14 0.44 0.38 4.15 
(0.86) 

0.56 

The exercise 
program seems 
Boring ------ Fun 

0.08 0.16 0.37 0.25 0.14 3.19 
(1.12) 

0.61 

The exercise 
program seems 
Inefficient ------ 
Efficient 

0.03 0.06 0.15 0.47 0.29 3.93 
(0.97) 

0.62 

The exercise 
program seems 
Difficult to do ------ 
Easy to do 

0.09 0.13 0.17 0.30 0.31 3.60 
(1.29) 

0.60 

The exercise 
program seems 
Difficult to learn ----
-- Easy to learn 

0.05 0.09 0.12 0.30 0.44 4.00 
(1.16) 

0.61 

The exercise 
program seems 
Rigid ------ Flexible 

0.04 0.16 0.18 0.33 0.29 3.66 
(1.17) 

0.62 

The exercise 
program seems 
Complicated ------ 
Straightforward 

0.04 0.07 0.14 0.32 0.43 4.03 
(1.11) 

0.64 

The program is 
effective for 
improving strength 

0.10 0.04 0.08 0.49 0.35 4.09 
(0.96) 

0.45 

The program seems 
appropriate in length 

0.04 0.082 0.09 0.46 0.34 3.98 
(1.04) 

0.63 

It is clear how to use 
the program 

0.05 0.08 0.08 0.38 0.41 4.02 
(1.12) 

0.66 

The program is 
simple to understand 

0.03 0.08 0.08 0.40 0.42 4.09 
(1.03) 

0.65 

I will learn to use 
this program very 
quickly 

0.06 0.14 0.12 0.39 0.28 3.68 
(1.21) 

0.67 

I can adapt the 
program to my 
needs 

0.09 0.10 0.10 0.41 0.29 3.72 
(1.24) 

0.63 

The program 
provides flexible 
options 

0.06 012 0.12 0.40 0.30 3.77 
(1.16) 

0.64 
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The exercise 
program seems 
Too long ------Too 
short* 

0.12*  0.23*  0.65* 4.06 
(1.40) 

0.30 

The exercise 
program seems 
Worthless ------ 
Valuable 

0.02 0.03 0.20 0.44 0.31 3.99 
(0.89) 

0.65 

The exercise 
program seems 
Harmful ------
Beneficial 

0.03 0.04 0.09 0.43 0.41 4.13 
(0.97) 

0.58 

*Item was transformed: 1 = Strongly agree + Strongly Disagree, 3 = Disagree + Agree, 5 = Neither 
nor 

 

5.4.1 Dimensionality 
Scree plot, eigenvalues and parallel analysis suggested a 3-factor structure for the 26-item 
scale (IUSELong). The three factors explained 31%, 16%, and 6% of the variance, 
respectively. An exploratory factor analysis (EFA) was conducted using the “oblimin” 
rotation and maximum likelihood with one and 3 factors. The factor correlations for the 
three factors (MR1, MR2, MR3) were examined. The correlation between MR1 and MR2 
was 0.55, between MR1 and MR3 was 0.49, and between MR2 and MR3 was 0.47. 
Additionally, an exploratory bifactor model was fitted using the omega function from the 
psych package in R, indicating a multidimensional factor structure (Omega total = 0.96, 
Omega hierarchical = 0.71, explained common variance of g = 0.58). Table 5.3 shows the 
factor loadings for both the unidimensional and 3-factor structure, and the bifactor model. 
This table also shows that items load high on both the general and a specific factor. Three 
items were removed due to low loadings on the specific factor in the EFA and three items 
were removed due to low loading on the general factor (r < 0.5) in the bifactor model.   

Table 5.3.   Factor analyses 
 

Traditional factor model Bifactor model 
 

1-factor 3-factor 3-factor 

Item 
 

Value Ease Social G g1 g2 g3 

This program looks 
interesting 

0.70 0.83 -0.11 0 0.55 0.54 
  

The program meets my 
needs 

0.80 0.79 0.06 0 0.65 0.51 
  

The program is valuable to 
me 

0.76 0.78 -0.05 0.10 0.62 0.50 
  

This is an important 
program to me 

0.76 0.77 0 0.05 0.62 0.50 
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I will enjoy doing this 
program 

0.73 0.71 0.06 0.02 0.59 0.46 
  

I like this program 0.69 0.81 -0.09 -0.01 0.54 0.52 
  

I think performing this 
program is worth my time 

0.81 0.71 0.20 -0.03 0.67 0.46 
  

This program required the 
use of equipment I like to 
use 

0.50 0.52 -0.09 0.12 0.41 0.34 
  

The program is useful to me 0.78 0.80 0.02 0.01 0.63 0.52 
  

The program includes 
everything I expect it to 
have 

0.73 0.57 0.26 -0.01 0.61 0.37 
  

The program seems exactly 
right for my goals 

0.75 0.69 0.15 -0.04 0.61 0.44 
  

It is clear to me how this 
program will improve my 
strength 

0.53 0.54 -0.02 0.06 0.44 0.35 
  

The exercise program 
seems 
Ineffective ------ Effective 

0.65 0.63 -0.07 -0.02 0.45 0.41 
  

The exercise program 
seems 
Boring ------ Fun 

0.61 0.67 -0.05 0.01 0.49 0.44 
  

The exercise program 
seems 
Inefficient ------ Efficient 

0.61 0.60 0.07 -0.02 0.50 0.39 
  

I can do the program 
whenever I want to 

0.50 0.16 0.31 0.17 0.46 
 

0.22 
 

This program required the 
use of equipment I have 
available 

0.56 0.13 0.48 0.10 0.51 
 

0.33 
 

I can do the program 
wherever I want to 

0.62 0.20 0.47 0.10 0.56 
 

0.32 
 

The difficulty of each 
exercise is exactly right for 
me 

0.65 0.32 0.52 -0.09 0.56 
 

0.36 
 

I have access to the 
equipment needed for this 
program 

0.56 0.09 0.61 0.01 0.52 
 

0.42 
 

The exercise program 
seems 
Difficult to do ------ Easy to 
do 

0.58 -0.07 0.86 0 0.56 
 

0.59 
 

The exercise program 
seems 

0.58 -0.05 0.73 0.12 0.57 
 

0.50 
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Difficult to learn ------ Easy 
to learn 
The exercise program 
seems 
Rigid ------ Flexible 

0.60 0.06 0.73 0 0.57 
 

0.50 
 

The exercise program 
seems 
Complicated ------ 
Straightforward 

0.62 0.03 0.73 0.06 0.59 
 

0.50 
 

I can do this program with a 
friend 

0.52 -0.05 0.11 0.8 0.56 
  

0.62 

This program will allow me 
to exercise with friends 

0.54 0.09 -0.04 0.82 0.57 
  

0.63 

G = general factor, g = group factor, Value, Ease and Social = names of hypothetical constructs 
representing the three factors. 

As one can observe in Table 5.3, the loadings on the general factor in the bifactor model 
tend to go down quite a bit relative to the traditional 1-factor model. The difference in 
loadings seen between the general factor in the bifactor model and the loadings in the 1-
factor model supports the multidimensional factor structure. 

5.4.2 Item Response Theory 
Due to large sample size, (>300), number of items, and low number of missing data, the 
polytomous IRT model for each separate factor was conducted using the graded response 
model (Dai et al., 2021; Nguyen et al., 2014). Item information curves for each factor are 
presented in Figure 5.4. Twelve items were removed as a result of varying difficulty 
levels, low discriminative value, low information and/or identical information patterns. 
No additional items were flagged in DIF analyses. Following IRT analyses, the IUSE 
consisted of 8 items (IUSEOverall) and 3 subscales (IUSEValue, IUSEEase, and IUSESocial). 
The correlation between the 26-item version (IUSELong) and IUSEOverall was r = 0.94. 
IUSEOverall is presented in Figure 5.5. 

The scale score was based on a total score of the three factors as they each were 
unidimensional but had relatively strong factor intercorrelations (0.47-0.55). Factor 
analyses indicate that the three factors are unidimensional (low cross loadings; <0.12 in 
three factor EFA model) and each IRT model fit the data well. For interpretation and 
simplicity reasons, average scale scoring was considered more appropriate than IRT 
scoring until further analyses of the significant value of complex IRT scoring have been 
documented. Scores were instead scored based on the average responses and 
subsequently transformed to a 0-100 scale (e.g. (raw score -1) *25), as this range might 
be more intuitive than a 1-5 range and similar to legacy usability scales (e.g. System 
Usability Scale).  
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Figure 5.4. Item information curves for each of the subscales.  
Footnote: *is denoting the items selected 
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Figure 5.5. Mock-up of the final 8-item version (IUSEOverall) of the Intervention Usability 
Scale for Exercise (IUSE) 

5.4.3 Reliability analysis 
Internal consistency for the IUSEOverall was Cronbach’s ɑ = 0.86, and ɑ = 0.86, ɑ = 0.84 
and ɑ = 0.83 for IUSEValue, IUSEEase and IUSESocial, respectively. Test-retest descriptives 
and reliability measures for the IUSEOverall and the 3 subscales are presented in table 5.4.  

Table 5.4. Test-retest analyses      

 IUSEOverall IUSEValue IUSEEase IUSESocial 

  Test Retest Test Retest Test Retest Test Retest 
Descriptives       

Mean  67.2 69.1  55.9 58.7 72.6 74.8 76.0 76.2 

SD  14.6  16.3  24.9 27.7 21.2 22.1 20.2 20.3 

Range  
(min-max) 

37.5-
96.9 

31.3-
96.9 

0-91.7 0-100 25-100 16.7-
100 

25-100 0-100 
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Reliability 
measures 

       

Test-retest 
correlation 
(r) [95% CI] 

0.78 
[0.65, 0.87] 

0.79 
[0.66, 0.87] 

0.85 
[0.75, 0.91] 

0.83 
[0.72, 0.90] 

Typical Error 7.3 12.2 8.4 8.3 

Mean 
Difference  
[95 % CI] 

-1.9 
[-4.7, 1.0] 

-2.7  
[-7.5, 2.1] 

-2.1  
[-5.4, 1.2] 

-0.24  
[-3.5, 3.0] 

Cohen’s dav -0.12 -0.10 0.04 -0.01 

5.4.4 Relations to other variables 
Criterion (intention to use items and NPS), convergent (IUS, IAM) and discriminant 
(external motivation items (SIMS)) validity evidence is presented through correlation 
coefficients in Table 5.5, in addition to correlation between the scale scores of the long 
and short versions and between subscales.  

Table 5.5.   Validity evidence 

 
Intention NPS IUS IAM EM IUSE 

Overall 
IUSE 
Value 

IUSE 
Ease  

IUSE 
Social  

IUSEOverall 0.75  
(0.72, 0.79) 

0.71  
(0.66, 
0.75) 

0.71  
(0.67, 
0.75) 

0.79  
(0.76, 
0.82) 

0.42  
(0.35, 
0.49) 

— 0.88 0.81 0.70 

IUSEValue 0.82  
(0.79, 0.85) 

0.72 
(0.68, 
0.76) 

0.55  
(0.48, 
0.60) 

0.80  
(0.77, 
0.83) 

0.42  
(0.35, 
0.49) 

 
— 0.51 0.48 

IUSEEase  0.51  
(0.45, 0.57) 

0.51  
(0.45, 
0.57) 

0.71  
(0.66, 
0.75) 

0.58  
(0.53, 
0.64) 

0.33  
(0.26, 
0.41) 

  
— 0.44 

IUSESocial  0.42  
(0.35, 0.49) 

0.41  
(0.34, 
0.48) 

0.41  
(0.34, 
0.48) 

0.46  
(0.40, 
0.53) 

0.23  
(0.15, 
0.31) 

   
— 

IUSELong 
     

0.94 0.87 0.72 0.62 

All correlation coefficients are Pearson’s r. NPS = Net Promoter Score. IUS = Intervention Usability 
Scale. IAM = Intervention Appropriateness Measure. EM = Extrinsic motivation. IUSELong = 26-item 
scale. 
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5.4.5 Hypothesis testing 
Paired sample’s t-test revealed significant differences in overall usability between PHigh 
and PLow (mean difference: 13.0, 95% CI 6.82, 19.15, p-value < 0.001, dav = 1.05). 
Figure 5.6 shows the comparison of responses to PHigh and Plow for the independent 
sample.  PHigh scored significantly higher than PLow on both total scale score and each 
of the subscales (p < 0.05). The largest difference was found for the IUSE_Ease subscale. 

 

Figure 5.6. Average scores for PHigh and PLow (Error bars = 95 % CI). 

5.5 Discussion 
The purpose of this study was to develop and assess the psychometric properties of the 
Intervention Usability Scale for Exercise (IUSE), the first tool for assessing the usability 
of exercise programs. The 8-item IUSE scale revealed good psychometric properties. The 
scale has three factors/subscales with items related to either the programs’ 
value/usefulness (IUSEValue), ease of use/learnability (IUSEEase), and social aspects 
(IUSESocial).   

Items initially loading onto the IUSEValue subscale can be explained by behavioral 
theories like the Self-Determination Theory (Ryan & Deci, 2000), where the well-
performing, remaining items to a large degree mimics some of the items capturing 
“Value/Usefulness” in the Activity Perception Questionnaire, which is part of the 
Intrinsic Motivation Inventory (McAuley et al., 1989). Intrinsic motivation serves as a 
favorable indicator for behavior change intention (Chan & Hagger, 2012). Prior research 
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by Brühlmann et al. (2018) found a positive association between intrinsic motivation, 
perceived usability, and the fundamental needs outlined in SDT (Brühlmann et al., 2018). 
This amalgamation of needs is often termed as need satisfaction, and it seems reasonable 
to compare this to the satisfaction facet of usability, defined by the ISO as the degree to 
which a system, product, or service fulfills the user's physical, cognitive, and emotional 
needs and expectations (International Organization of Standardization, 2018).  

Items that make up the IUSEValue (e.g., “The program meets my needs”, “The program is 
important to me” and “The program is useful to me”) and IUSEEase (e.g., “The program 
seems easy/difficult to use”, “The program seems easy/difficult to learn” and “The 
program seems rigid/flexible to use” are very similar to items included in the Feasibility 
Implementation Measure, Implementation Appropriateness Measure, and the Usefulness, 
Satisfaction, and Ease of Use Questionnaire (USE) (Gao et al., 2018; Lund, 2001; Weiner 
et al., 2017). The USE questionnaire has two subscales related to ease of use and ease of 
learning, including items similar to the ones included in the second subscale IUSEEase. 
However, in our scale, these items were delivered in a semantic differential format with 
two bipolar adjectives making up the far ends of the response option continuum (e.g. 
Difficult/Easy to use/learn), similar to the User Experience Questionnaire (Schankin et 
al., 2022). Previous research has suggested that the semantic differential format might 
perform better than the traditional Likert scale format (e.g. reduced acquiescence bias) 
(Friborg et al., 2006). Further analyses and research are needed to compare the use of the 
different modalities.  

It is worth discussing the value of including the IUSESocial in assessing exercise program 
usability and/or for predicting program use. This construct seems less predictive of 
program use and has lower convergent validity evidence compared to the other subscales. 
Additionally, it explains about 6% of the variance which can be considered relatively 
low. However, the items load relatively high on the general factor (> 0.5), as well as 
being distinct (> 0.6). Additionally, previous research suggests that social support 
positively influences physical activity and exercise adherence (Anderson et al., 2016; 
Smith et al., 2023; Tian & Shi, 2022). We therefore believe the inclusion of items aiming 
to capture the influence of social support might have non-negligible value and should be 
included until further studies using the scale have been conducted on various groups. The 
inclusion of IUSESocial makes the IUSE unique relative to other related scales and 
questionnaires. 

Some hypothetical constructs from the content validity phase were expected to perform 
better and be part of the final version of IUSE. For instance, as interest/enjoyment is 
considered the self-report measure of intrinsic motivation, which has been shown to 
affect intention of a behavior, it was expected that including items such as “I will enjoy 
doing this program”, “This program seems boring/fun” and “This program looks 
interesting” would have more value in the IUSE. However, there was a strong correlation 
between the three intrinsic motivation related items and IUSEValue (r = 0.77), and from a 
practical perspective these items can almost be used interchangeably.  
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Interestingly, when the exercise program stakeholders were asked to rate the importance 
of constructs to capture with the scale, “Self-efficacy/Confidence”, 
“Enjoyability/Intrinsic motivation” and “Perceived Effectiveness” were rated top 3 most 
frequently. Items like “It is clear to me how this program will improve my strength”, 
“The exercise program seems ineffective/effective” and “The program is effective for 
improving strength” (removed due to low test-retest reliability) was included to capture 
the participants’ perceived effectiveness, but none of these items had ideal psychometric 
properties.  

In addition to satisfaction and perceived effectiveness, we aimed to capture perceived 
efficiency as these are the three components of “usability” as defined by the ISO. 
Efficiency is defined as “resources used in relation to the results achieved” and includes 
time, cost, materials, and human effort (International Organization of Standardization, 
2018). Efficiency items derived from the content validity phase mostly loaded on the 
subfactor IUSEValue, and not on IUSEEase as the ISO definition might indicate. None of 
these items was retained after item reduction, despite previous research suggesting time 
and resources (e.g. equipment) are barriers for adherence to exercise programs. This 
might indicate that time and resources may not be as important in the concept of exercise 
usability. 

5.5.1 Clinical and research implications 
This study suggests that the IUSE seems to have adequate reliability and validity 
evidence for assessing usability of exercise programs. The IUSE can be a valuable tool in 
future exercise program development, both within research and clinical practice, by its 
ability to identify potential barriers to program implementation and long-term use. IUSE 
can also be used to test how different populations (e.g., sex, ethnicity, age) perceive 
different exercise programs. Future studies should utilize the IUSE to assess whether the 
scale can not only predict the intention/likelihood of using a program, but also actual 
adherence of the program. This will add evidence to the predictive ability of the scale. In 
addition, more validity evidence should be added by assessing different exercise 
interventions/modalities (e.g., prevention vs rehabilitation, cardio vs. strength etc.) and 
recruiting different populations (e.g., older vs. younger, athletes vs. non-athletes, 
injured/ill vs. healthy).  

5.5.2 Strengths and limitations 
This study has several strengths and limitations. To our knowledge, this is the first study 
to integrate the domain of Human Factors as a measure of addressing the 
uptake/adherence issue seen in exercise medicine through the development of an exercise 
intervention usability scale. The IUSE is a short questionnaire that does not demand 
much time to complete, as well as being easy for exercise intervention stakeholders to 
distribute to their target users. The IUSE also provides an item database in case some 
items are more or less relevant in a specific context. Another strength with this study is 
the large and diverse sample (age, gender, ethnicity) which can be considered 
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representative of the US population, in addition to the inclusion of individuals with 
varying levels of activity levels and comfortness with strength training.   

The low number of scale items may be considered as both a strength and a limitation. 
Besides making the scale short, concise, and perhaps more applicable, a low number of 
items within each subscale can affect the stability and reliability of the factor/subscale. 
Future studies are needed to test stability and replicability across different samples. 
Another limitation is that this study did neither have participants actually performing the 
program nor collect data on actual adherence over time. Intention, although perhaps being 
the most proximal measure we have, is not the same as actual behavior (Bandura et al., 
1999; Chen et al., 2022; Godin & Conner, 2008). Hence, to evaluate the scale’s 
predictive value, future studies should apply the IUSE in prospective studies where data 
on the actual use of an exercise intervention is collected. Finally, future studies are 
needed to define cut-offs that indicate the level of program usability and implementation 
likelihood. 

5.6 CONCLUSION 
The 8-item IUSE revealed good psychometric properties, indicating it can serve as a 
reliable tool for assessing usability of exercise interventions. This study also indicated 
that the concept of exercise program usability is multidimensional and provides a good 
foundation for future measurement. The ultimate goal is that the IUSE can be a useful 
tool for exercise intervention developers/designers in enhancing program usability and 
increasing implementation likelihood. However, future studies are warranted to add 
validity evidence to the scale’s predictive ability, in addition to assessing the 
psychometric properties of the scale across specific demographic groups and exercise 
modalities.  
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6 Conclusion and Future Research 
Adherence remains an issue in exercise medicine despite the wealth of research proving 
the effectiveness of physical activity and exercise interventions on a variety of health and 
injury outcomes. Adherence is influenced by variables such as exercise program 
characteristics, social support, knowledge, self-efficacy, and enjoyment (Collado-Mateo 
et al., 2021; Goddard et al., 2021; Moesch et al., 2022; Ng et al., 2021). Conducting 
research that is assessing the effectiveness of an intervention is crucial. Equally important 
is taking measures to ensure that the effective program will be used. Given the proposed 
17-year lag in translation from research to practice (Arundale et al., 2022; Green et al., 
2009; Morris et al., 2011; Rubin, 2023; Trochim, 2010), the design and assessment of 
exercise interventions need to adopt a more holistic approach. Through a literature review 
and three consecutive studies, this dissertation provided valuable insights and construct 
clarity towards the conceptualization of exercise program usability (e.g. what influences 
usability of an exercise program). 

6.1 Theoretical contributions 
Usability and usefulness may influence our acceptability of a new product, uncover errors 
or barriers, and predict use (Keenan et al., 2022). Nonetheless, there is very little 
consistency in the use of constructs within existing scales and questionnaires. Their 
psychometric properties are often insufficient or not reported, and terms like constructs, 
concepts, attributes, subconstructs, etc., are used interchangeably. Well-defined 
constructs and validity evidence are warranted to ensure more accurate interpretations of 
scale scores. 

The term usability itself has been criticized for being an umbrella concept with ill-defined 
constructs (Tractinsky, 2018), whereas others emphasize evidence indicating a consistent 
underlying construct of usability (Lewis, 2018a). The definition of usability indicates 
three different constructs: effectiveness, efficiency, and satisfaction (International 
Organization of Standardization, 2018). In the context of exercise programs, one can 
think of the purpose of the program (preventing an injury, reducing depression, etc.) as 
being the “effectiveness” part, whereas the “efficiency” can be considered the time it 
takes to perform the program or reach the end-goal, or how much money it costs. 
Usability testing can be conducted through formative (e.g. cognitive task analysis) or 
summative methods (e.g. scales), both yielding advantages and disadvantages. With 
usability scales, we typically only measure subjective or perceived effectiveness and 
efficiency, which can be considered part of the “satisfaction” component. Satisfaction 
also involves factors like enjoyment, ease of use, and the extent to which these and all 
other physical, cognitive, and emotional responses that result from using the product meet 
the user’s needs and expectations (International Organization of Standardization, 2018). 
Whether there are sub-constructs in scales measuring perceived usability/satisfaction 
might depend on the context in which they are used.  
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The term usability and its affiliated scales coincide with other concepts, frameworks, and 
theories more commonly referred to in exercise medicine (e.g., Implementation Science, 
the Theoretical Framework of Acceptability, Self-Determination Theory). Existing scales 
developed based on these related concepts (e.g., Intervention Appropriateness Measure, 
ENJOY, Theory of Planned Behaviour Measures for Doing Adequate Physical Activity) 
(Chan et al., 2020; Davidson et al., 2023; Weiner et al., 2017) include items that 
completely match or substantially overlap with items identified in usability scales. 
Collectively, these scales provided a good starting point for the development of an 
exercise intervention usability scale. Several hypothetical constructs were included in the 
IUSE initially (e.g., usefulness, perceived effectiveness, enjoyability, ease of use, 
resources). These constructs might have some differences from a theoretical perspective 
(e.g., perceived effectiveness, value, usefulness). Nonetheless, based on our factor 
analyses and IRT, many of these constructs seem to substantially overlap and load onto 
one common latent trait and did not independently account for a considerable amount of 
the explained variance.  

The IUSE was developed to synthesize other scales and items related to user perceptions 
and factors affecting use into one efficient scale assessing the usability of exercise 
programs. The items and constructs (subscales) included in the final version are items 
typically found in other scales, although not all are included in one specific scale like in 
IUSE. Nevertheless, these items and constructs are now psychometrically evaluated in 
the context of exercise programs, specifically strength training programs that meet the 
recommendations for physical activity among healthy adults. Particularly, the application 
of item response theory in item reduction is rarely reported in related scales (e.g., 
implementation outcome measures and USE; Gao et al., 2018; Weiner et al., 2017) and 
enhance the measurement rigor of the IUSE. We have yet to determine whether this scale 
can predict the actual use of an exercise program and appropriate cut-off scores and if 
modifications are needed in other subgroups or exercise program types (e.g., aerobic 
exercise, injury prevention, post-operative rehabilitation). 

6.1.1 Practical contributions 

The IUSE consists of three subscales that capture an exercise program’s value to the user, 
ease of use, and opportunity for social support. The 8-item IUSE can be distributed to 
users of exercise programs. The overall usability score is calculated by averaging the 
response to the 8 items, subtract 1 and then multiply with 25 to get the final scale score 
on a 0-100 scale (e.g. average score -1) *25). Alternatively, subscales can be calculated 
independently to see if the score is mainly affected by either the value, ease, or social 
factor.  

Criterion validity analyses indicate that an exercise program’s perceived value or 
usefulness is more closely related to the users’ intention to use it than whether it is easy 
to use/learn or can be conducted with others. Ease of use is still considered an important 
construct for assessing usability and might be particularly important for initial uptake of 
an exercise program. The social support construct did not correlate as strongly with 
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intention to use the program. However, previous research proposes that this is an 
important factor, and we recommend including it until further research has been 
conducted.   

Surprisingly, items included to capture perceived effectiveness (e.g., “It is clear to me 
how this program will improve my strength,” “The exercise program seems 
ineffective/effective,” and “The program is effective for improving strength”) did not 
perform as well as initially expected. Previous literature, including studies on the ACL 
IPP, presented above, suggested that perceived effectiveness is an important factor for 
uptake and adherence. Exercise stakeholder evaluation also indicated that this construct 
would be critical to capture in the IUSE. Nonetheless, one can argue that perceived 
effectiveness would be highly correlated with value/usefulness, as it seems unlikely that 
someone would find a program particularly valuable/useful to them unless they believed 
it served its purpose. 

Items aiming to capture intrinsic motivation/enjoyment (e.g., “I will enjoy doing this 
program,” “This program looks interesting,” “I like this program,” and “The program 
seems fun/boring”) did not make it to the final version of IUSE. Enjoyability is 
considered the self-report measure of intrinsic motivation, which further have been found 
to predict intention to do prevention and rehabilitation exercises. Previous research on 
exercise adherence has also emphasized enjoyment as a critical component affecting 
sustained use. The intrinsic motivation items loaded (highest) onto the same factor as the 
value/usefulness items in the bifactor model. Three of the items revealed adequate 
discriminability and information, but they were subsequently removed to shorten the 
scale as they did not cause substantial loss of information. These items can be considered 
part of an item bank that researchers/clinicians can choose from and add to the Value 
subscale if considered appropriate. 

Lastly, resources such as time and use of equipment has been suggested as a barrier for 
use of exercise programs. None of the items assessing time (n = 3) and use of equipment 
(n = 3) in the initial 36-item scale made it to the final version. Like the intrinsic 
motivation items, the item “I think performing this program is worth my time” had 
acceptable discrimination and information but did not add substantial information to the 
scale. However, this item can also be considered part of an item bank. 

Nonetheless, the results of the three studies presented in this dissertation are somewhat 
corresponding regarding conceptualization of exercise programs. In the first two studies, 
perceived effectiveness, efficiency, and enjoyability correlated highly with intention to 
use a novel injury prevention program. Items capturing these hypothetical constructs in 
IUSE mainly loaded onto the IUSEValue, which also correlated highly with intention to 
use the strength training program. Similarly, items capturing ease of use and learnability 
had lower correlations with intention measures in both studies. Additionally, we learned 
that flexibility is an important factor for the implementation of an injury prevention 
program in the context of team sports. The IUSE item reduction process also indicated 
that the flexible/rigid item revealed valuable information. Although flexibility can be 
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considered both beneficial and harmful, it might be a valuable item to detect differences 
within groups/personas or for different contexts. Likewise, the unique contribution of the 
IUSESocial might be capturing an important factor for exercise adherence within certain 
groups. 

6.1.2 Next steps 

While the IUSE revealed good psychometric properties, we have yet to determine 
whether this scale can predict the actual use of an exercise program. Further research is 
needed to add predictive validity evidence to the scale. This can for instance be examined 
as part of an intervention study involving the use of an exercise program and that 
includes a follow-up assessment of adherence.  Furthermore, an appropriate cut-off score 
for estimating usable programs or programs that are likely versus unlikely to be 
implemented would be valuable. Cut-off scores make it easier for program designers to 
determine whether modifications of the program are needed in order to enhance 
adherence.  

Eventually, validation of IUSE in other languages and adding cross-cultural validity 
evidence is warranted to ensure that the scale is reliable across cultural contexts. This is 
an iterative process where the psychometric properties of the scale are assessed and 
compared across different demographic groups and languages. This process includes 
content validation (e.g. does one or more items need to be modified), factor analyses, 
IRT, reliability testing and criterion validity evidence. This process might be repeated 
until the results of comparisons are satisfactory. Similarly, comparing the psychometric 
properties across exercise modalities (e.g., aerobic exercise, injury prevention, post-
operative rehabilitation) is needed to explore whether the same constructs (e.g., perceived 
value, ease of use and social support) are predicting adherence. 

A few items from the initial 36-item IUSE that are not part of the final 8-item scale 
revealed good psychometric properties but were removed due to redundancy within each 
subscale. These items can be included in an IUSE item bank for alternative well-
performing items. This allows clinicians or researchers to adapt the scale to their users or 
research questions. For instance, items can be added or replaced within each subscale, or 
one can choose to only use one subscale. The development of an item bank was not part 
of this project but is considered part of the next steps. The development of an adaptive 
scale version might also be worth exploring. This would imply that the IUSE dynamically 
adjusts its items or response options based on the users’ characteristics or previous 
responses. For instance, if we find that the scale needs to be modified for a specific 
subgroup of users or specific exercise modalities, the adaptive scale will provide the 
targeted items based on premade decision rules.  

In addition to program content, program delivery has been proposed as an important 
factor affecting uptake and adherence (McCall et al., 2014; O’Brien et al., 2017; O’Brien 
& Finch, 2016; Varnfield et al., 2014). For instance, in the scale development study, the 
exercise programs were delivered using an animated video or a text-based pamphlet, 
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whereas in study 1 and 2, the injury prevention program was delivered through in-person 
presentations and supervision by the research team. Other common delivery modalities 
include technology-based devices such as smartphone applications providing reminders, 
statistics, and outcome measures. These different modalities may affect individuals’ 
motivation and behavior differently. Hence, assessing delivery aspects of the exercise 
program through a usability scale in addition to program content aspects may also 
provide valuable information on barriers and likelihood of use.  

The development of the IUSE was an important first step in the integration of usability 
testing in exercise medicine. We believe that there is a great potential for the scale to help 
clinicians and researchers enhance program design and facilitate long term use. Further 
research is crucial to add predictive validity evidence and determine appropriate cut-off 
scores indicating if the exercise program is likely to be used or not. 
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8 Appendices 
8.1 Strength training programs (Study 3) 
8.1.1 Program low 
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8.1.2 Program High 
Video of the exercise program can be found here: 
https://player.vimeo.com/video/884504025?badge=0&amp;autopause=0&amp;quality_s
elector=1&amp;progress_bar=1&amp;player_id=0&amp;app_id=58479 

The picture below summarizes the main components of the exercise program. 

 

https://player.vimeo.com/video/884504025?badge=0&amp;autopause=0&amp;quality_selector=1&amp;progress_bar=1&amp;player_id=0&amp;app_id=58479
https://player.vimeo.com/video/884504025?badge=0&amp;autopause=0&amp;quality_selector=1&amp;progress_bar=1&amp;player_id=0&amp;app_id=58479
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8.2 Qualtrics survey 
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8.3 Study 2: Interview Guides 
 
Post Intervention Interviews 
 
Participants: Coaches (n = 4 ) and players (n = 6) 
Where: In person at their school/training facility  
Time period: December 2022 
Method: Semi-structured interview 
 
Interviews with coaches 

• What is your overall impression of this injury prevention program?  
• What specifically did you like about this injury prevention program? 
• What specifically did you dislike or find challenging about this injury 

prevention program? 
 
 

• Would you like to continue using the program outside of the research setting? 
• If yes: Why? 
• If no: Why? 

 
 

• Based on the players’ survey responses, they did not seem to enjoy this program. 
Why do you think the athletes did not enjoy doing the program? 

• What would you change to ensure that athletes are doing it but also are 
enjoying it? 

 
 

• What were some reasons your team or individual players did not comply with the 
program? 

 
 

• What specific ways did you try to increase the players motivation to perform the 
IPP? 

 
 

• What are some specific strategies you would use to improve compliance with this 
injury prevention program? 

 
 

• What does an ideal implementation process look like in your mind? (When, what, 
how -  and why?) 
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• Who do you think has the main responsibility for implementing injury prevention 
programs? 

 
Additional questions: 

• As a former handball player, you might have some valuable insights and thoughts. 
How important is it that the players understand why they are investing in the IPT? 
Is it enough that the coach just tells them to do it? 

• To increase likelihood of sustained use, how important do you think it is that they 
like to perform the program, or experience some kind of effect from performing 
it? 

 

Focus group interviews with players (6) 
 
 

• What did you think about the exercise program? 
• What did you like about it 
• What did you dislike about it 
• What things would improve the program? 

 
 

• What would make you more interested or motivated to do this program? 
 
Design Thinking Activity 

• 3 people in each group (2 groups) 
• Generate ideas for  

• "How we, as researchers, coaches or others,  can help encourage players to 
perform IPT frequently" 

• "How can this program become more fun to do?"  
• "Do you have any suggestions for how you can include IPT as part of your 

weekly training schedule?" 
• One idea on each post-it 
• Vote on the best and second best idea 
• “Prototype” the best ideas 

 
 
 

• How do you feel about IPT being something you just "have to do", even though it 
might not be fun? 

• Progression - see the relationship between the exercises and/or “distance” 
between levels of difficulty? (Progresjon - sammenheng mellom øvelsene, 
avstand mellom vanskelighetsgrad) 

• Exercises - any exercises too easy or too hard (Øvelser - noen for lette og/eller 
kjedelige) 
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• How is it to focus on technique when performing a finte/cut of high quality 
including an opponent? Did you at all focus on technique in these exercises? 
Teknikkfokus i finteøvelse (Hvordan er det å fokusere på teknikk når man skal 
utføre en finte av god kvalitet mot en motspiller). Fokuserte dere på teknikk? 

• Specificity - To what extent did you feel the exercises relate to handball? 
Spesifisitet opp mot håndball 

 



 

123 
 

8.4 IRB Documents 
8.4.1 Study 1 and 2 
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8.4.2 Study 3 

 



 

126 
 



 

127 
 



 

128 
 



 

129 
 



 

130 
 



 

131 
 



 

132 
 



 

133 
 



 

134 
 

 


	EXPLORING USABILITY IN EXERCISE INTERVENTIONS: FROM CONCEPTUALIZATION TO MEASUREMENT AND APPLICATION
	Recommended Citation

	Author Contribution Statement
	Acknowledgements
	Abstract
	1 Introduction
	1.2 Importance of Exercise
	1.3 Adherence to Prescribed Exercise
	1.4 Usability of Exercise Interventions
	1.5 Dissertation Overview
	1.5.1 What did I do?
	1.5.2 Why did I do it?
	1.5.3 How did I do it?
	1.5.4 What did I find?
	1.5.5 What is the most important clinical impact/practical application?


	2  Usability Testing and its Application in Exercise Medicine: A Literature Review
	2.1 How to Measure Usability
	2.1.1 Usability and usability testing
	2.1.2 Nomenclature of usability measures
	2.1.3 Usability models and metrics
	2.1.4 Correlations between usability characteristics

	2.2 Usability Scales and Questionnaires and Their Applicability to Exercise Interventions
	2.3 Psychometric Properties in Scale Measurement
	2.4 Concepts and Theories Related to Usability
	2.4.1 Usability versus implementation science
	2.4.2 Usability versus user experience versus accessibility
	2.4.3 Usability and the Technology Acceptance Model
	2.4.4 The Theoretical Framework of Acceptability (TFA)
	2.4.5 Behavioral theories affecting use
	2.4.6 Implementation outcome measures
	2.4.7 Existing measures from related concepts and theories

	2.5 Summary and implications

	3 Usability Considerations for Enhancing Exercise-Based Injury Prevention Interventions
	3.1 Abstract
	3.2 Introduction
	3.3 Material and Methods
	3.3.1 Sample
	3.3.2 Intervention
	3.3.3 Outcome measures
	3.3.4 Statistical analysis

	3.4 Results
	3.4.1 Correlations between usability characteristics and intention to use
	3.4.2 Changes in usability scores from pre to post intervention

	3.5 Discussion
	3.5.1 Limitations

	3.6 Conclusion
	3.7 Acknowledgements

	4 Perspectives on Usability and Adoption of a New ACL Injury Prevention Program for Female Handball Players: A Mixed Methods Approach
	4.1 Abstract
	4.2 Introduction
	4.3 Methods and Materials
	4.3.1 Sample
	4.3.2 Intervention
	4.3.3 Outcome measures
	4.3.4 Patient and public involvement
	4.3.5 Statistical analysis

	4.4 Results
	4.4.1 Correlations between usability characteristics and improvement in KAM
	4.4.2 Usability characteristics affecting use of program
	4.4.3 Design Thinking

	4.5 Discussion
	4.5.1 Limitations

	4.6 Conclusion
	4.7 Clinical implications

	5 EVALUATING THE PULSE OF EXERCISE PROGRAMS: DEVELOPING AND VALIDATING THE INTERVENTION USABILITY SCALE FOR EXERCISE (IUSE) TO ENHANCE IMPLEMENTATION AND ADHERENCE
	5.1 Abstract
	5.2 Introduction
	5.3 Methods
	5.3.1 Equity, diversity, and inclusion statement
	5.3.2 Development of the first version of IUSE
	5.3.3 Sample
	5.3.4 Intervention Usability Scale for Exercise (IUSE)
	5.3.5 Online survey
	5.3.6 Exercise program
	5.3.7 Other measures for assessing validity evidence
	5.3.8 Statistical analysis
	5.3.8.1 Dimensionality
	5.3.8.2 Item response theory
	5.3.8.3 Reliability analysis
	5.3.8.4 Relations to other variables
	5.3.8.5 Hypothesis testing


	5.4 Results
	5.4.1 Dimensionality
	5.4.2 Item Response Theory
	5.4.3 Reliability analysis
	5.4.4 Relations to other variables
	5.4.5 Hypothesis testing

	5.5 Discussion
	5.5.1 Clinical and research implications
	5.5.2 Strengths and limitations

	5.6 CONCLUSION

	6 Conclusion and Future Research
	6.1 Theoretical contributions
	6.1.1 Practical contributions
	6.1.2 Next steps


	7 Reference List
	8 Appendices
	8.1 Strength training programs (Study 3)
	8.1.1 Program low
	8.1.2 Program High

	8.2 Qualtrics survey
	8.3 Study 2: Interview Guides
	8.4 IRB Documents
	8.4.1 Study 1 and 2
	8.4.2 Study 3



