
  I 

 

Augmenting deadlift technique using a 

sensory artefact to influence perception  

 

A phenomenology and embodied interaction driven exploration of strength 

exercising and how to use interaction to promote reflection 

 

Bjørn Anders Hoffstad Reutz 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis submitted as a part of the Master of Science in  

Informatics: Design, Use, Interaction 

 

Department of Informatics 

Faculty of Mathematics and Natural Sciences 

 

THE UNIVERSITY OF OSLO 
 

February 2019 



  II 

 

 



  III 

 

 

Augmenting deadlift technique using a sensory artefact 

to influence perception  

 

A phenomenology and embodied interaction driven exploration of strength 

exercising and how to use interaction to promote reflection 

 

 

 

 

 

 

 

 

Bjørn Anders Hoffstad Reutz 

  



  IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Bjørn Anders Hoffstad Reutz 

 

2019 

 

Augmenting deadlift technique using a sensory artefact to influence perception 

 

Bjørn Anders Hoffstad Reutz 

 

http://www.duo.uio.no 

 

Print: Reprosentralen, Universitetet i Oslo 

 

  

http://www.duo.uio.no/


  V 

Abstract 

 

This thesis explores strength exercising and learning of bodily skills as a field that can be 

augmented through introducing digital sensory artefacts, that aim to alter the way the 

performance is perceived. Using feedback from artefacts that target aspects of strength 

exercises, this thesis ends up with a design process that explores different exercises and how 

to influence them. Throughout this process injury prevention through correct technique is 

identified as important, and this helps form the final design. The final design ends in the 

construction of multiple identical research products, that are used for field-testing over 

extended periods, without the presence of a researcher. This study is grounded in a 

phenomenological approach to learning as an experience based activity. The experience is 

influenced through interaction with an artefact that relies on embodied interaction as a 

founding principle. This results in a study that emphasises the user’s perception of the 

interaction, and highlights the most important findings that effected this interaction. The 

thesis puts forth the notion of trust between user and artefact as a critical aspect for influence 

to arise from their interaction. The thesis further fronts that after an artefact is introduced and 

accepted by the user, removing said artefact can create grounds for new reflections and 

thoughts within the user. 
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 Introduction  
 

Attention to body and looks are a growing point of focus in today’s society. This has in turns 

lead to a greater deal of people going to the gym to exercise. If this is for their own benefit in 

correlation to health, or as a means to uphold the notion of body standards that we are being 

presented with and exposed to every day, is difficult, if not impossible to answer. An 

increasing number of people are exercising as a part of their everyday life, and as a result 

more people explore and practice strength exercising. 

 

As technology has become a part of our personal life, and is ever present (Gaver, 2002). This 

is apparent by the extended and ever growing role of smartphones, just to mention one 

example. Technology has also become a part of exercising, through devices that log our 

performance, be it mobile phone applications or pulse watches. Through the smartphone “all” 

information is available at any time. A simple and quick search on YouTube will procure 

many “right ways” of doing any given strength exercise. Hence, instructions on technique 

have become easily available and progression is measured by our apps and gismos. What 

these tools lack is explicit feedback on one’s performance. Without any guidance on your 

actual physical performance, can you really grasp the technique? Studies show that there are 

inherent risks with popular strength exercises and that a good way to decrease the chances of 

injury is through correct technique (Koegh, Hume, & Pearson, 2006).  

 

1.1 Motivation & Research Question 

I greatly enjoy creating things, be it drawing, mechanical or digital widgets. If I get an idea, I 

have to at the very least draw it and imagine it working. When I like an idea, I subsequently 

try to make it. I believe this is important for this thesis because it describes my mindset and 

will be reflected in the process. For me, exercising and strength exercising are a part of my 

recreational habits. Although I am by no means an expert, it allows me to properly focus on 

one thing, and leave all other thoughts of everyday life out of my mind for a period of time. 

As many others, I have used and still use some of the applications and technological gismos 

that are available to and created for exercising. I use them to measure my own progression in 

the forms of an increase or decrease in numerical values connected to my performance. As I 

study interaction design within the field of human computer interaction (HCI), I believed 
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there had to be other aspects to this than just applying technology as a means to measure 

progression based on numbers. This is part of what sparked my motivation for this study; to 

use technology to influence strength exercising. The other part of my motivation developed 

when I trying to learn a new exercise and I did what many of us do by “Googleing” the 

exercise. I discovered that videos and instructions were not hard to come by. However, when 

trying to mimic these instructions, I was struck by uncertainty regarding my own technique. 

This in time led to the other half of my initial question: How does one use technology to 

influence learning of a strength exercise? It was only through an explorative design approach 

with this initial question that my research question became: 

 

“How will a digital artefact that adds feedback to key elements with regards to safe 

technique of deadlifts as a strength exercise, alter the users’ perception of the exercise and as 

such the learning process, seen through Dreyfus’ model of skill acquisition novice to 

master”. 

 

1.2 Scope  

It is not my intent to create a commercial product as an outcome of this study. Rather, I intent 

to create an artefact that explores learning as an outcome of physical interaction and play 

between user and artefact. I will draw on phenomenology to help address how mind and body 

are one in learning a physical skill and how experience, both old and new, effects this 

process. I employ the term tacit knowledge to further explain how experience, learning, and 

body are connected. My design goal is to create a technological artefact for safe bodily 

learning. The design process is influenced by embodied interaction and thinking through 

doing. The process is conducted through a constructive design approach. With the aim of 

creating a research product, my design process incorporates my initial exploration, to design 

the artefact used to explore my research question.   

 

1.3 Structure 

Chapter 1: Introduction 

This chapter provides the introduction and motivation for the study, scope of the thesis and 

research question: “How will a digital artefact that adds feedback to key elements with 

regards to safe technique of deadlifts as a strength exercise, alter the users’ perception of the 
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exercise and as such the learning process, seen through Dreyfus’ model of skill acquisition 

novice to master”. 

 

Chapter 2: Background 

The chapter presents the background for the study through phenomenology, embodied 

interaction, strength exercises, biomechanics and injury prevention and lastly it goes through 

other studies of interest for this thesis. 

 

Chapter 3: Theoretical framework 

The chapter goes through the skill acquisition model of Dreyfus, maximum grip by Merleau-

Ponty and tacit knowledge by Polanyi. After having gone through the concepts, they are put 

into context with this study’s view on learning and influencing technique, as a part of 

reducing the chance of injury through an embodied approach to artefacts.   

 

Chapter 4: Methodology 

The chapter presents my methodology that guided my design process and prototype creation 

criteria. It analysis research through design, constructive design research and within this the 

approaches of showroom, field and lab, including how and what I employ from them. The 

chapter further explains and employs anatomy of prototype principles, and elaborates on 

research products and how they are implemented in the methodology as an end to the final 

design. 

 

Chapter 5: Design process 

This chapter goes into details of the design process, explaining both why choices were made 

and the technical aspects of all the prototypes that lead to the final one. This resulted in a 

finished research product which was reproduced to a total of five working research products 

for the testing of the research question. 

 

Chapter 6: Analysis 

The chapter explains the different data gatherings, how they were executed throughout the 

study and what method of analysis used on the data from the final test period. The method of 

analysis used in this study is systematic text condensation (STC). Lastly the chapter will 

present the findings of the STC analysis. 
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Chapter 7: Results 

This chapter will put the findings of the STC analysis into context through a model called 

timeline of use which in itself is a part of the findings. After having contextualised the 

findings, they are used to view how they correlate with Dreyfus’ learning model.  The 

findings are also used to view how the artefact and its use can be seen through maximum grip 

and tacit knowledge. Lastly, the chapter brings forth two findings that regard the research 

product as a physical artefact, to argue if it has achieved the goal of becoming a research 

product. The chapter concludes with a summary of the findings that are implemented in the 

discussion. 

 

Chapter 8: Discussion 

Here, I discuss my findings and results presented in chapter 7 and 8, arguing that a first-

person approach to measuring applicability of technology, can be beneficial. Then, the thesis 

highlights trust and influence through removal of the artefact. Further it elaborates on how 

these two aspects are key in opening for influential interaction, as well as a different 

approach to develop reflective thoughts.  

 

Chapter 9: Conclusion 

In chapter 9 I summarise the main arguments, and concludes this thesis.  
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 Background 
 

This chapter will go through what is considered the foundation of the thesis. With regards to 

the research question it will be presented in what foundations the view on learning, 

foundation for the artefact and its way of interaction. A basic foundation in bio mechanics 

and correlated studies of injury causes and prevention. Lastly presenting other thesis that 

serves as inspiration and guidance for the study.  

 

2.1 Phenomenology 

First a short introduction to what phenomenology is. Phenomenology is a part of the 

philosophical disciplines (Smith, 2013). Smith (2013) describes phenomenology as 

“structures of conscious experience as experienced from the first-person point of view, along 

with relevant conditions of experience”. The experiences are based in a range of forms, some 

of them being; perception, memory, emotion, bodily awareness and embodied action (Smith, 

2013). The scope of phenomenology as a field is rather big and has many contributors, in this 

study phenomenology serves as a backdrop for understanding of body, mind and experience 

are connected thereby also learning. It draws on the works of Dreyfus to explain learning 

through experience, Merleau-Ponty and how human positions itself towards the world and 

lastly it borrows from Polanyi to explain inherent experience.   

 

2.2 Embodied interaction 

Embodied interaction as Dourish (2004, p. 126) defines it is “embodied Interaction is the 

creation, manipulation, and sharing of meaning through interaction with artefacts”. This 

concept of embodied interaction he builds on linking social and tangible computing and 

argues that they are two different approaches to the same program of investigation. They both 

uses our “familiarity with the everyday world” (Dourish 2004, p. 99). Emphasising that both 

social and tangible interactions are a very prominent part of our world. They both capitalises 

on the experiences we hold as a part of everyday life and uses them to alter the way we 

interact with technology to make it more on par with this familiarity. He argues through this 

that the two approaches are based in the same idea, and this is what he calls embodiment. 
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2.3 Biomechanics and the mechanisms of avoiding injury  

This section will introduce the exercises that are areas of focus during the prototyping and 

testing phase to help understand what the exercises look like. Additionally, it will establish 

how the exercises were executed throughout the process of testing in different stages of the 

study, based on Koegh, Hume, and Pearson (2006).  

 

2.3.1 Exercises 

Squat 

When a person performs a squat with a barbell, a barbell with a varying amount of weight, is 

placed on the persons shoulders in a standing position. This is considered to be the starting 

position. The knees and hips are then flexed in order to descend into the correct position in 

which the surface of the thigh at the hip joint is just lower than the knee. This is the end 

position. When this position is reached, the person extends the knee and hip joint in order to 

get back up into an upright position. The exercise is usually repeated for several sets within 

the same workout (Koegh et al., 2006, p. 672).  

 

Bench press 

Bench press is performed from a laid out and face up position on a bench, gripping the 

barbell with both hands at shoulder broad distance. The movement consists of lowering the 

barbell towards the chest by allowing the elbows and shoulders to rotate and flex. To lift the 

barbell back up do, one does the opposite movement, pushing the barbell and extending the 

elbows to straighten the arms again (Koegh et al., 2006, p. 672). 

 

Deadlift 

Seeing as the deadlift is the primary focus of this thesis, I will explain the deadlift exercise 

more detailed. The exercise begins from a crouched position over the barbell with a neutral 

posture of the lower back. Here, one’s toes points forward and one’s feet are spread apart by 

natural distance. The person grabs hold of the barbell, with both hands outside of one’s 

knees, rolling their shoulders backwards to get them into a closed position. This helps in 

maintaining a neutral or normal posture of the lumbar area of the lower back. Maintaining 

this posture, the person stands up while the barbell slides along the shins, and up over the 

knees. The person will then be in a fully erect position with the barbell positioned at the 
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upper thigh, below the waist. In this position, the person’s arms are straight (Koegh et al., 

2006, p. 672).  

 

During the lifting phase, all rotational momentum should be in the hips and knees. Bending 

the lower back before getting to the hip rotation will put stress on the lower back. The last 

phase of the exercise is the descend. When descending, the person flexes in the knees and 

hips, going down in a sitting motion while sliding the barbell along the thigh and shins until 

the barbell is resting on the ground and the person is back in the starting position (Levangie 

& Norkin, 2001). 

 

2.3.2 Biomechanical mechanisms, the lumbar and causes of injury 

 

Shear force 

Levangie and Norkin (2001, p. 23) define shear force as “force that is applied parallel to 

contacting surfaces in the direction of attempted movement”. Shear force is closely linked to 

friction, considering how friction plays a role when two objects touch. When two objects are 

in contact with one another, a frictional force occurs between the surfaces of the objects in 

question. In order for the objects to move, a force has to be applied in parallel to the 

contacting sides of the object that attempts to move another object. This is called shear 

force (Levangie & Norkin, 2001).  

 

To give an example, one can imagine a human sized statute, placed on the floor, while a man 

tries to push it sideways along the floor. In this case, the friction is the resisting force that 

exists between the floor and the bottom of the statue. The shear force is the pushing power 

the man creates when trying to move the statue. For the statue to move sideways the pushing 

force has to be greater than the resisting force of the friction. 

 

Moment arm 

“A moment arm is the shortest distance between the action line and the joint axis and is 

found by measuring the length of a line drawn perpendicular to the force vector, intersecting 

the joint axis” (Levangie & Norkin, 2001, p. 35). In other words, the moment arm is the 

shortest line between the applied force and the rotating point. Think of a wrench that is 

attached to a rotating bolt. The moment arm is the distance from the rotating bolt to the hand 
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that applies force to a wrench. By shortening the distance to the bolt, the moment arm 

becomes shorter and more force needs to be applied to turn the bolt. Lengthening the arm by 

gripping further out will decrease the amount of force that needs to be applied to turn the 

bolt. 

 

Torque 

Torque or moment of force is the ability of any force to cause rotation of a lever; “torque is a 

product of the magnitude of the applied force and the distance that force lies from the axis of 

rotation” (Levangie & Norkin, 2001, p. 30). Torque is linked to moment arm in that the 

length of the moment arm determines the amount of torque a given amount of force can 

create. In the example of the moment arm and the wrench, the amount of torque is decided by 

how far from the rotational bolt or axis the force is applied.  

 

General composition of the lumbar core 

In very general terms, the spine and lumbar spine consists of vertebrae disks stacked on top 

of each other, as shown in Figure 1 and Figure 2. In between the vertebrae disks there is an 

intervertebral disk consisting of the annulus fibrosus and a centre called nucleolus pulpous 

(see figure 1). The nucleus and fibrosus consists of the same, but there is a higher 

concentration of water in the nucleus (Levangie & Norkin, 2001, p. 119).  This enables the 

nucleus to expand and shift accordingly to pressure applied to the disks and also to work as a 

shock absorber (Levangie & Norkin, 2001, p. 127).   

 

 

Figure 1 From left the intervertebral disk is shown cross sectional and then the vertebra joint structures (Levangie & 

Norkin, 2001). 
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Figure 2 a) shows a lateral view of a typical lumbar vertebra, b) a superior view, and c) posterior view of a lumbar vertebra 

(Levangie & Norkin, 2001). 

 

Shear distribution 

When shear force is applied to the spine it acts on the midplane of the disk and the shear 

force will cause movement. The direction of the shear force is determined by which way the 

vertebra moves, either forwards, backwards, or sideways (Levangie & Norkin, 2001, p. 

128). In the lumbar spine, shear force is distributed between the zygapophyseal joint and the 

disks (Levangie & Norkin, 2001, p. 128). When undertaking a sustained load, the disks move 

ever so slightly, and the zygapophyseal joints may need to resist all of the shear force 

applied. This is turn creates an accumulation of the entire load to a smaller area, increasing 

the strain (Levangie & Norkin, 2001, p. 128).  

 

Lifting 

When lifting from a fully flexed spine position, the extensor musculature is at a disadvantage. 

This disadvantage is due to the moment arm being shorter than when one is lifting with a 

neutral position of the back. A neutral posture will lengthen the moment arm by shifting the 

rotational axis lower down and onto the hip joints allowing for more torque to be created. 

Shifting the rotational axis down to the hip joint also shifts the lifting force, causing it to be 

generated from the hips down rather than in the lower back as well as the legs, allowing 

bigger muscle groups to do the lifting. Additionally, when lifting with a flexed spine position 

the elongated state of the muscles makes them less efficient (Levangie & Norkin, 2001, p. 

154). Lifting with a flexed spine will cause the intradiscal pressure to increase rather 

substantially by compression and shear force. This is the main reason not to lift while having 

a flexed back (Levangie & Norkin, 2001, p. 154). The injury potential of lifting while ones 

back is fully flexed will be elaborated upon below.   
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Possible and common injuries 

According to Levangie and Norkin (2001, p. 158) the lumbar region is very susceptible to 

injury and damage. Injury occurs when the strength of a tissue is exceeded by the load 

applied (Levangie & Norkin, 2001, p. 158). A common way to injure the lumbar region is by 

repetition of applying a load, as shown in Figure 3. This type of injury, through repetition, is 

typical when lifting objects over and over (McGill, 1997, p. 467). Although the applied load 

is well within the tolerance of failure, the repetition will, over time, cause fatigue and lower 

the failure tolerance to a point where the two lines cross and injury occurs, as illustrated in 

Figure 3 (McGill, 1997, p. 466). McGill (1997) notes that the heavier the load the quicker 

this process will progress. Hence, when lifting with flexion rather than a straight back, the 

load will be inherently greater as the moment arm is shorter even though the load is of the 

same weight.  

 

Figure 3. To the left displays the difference between an applied load within the failure tolerance and one that exceed this 

tolerance which in turn lead to injurie. The right figure shows how applied load over time reduces the failure tolerance over 

time (McGill, 1997, p. 466).  

 

Levangie and Norkin (2001, p. 158) argue that disk herniation is a common injury in the 

lumbar and suggest that this is associated with repetitive or prolonged loading of the back in 

a flexed position. McGill (1997) indicates the same, that disk herniation is hard to produce 

from a single high load and is the result of repetitive load or sustained load causing 

accumulation of trauma that can lead to disk herniation. Disk herniation is a result of load 



 19 

pressure on the nucleus populous that causes it to rapture or push through the outer layer of 

the annulus fibrosus. 

 

Koegh et al. (2006) found that within competitive power lifting, the amount of injuries is 

surprisingly small. I note that although this pertains to individuals with different levels of 

skill, none of them can be considered novices or advanced beginners as all of the participants 

in Keogh et al.’s study are required to have a background of at least one year of competitive 

lifting (Koegh et al., 2006, p. 673). The study defines injury as “physical damage that caused 

the lifter to miss or modify one or more training sessions or to miss a competition” (Koegh et 

al., 2006, p. 674). In their study, albeit a low amount of injuries (4 injuries per 1000 hours of 

training), the majority of the injuries happened in the shoulders (36%) and lower back and 

lumbar area (24%) (Koegh et al., 2006, p. 675). The shoulder injuries are speculated to be 

connected to bench press, seeing as this exercise can put an immense amount of stress on the 

joint and rotational cuff of the shoulders (Koegh et al., 2006, p. 678). Lower back and lumbar 

injuries are associated to the squat and deadlift exercise (Koegh et al., 2006, p. 678). Their 

study also found an even lower amount of lower back injuries when looking at older and 

more experienced power lifters and argues that experience is an important factor in reducing 

power lifters injuries (Koegh et al., 2006, pp. 679-680).  

 

The factors mentioned above are not the only types or causes of injury that can occur in the 

lumbar area of the back. The aim of this sections was to give a general view and 

understanding of the lumbar, without diving deep into the biomechanical mechanisms and 

anatomy of the human body. The scope of this thesis is about enforcing good technique 

through learning to minimise the chance of injury. 

 

2.4 Other studies of interest 

The following articles are considered to be closely related in that they all employ the usage of 

wearable sensor systems to measure some part of physical exercises. Their goal and purpose 

differ from the approach of this thesis, but it all encompasses the usage of sensory technology 

to effect training and exercise. 

 

The first article considers intensity of strength training and explores a wearable multi sensor 

system based on accelerometers and smartphone usage (Pernek, Kurillo, Stiglic, & Bajcsy, 
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2015).  The goal was to identify which upper body exercise was being performed as well as 

measuring the intensity of the performance. To do this the authors applied five 3-axis 

accelerometers placed on the chest, both wrists and both upper arms, all connected to a 

smartphone via Bluetooth to act as a hub. The study used a motion capture system throughout 

the testing to act as a reference point. The focus was on the reliability and robustness of the 

algorithms used to accurately identify the exercise and intensity. The authors propose their 

method, using a wearable multi sensor system to identify what exercise is being performed 

and measuring its intensity, as an alternative to 3D motion capture. The study is performed in 

a laboratory setting and does not involve making use of the information from a user 

perspective.  

 

Similarly, O’Reilly et. al (2017) sought to develop a means of evaluating the deadlift 

technique using inertial measurement units (IMU). The reasoning behind the use of IMU 

systems rather than 3D motion capture was to explore a more inexpensive option that could 

take this sort of assessment out of the laboratory setting. However, their study is performed in 

a laboratory setting, and executed there to ensure the accuracy of the findings in the study. 

All the participants in O’Reilly’s study were measured with the sensors and were also 

observed systematically by a physiotherapist, this to act as a reference. The data gathered 

from the five sensory units, placed at the fifth lumbar vertebra, and both thighs and shanks, 

were processed and analysed using Mathlab. A thorough approach with the goal of 

“determining if IMU systems could accurately identify deviations from acceptable deadlift 

biomechanics” (O’Reilly et al., 2017). Not included in their study was a system giving 

feedback on user’s technique and performance and how the study affects the user. 

 

Spina et. al (2013) however, uses feedback from technique to influence the user’s 

performance. This is done by simply using smartphones sensors and a custom app to guide 

rehabilitation exercises with the goal of creating a system that allows for exercising without 

the presence of a therapist. Using a standard smartphone as a wearable sensor and feedback 

device, accompanied by a custom app, allows the phone to be used as a coach to guide 

intensity and pattern of a range of motion exercises. In order to use the app, a baseline had to 

be established, and to do this, the app had a “teach mode”. The user, together with a therapist, 

would go through the exercises to create and store a baseline for each exercise under 

guidance. To use the “train mode” the participant simply needed to access this in the app, 

place the phone in a holster and attach to relevant body part. The app would use the baseline 
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to guide the performance through acoustic vocal feedback with short phrases like “move 

slower” if it recognised that the performance was faster than the baseline. Their study was 

performed under supervision by a therapist to ensure the rehabilitating participant’s safety 

throughout the study. In addition, it was recorded on video for later study and reference. 

Their study is aimed for usage in a natural, unsupervised setting, but due to safety 

considerations, it was executed and recorded in an artificial setting. 

 

Tholander and Johansson (2010) explores non digital artefacts in the real world that are 

known for leading to lasting use and interaction. The study looked into golf and 

skateboarding. The authors also analyse an interactive movement device called BodyBug, 

and explored how skilful use of this artefact could alter the users experience of the world. 

The study offers eight interactional qualities for whole body movement-based interaction. 

These eight interactional qualities are as follows: 

 

1. Interaction that connects to physical space. This quality concerns allowing the user to 

be connect continuously to the experience in their physical surroundings. This opens 

the user to adapt how they perform an action in correlation to the feedback or 

responses from the artefact. The quality prompts a need in the design of this sort of 

interaction for the user to be able to adjust any disruption in the dynamic in action and 

the response between artefact and user. 

2. Counter intuitive interaction explores how counter intuitive movement and 

experience can open for a richer interaction, building complexity that challenges the 

user. 

3. Bodily feedback uses the body itself as a fundamental part in how we experience the 

world. This notion must also be regarded as essential for designing bodily interfaces. 

4. Harmonizing modalities in interaction views how different perceptual modalities help 

integrate the users’ body, artefact, and environment in interaction. 

5. Open ended response uses feedback from movement to open for individual 

interpretation, aiming at allowing the user to subjectively interpret the feedback to 

form their activity. Having an open ended response makes it possible to shape the 

activity for richer interactions. 

6. One size fits all involves designing an artefact that accounts for the physical aspects 

of skill in action and complexity of movement. It is through these physical aspects 

that increasingly advanced action is possible, rather additional features to the artefact 
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itself. Thereby, the user relys on the physical world and how he or she uses the 

artefact, rather than having the artefact increase in complexity to advance action. 

7. The devil in the details focuses on exploring the small interactions. It takes into 

consideration how small alterations in handling an artefact can impact the overall 

performance. 

8. Appreciate failure explores how working towards successful action is a driving force 

in interaction. In order words, how becoming better and better and almost making it is 

a driving force. 

In my study, these qualities serve as inspiration for the design process and construction of the 

artefact as well as a point of discussion. 

 

Klemmer, Hartmann and Takayama (2006) present five themes believed to be of particular 

relevance in designing and evaluating interactive systems. Thinking through doing is the first 

theme and involves how mind and action or thought and body are intertwined and together 

have an effect on each other in order to produce learning and reasoning. The second theme is 

performance and describes how diverse bodily actions are and that physical action can be 

better suited than symbolic cognition. Visibility is in the realm of social affordance, and 

shows the artefacts role in cooperation and collaboration. Risk elaborates upon how risk, as a 

part of interaction, will shape the interactions between human and artefacts in a social and 

physical setting. Lastly, thickness of practice suggests altering physical world rather than 

replacing it with the digital. By merging the two one can draw on the strengths of both. 

 

The articles’ relevance to my study is in the usage of sensors to measure some aspect of the 

activity, here referring to the lumbar posture during deadlifts. The goal is to introduce a 

sensory artefact into the learning experience of the participants in a natural setting without 

supervision or recording done by the researcher. Performing the study in a natural setting will 

establish a learning experience without the researchers influence, and allow the researcher to 

gather the users view of the usage based on their own experience in this natural setting. This 

is where my study differs most from the others. Feedback to the user with the intention of 

influencing further performance is critical to this study. Rather than focusing on the 

reliability and completion of algorithms, the study targets easily measurable components of 

the exercise and gives instantaneous feedback to the user in order to alter their perception of 
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their performance. The infield approach that offers actual feedback through use is the main 

strength of my study, and is what the main part of the study will focus on. 
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 Theoretical Framework 
 

This chapter will first introduce Dreyfus’ model of the five stages of skill acquisition, 

Merleau-Ponty’s maximum grip, and Polanyi’s tacit knowledge. After giving a presentation 

of their work I will tie them all together and show how I view it all as connected to learning 

of bodily skills. Additionally, I explain how I view the theory as beneficial in reducing the 

risk of injury while learning a strength exercise through an embodied approach. 

 

3.1 Five stages of skill acquisition, maximum grip and 

 tacit knowledge 

As mentioned, this thesis’ view of learning of skills is based on Dreyfus and his model of 

skill acquisition. To help form the learning process, I will utilise maximum grip and tacit 

knowledge to help understand learning, what drives it and how we use previous experience. 

 

In this thesis, the term experience pool will be used to include all the relevant experience the 

learner gathers throughout his or her learning process. This includes anything from task 

specific to random knowledge, as long as the learner establishes any kind of link between the 

task and the experience or knowledge.  

 

Five stages of skill 

Dreyfus presents a five-stage skill acquisition model in his article (Dreyfus, 2004). This 

model is made to explain how adults acquire new skills and what skill stages they go through. 

It also considers how well adults cope with an activity at different stages, and explains the 

criteria for every step in the activity and how to advance in a good way. Dreyfus (2004) 

shows the different stages in his model by dividing it in five different stages; the novices, the 

advanced beginners, the competent, the proficient and the experts.  

 

Stage 1: The Novices 

The novice stage is the first step of the learning ladder towards the expert stage. In this 

stage, activities are normally decomposed into context-free features (Dreyfus, 2004). 

These activities are decomposed into individual features, so the learner can get accustomed to 

the respective parts of the activity, without needing previous experience within the domain. 
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The learner also needs to have rules that are combined with these decomposed features to 

guide his or her actions towards the general goal of the activity. However, at this stage the 

performance will be poor seeing as the learner is unable to grasp the full extent of the 

activity, and only the rules and basic actions. Any deviation from the standard way of 

preforming the task will confuse the learner or lead to a poor result.  

 

A martial arts apprentice first needs to understand the rules and the basic moves, attacks 

and defences, explained as individual repetitive activities guided by rules such as, ‘when 

your opponent does this, you will respond like this.’ 

 

Stage 2: The Advanced Beginners 

When the novice starts to recompose the features into a rule driven activity, they can start to 

use real situations or guidance to both learn and recognise new relevant aspects of 

the activity. When the novice has collected an ample amount of situational aspects and 

learned to recognize these, this can be used as a part of the novice’s limited experience 

pool. Although still rule driven, the learner now grasps the basics and can start to analyse and 

look at deviations and try to figure out how these can strengthen or weaken the activity. 

 

The apprentice starts to recompose the individual activities of moving, attacking and 

defending into a flow of activity, trying out the moves based on guidance and rules. The 

learner will also find ways to apply the techniques through trial and error. 

 

Stage 3: The Competent 

As the advanced beginner endeavour more and more aspects, the amount of information 

can stagger the process of performing the activity. As this happens, the advanced 

beginner needs to start a cognitive selection of which aspects that fit into the 

perspective he or she has of the activity at any given time. This decision making is a big 

part in coping with the new activities, and also in limiting the ever-growing number of 

possible, relevant aspects into something one is able to handle. By doing this, the advanced 

beginner starts to make inherent guidelines to situations that add to the experience 

pool and will over time help the decision making. This is a process of trial and error that 

is guided by the rules of the activity, by which the advanced beginner still depends on. 
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The apprentice is now looking for openings to attack and dangerous situations to avoid. 

The competent will use the movement and positioning of the opponent to help guide the 

apprentice in finding relevant defensive and aggressive reactions and moves. 

 

As the involvement into the task increases, the self-made situational guidelines play a 

bigger and bigger part in the decision making rather than relying purely on the rules of 

the activity. This creates an emotional connection to the task. Depending on the 

outcome of the task, the competent’s state of emotion will change correspondingly, which 

will help guide the learning process of the experienced outcome initiated by the different self-

made guidelines. Fails can fuel the urge to become better and victories give a satisfying 

feeling. The emotional connection to the task helps the learner want to achieve. 

 

Stage 4: The Proficient 

If one is to advance up the ladder, the emotional connection to the activity that guides 

the inherent learning needs to become the competent’s focus rather than strictly 

following the basic rules; such as the learner depends on in the earlier stages. The emotional 

connection guides responses to situations based on positive and negative outcomes 

from earlier instances of a similar type. Now that there has been a shift in focus, 

learning can take place based on one’s own experience. The next step is using this 

experience to achieve the goal of the activity. The experience pool is now quite big, yet 

the learner still has not used the pool enough to know the outcome of all possible situations. 

This in turn leads to the goal being instantly clear. However, there is still a decision process 

that needs to take place in order to determine how best to achieve the goal.  

 

The martial arts apprentice now constantly reads the situation and, based on experience, 

will try to predict the opponent’s movement pattern and plan ahead of the next move. This 

is a faster and more skilful process than for a competent. 

 

Stage 5: The Expert 

For the proficient to take the final step on the ladder and become an expert, he or she 

needs to have an immense experience pool and know how to draw from it based on the 

expected outcomes. The real difference between a proficient and an expert is that the 

expert reacts rather than reflects. This means that the activity, and its many aspects, are 
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now embedded into the person, and any thought process is hardly necessary in order to 

cope with the situation. Seeing as the expert has “seen it all” and as such can remember 

the same or closely related situations, he or she can react based on memory. 

 

For an expert martial artist, attack, defence, and movement has become an immediate 

response based on muscle memory and experience. The expert recognizes the opponent’s 

stance and movement and based on the vast experience pool, knows how to best handle his 

or her opponent, making adjustments when needed. 

 

He or she has now been through the activity and its variants so many times that it has 

become natural; not only is the goal clear, but how to best get there is also apparent. 

This is the big difference between the proficient and the expert. The ability that comes from 

having a vast experience pool to make fine adjustments in the strategy on the fly without 

having to spend much time to think it through, is what defines the master stage. 

 

3.2 Maximum grip 

Merleau-Ponty offers the notion of maximum grip as a part of human behaviour, 

pointing out that “higher animals and human beings are always tending towards getting a 

maximum grip on their situation” (Merleau-Ponty as cited in Dreyfus, 2004). Merleau- 

Ponty exemplifies this type of human behaviour as: “for each object, as for each picture in 

an art gallery there is an optimum distance from which it requires to be seen (...)” (Dreyfus, 

2004). If one has maximum grip on an object, the person is able to hold or 

handle it in an optimal way according to the situation or activity (Dreyfus, 2004). To 

have maximum grip of a situation or an activity is to preform that activity in an optimal 

way, so there is no need to physically handle the object to have maximum grip (Dreyfus, 

2004). It all has to do with how one places oneself according to an activity, object or 

task. 

 

As Merleau-Ponty suggests, trying to get the best possible grip of any situation is an 

innate human tendency (Dreyfus, 2004). This tendency is a part of everyday life in how 

we skilfully act to cope with the flow of activities and situations one has to expect. We 

act on these situations based on experience and try to maintain an equilibrium with the 

situation around us; always adapting to maintain it. However, when the situation deviates 
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from the expected outcome and the equilibrium is broken “one’s activity takes one closer to 

that optimum and thereby relieves the “tension” of the deviation” (Dreyfus, 2004). 

 

To exemplify human tendency and maximum grip, let us look at a gymnast doing a set of 

exercises. There will be a clear difference in performance depending on the skill level and the 

frame of mind on the specific day. A bad day or lack of training can interrupt the flow of the 

activity, and cause the person to struggle to maintain a centre of balance. Applying the 

correct amount of rotational force in a jump, may break the equilibrium. This in turn breaks 

the grip on the situation as it is not performed in an optimal way. However, an expert 

gymnast or a person having a good day can do the set of exercises in an optimal way, easily 

maintaining a centre of balance, applying correct amount of force to stick the landings with 

ease. As such, the person can uphold the maximum grip and thereby equilibrium of that task. 

 

Thus, maximum grip is to handle something in an optimal way based on experience and also 

includes the innate tendency to uphold an equilibrium within the situation. Maximum grip 

does not have to be a goal in itself, but is a part of coping with a situation. 

 

3.3 Tacit knowledge 

“How do I explain this?” is a common phrase used, and for this theme, it is very fitting. 

Polanyi (1967) calls this type of knowledge tacit knowledge. It encompasses knowledge 

that is difficult to explain in words and that is an inherent part of the holder of the 

knowledge. This knowledge is often a learning outcome of repeating an activity over 

time, learning by doing and through trial and error. Tacit knowledge is differs from explicit 

knowledge, seeing as explicit knowledge is knowledge that is mostly gathered by reading or 

listening, and is often possible to reference from somewhere (Nonaka & Von Krogh, 2009). 

To exemplify this difference, we can use the activity of someone learning to ride a bike. This 

task can be decomposed into four categories: pedalling to make the bike go forward, using 

the breaks to slow down or stop, using the handle bar to steer the bike and lastly maintaining 

a centre of balance just above the bike to not fall over. The three first are rather easy to 

explain or exemplify, they can also, to an extent, be taught by studying a manual, as they are 

physical actions with clear outcomes. On the other hand, holding one’s balance can be quite 

hard to describe in words or demonstrate, as it is an inherent action with no physically 
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recognisable features other than that you are doing it, and so it is hard to mimic. One can say 

that tacit knowledge comes from within and explicit from outside. 

 

3.3.1 Two dimensions: the proximal and the distal  

Tacit knowledge can be split into two dimensions; the proximal and the distal. Polanyi 

(1967) gives a great example of the dimensions, using a blind man with a stick. 

One can feel the stick in hand (the weight, balance point and texture of it) and how the 

weight of the arm and balance point changes. This would be the proximal dimension and 

is shown through the feeling of one’s own body and how outside changes makes one 

adapt; tensing muscles and shifting weight. On the other hand, when the blind man 

learns to feel the changes at the end of the stick, the awareness has shifted from the 

feeling of the stick to feeling with the stick. This is the distal dimension; when we use 

something outside of ourselves as an extension through which we interpret the feeling we 

receive through it. If it feels like the stick slides across a surface, we can assume that our 

hand would do the same. Thus, one is translating the feeling from the stick to a feeling within 

the body. 

 

The above example shows the two different kinds of knowledge and how they interacts. The 

proximal dimension is the embodied feelings of the holder, based on readings of the nervous 

system and the distal dimension concerns how we use the something outside ourselves, and 

translate it to a proximal feeling. 

 

3.4 How tacit knowledge and maximum grips influence 

learning 

 

3.4.1 Tacit knowledge and learning 

Many skills have aspects of tacit knowledge as an inherent part of the activity, and must be 

learned by doing. As discussed earlier, tacit knowledge often comes from working with the 

skill or activity (Nonaka & Von Krogh, 2009). This corresponds with Dreyfus’ model of skill 

acquisition, considering that it is only through repetition and gathering of experience that one 

will ever master the chosen activity. Many skills have aspects of both distal and proximal 

tacit knowledge. Dreyfus (2004) uses the example of a person learning to drive a car through 
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his explanation of the stages. He mentions multiple times that the driver feels the speed of the 

car “through the seat of his pants” (this can be seen as distal as the driver translates the 

feeling of the clothing and interior of the car to read the situation). He also point to the fact 

that the driver puts or relieves just enough pressure on the pedal to accelerate or decelerate 

appropriately to the situation (this can be seen as proximal in that the muscle pressure and 

weight of the foot shifts according to the situation). Those are arguably both examples of tacit 

knowledge connected to the skill, and this will improve with the learner as he or she goes 

through the stages of learning. By this example, tacit knowledge regarding the skill is not 

only honed by repetition, but also a criteria for the learner to advance as the tacit knowledge 

becomes an integrated part of the experience pool. It would be hard to estimate when the tacit 

dimension really comes into play when used as a part of the Dreyfus skill model, as it is very 

skill dependent. Hence, any skill that has aspects of tacit knowledge will depend on and hone 

them more and more, the better one gets within the domain of the skill in question. So, one 

can say that the higher stages of skill acquisition are more dependent on tacit knowledge than 

the lower, less context dependent and decomposed tasks. Although, they in turn might help in 

laying the foundation for some of the tacit knowledge that will play a big role in the later 

steps of becoming an expert. 

 

3.4.2 Maximum grip and learning 

Some objects and situations may be easier than others to get a maximum grip on, whilst some 

might require a bit more practice. As seen in the earlier example, the expert gymnast is more 

likely to have a better maximum grip on gymnastics that a freshman. This means that having 

a good skill set can be closely related to a situation one strives to get a maximum grip on will 

and will ease this progress. This also ties the Dreyfus model of skill acquisition together with 

maximum grip as an outcome of the learning process. When a novice gymnast goes through 

the stages to become an expert, the likelihood that he or she will get an improved grip of the 

different aspects of artistic gymnastics, which will increase with the skill level. On the road to 

mastering the gymnastics skills, the maximum grip will be how the gymnast best can perform 

at any given stage. Hence, by going through the learning process of acquiring a skill, one also 

develops a grip on the situation. The maximum part of this grip will be how one best can 

handle the skill at any given time. Thus, the absolute maximum grip is not achieved before 

one masters the skill fully. As this is the absolute highest skill level one can achieve, it will 

also be the most demanding to have a grip on. 
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3.4.3 An experience-based approach 

When looking at learning through the skill acquisition model presented by Dreyfus, as I see 

it, learning is affected and enabled by the following premises. Firstly, the human tendency 

towards getting a maximum grip, seeing as it is a driving force, in establishing an equilibrium 

with any situation. Secondly, embodied tacit knowledge in close or direct relation to the skill 

that is adaptable or useable in the given activity. Lastly, the growing experience pool of the 

one who is learning. This is directly affected by maximum grip and tacit knowledge as they 

are both grounds for new and existing experience. As I see it, even though the experience 

pool is directly influenced by maximum grip and tacit knowledge, it is still a factor by itself 

as it is a main premise in Dreyfus’ skill acquisition model. 

 

Strength exercises often require full body involvement, and is best done in environments that 

are specifically made for them to be practised in. So, making the artefact a part of the already 

existing interaction that takes place, in either body or equipment, seems reasonable as a way 

of affecting the relationship. This thesis uses embodied interaction as described by Dourish 

(2004), and is performed by making the technology a part of the familiar situation in the 

physical realm. By making the interaction a part of the exercise through using the already 

established mechanics and relying on the senses that are less occupied to be receivers of 

informative feedback, I hope to make the interaction as close to what it is already established 

as. To base the research in a familiar situation also puts some requirements on the 

technology. It is not enough to imagine that this would break the equilibrium with how one 

recognises the situation. Rather employing technology artefact that is of a standard that 

allows for actual use will maintain the equilibrium with the known situation of exercising. In 

this way, one is able to add a meaning of technique through the action.  

 

When I started my research, this was my main focus: To influence learning of a bodily 

exercise by creating an artefact that could target the dimensions of tacit knowledge and 

maximum grip. Adding my artefact to the already established interaction draws on 

embodiment as a way of enhancing the interaction. At this point, I did not have a well 

formulated research question but rather an idea, and this was the premise for the initial 

prototyping, as can be seen in the prototyping process in chapter 5. The prototyping process 

helped me identify my final goal for both what exercise I wanted to work with, what to target 

within that exercise, and lastly made me realise and add the aspect of safety and injury 
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prevention as a cornerstone of what to focus on. This led to the inclusion of how to prevent 

injury, that can be done through learning. 

 

3.5 Chance of injury and advancement in level of skill 

As seen in Koegh et al. (2006) there is a notion that the better technique one has the lower the 

amount of common injuries are. By this notion, one should be able to reduce the chance of 

this kind of injury by increasing the technical skill. This links injuries, biomechanics and 

learning. If one can have good technique from the start or learn good technique faster, based 

in the biomechanics’ mechanisms (Levangie & Norkin, 2001), that help enforce correct 

technique and reduce injury, one should be able to lower the chance of injury faster. When 

put into Dreyfus model of skill acquisition, one could say that the faster one can move from 

novice towards master with regards to technical skill, the easier it should become to avoid 

injury. The technique should improve and thereby give less room for injury as seen in Koegh 

et al. (2006), and the shorter time span might help in reducing the amount of repetitions 

needed. This should result in less fatigue and trauma that would lower the threshold of injury 

as McGill (2006) indicates and illustrates in Figure 3. If every repetition has an added notion 

of technical improvement, rather than just increasing physical strength, the learning might be 

more percent which can result in fewer repetitions needed to advance in skill level.  

 

This leads me to my research and approach. By introducing an artefact that alters the way one 

perceives and learns the exercise, I hope to create a better and safer learning experience. I 

will do this by targeting aspects of the activity that are key to establish and to maintain good 

technique. In addition, I ground it all in one or more of the aspects of tacit knowledge, 

maximum grip, repetition and experience pool that effect learning, as discussed above in my 

view of their role in learning a new skill. I will rely on embodied feelings and notions that 

can be made explicit through the added feedback of the artefact to enforce the focus on 

technique. This is what goes into and helps formulate my research question:  

 

“How will a digital artefact that adds feedback to key elements with regards to safe 

technique of deadlifts as a strength exercise, alter the users’ perception of the exercise and as 

such the learning process, seen through Dreyfus’ model of skill acquisition novice to 

master”. 
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 Methodology 

 

This chapter goes through the methods and their appliance, which forms the methodology for 

the research and research through design as the overall approach for this thesis. This thesis is 

guided by constructive design research and anatomy of prototype, to create valid prototypes 

and a research product. Having a valid research product must be achieved before testing the 

final artefact to ensure the highest possible quality. 

 

4.1 Research through design (RtD) in a HCI framework 

 

4.1.1 The practice of RtD in HCI  

It is useful to do research by applying and borrowing from design practices with regard to 

methods and practices (Zimmerman & Forlizzi, 2014). What makes RtD different from 

normal design practice is the focus on producing knowledge through exploration of research 

questions (Zimmerman & Forlizzi, 2014). RtD aims at showing what could exist through 

designing prototypes and other devices to explore possible new futures through these 

artefacts.  

 

I imagine a future with less unnecessary injury amongst those new to strength exercises, as 

well as a better learning experience of the exercises through reflection as an outcome of 

added feedback by sensory artefacts. However, in the start of the study this was not clear to 

me yet. My general idea was to apply sensory systems to the body to give feedback on 

performance and thereby impact the experience. I made my initial prototype based on this, 

and used it as a tool to explore the field of strength exercising and what would or would not 

be important. Hence, the prototypes through the initial design process were not only tools to 

explore or question my research theme. They were also tools to gain information and 

understanding around the most foreign aspect to me, this being the biomechanical aspects and 

the general practises in learning strength exercises. The design process as a whole will be the 

theme in chapter 5, whilst in this chapter I will include some general thoughts that guided me 

through it.  
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4.1.2 Constructive design research 

Constructive design research has a main focus around construction, meaning that it is through 

the constructed artefact, system, scenario, amongst others, that knowledge is gained 

(Koskinen, Zimmerman, Binder, Redstrom, & Wensveen, 2011, p. 5). The construction is an 

actual manifestation of the core idea of the research. This means that this as an approach that 

goes beyond concepts. 

 

I employed constructive design research in my process of designing. I view this as a great 

way to gain knowledge both when doing exploration through the design space, and when the 

prototype is central to the research question. This way of working stayed with me throughout 

the entire process. Using my initial prototypes as points of interest, gave me knowledge about 

the prototypes specifically. The prototypes also served as starting points from which to 

explore in order to gain a better understanding of the whole picture. Seeing as the prototype 

was crucial to the process, it was valuable in constructing and improving the last iterations of 

the final prototype, to create an artefact well suited for gathering data towards my research 

question. To make sure that the prototype is an actual manifestation of the core idea, I made it 

the centre of my research. I find this helpful as a way of improving it as an artefact and to 

ensure quality, as all gained knowledge ties directly into the prototype. To quickly reiterate 

the research question: “How will a digital artefact that adds feedback to key elements with 

regards to safe technique of deadlifts as a strength exercise alter the users’ perception of the 

exercise and as such the learning process seen through Dreyfus model of skill acquisition 

novice to master”. As can be seen in the research question, the prototype or artefact is 

central. This is because it is what is added to the research to create an effect and also because 

it is crucial in trying to explain the outcome. Therefore, it is important for the study to take it 

beyond the notion of concept and into a constructed manifestation, inhabiting the core idea of 

the study. 

 

4.1.3 The approach of showroom, field and lab in the study 

Koskinen et al. (2011) outlines three prominent methodological approaches relevant to this 

research. These approaches are based on where and how they convey their intent. The three 

approaches of showroom, field and lab will be presented bellow followed by an explanation 

of how this study employs the different approaches or aspects. 
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Showroom 

The main focus of showroom lies in creating and displaying artefacts that make people think 

and reconsider aspects in the world within the scope of the artefact’s creation (Zimmerman & 

Forlizzi, 2014, p. 169). The scope of the artefact depends on the researchers and what they 

wish to explore or highlight, which could be anything from how we interact with trivial daily 

items and tasks, to big political questions. Showroom as a practice follows a critical design 

perspective of RtD. Today, critical design focuses on accessing relevant themes within 

science to create debatable nodes as means to counter mistrust and polarised opinions in the 

target audience population (Koskinen et al., 2011, p. 91). To create these artefacts critical 

design borrows methods from art to help get people thinking about the given circumstance 

(Koskinen et al., 2011, p. 95). Dunne (as cited in Koskinen et al., 2011) gives a good 

explanation of the main goal of critical design: 

 

To make people think…For us, the interesting thing is to explore an issue, to figure out 

how to turn it into a project, how to turn the project into some design ideas, how 

materialize those design ideas as prototypes, and finally, how to disseminate them 

through exhibitions or publications. (Koskinen et al., 2011, p. 95) 

 

When connecting showrooms to everyday life, the showroom is taken out of the setting of an 

exhibition and closer to the normal encounters in everyday life. When doing this, the 

showroom approximates the normal encounters in everyday life more than one might expect 

from the field perspective. The main difference between the two is that the focus is different, 

as stated by Koskinen et al. (2011). Where field research aims at gathering data in great detail 

for its research, the showroom approach makes use of people’s perceptions and stories to 

create an understanding of the prototype. 

 

Field 

The field practice focuses on finding problematic situations and creating design ideas as 

solutions to help a situation (Zimmerman & Forlizzi, 2014, p. 169). As stated in Koskinen et 

al. (2011, p. 69) this is done within the actual real-world context of the matter. Going out into 

a natural setting to look at what is, how and why is a key aspect in doing field research. When 

exploring and testing ideas the field researchers are interested in how the ideas are perceived 

and used by the people in the context the idea is meant to be performed in (Koskinen et al., 
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2011, p. 69). Field research builds on the Scandinavian practice of participatory design, 

together with user centred design from the United States of America (US) (Zimmerman & 

Forlizzi, 2014, p. 168). This practice entered the field in the late 1970s as a response to help 

and accommodate for computer usage, spreading from research to industry and office work 

(Koskinen et al., 2011, p. 73-74). 

 

Design imaginations, as described by Koskinen et al. (2011, p. 79), illustrates them as the 

settings produced by prototypes or projects that inhabit the design idea behind them. What 

these imaginations are, depends on the individual project. For example, prototypes are treated 

as complete, even though they are unfinished, in order to examine a case. The point of these 

imaginations is to create a framework of operation around the project within a certain setting. 

How this is done and what it involves depends on how the designer orchestrates the research 

situation (Koskinen et al., 2011, p. 80). Making functioning prototypes and distributing them 

to participants, framed by an imagination within a context, can open up for an investigation 

of how technology might alter or create new practices within the given scope (Zimmerman & 

Forlizzi, 2014, p. 173). The knowledge gained through field research is local and temporary 

(Koskinen et al., 2011, p. 81). This is because it is based on participants that have to react and 

relate to a design imagination within a real world context that arguably is ever changing.  

 

Lab 

Koskinen et al. (2011, p. 51) state that “It is impossible to study a phenomenon like design in 

the laboratory in its entirety; design has many faces, only some of which are appropriate for 

laboratory studies. The trick, however, is to see which ones are.” To find out what to study in 

a lab, it is important to know what a lab study entails, which is decontextualizing and 

controlling parameters (Koskinen et al., 2011, p. 62). When studying something in a lab 

context, you decontextualize the point of focus from the outside world in order to get a 

deeper understanding of some specific mechanism. Decontextualization serves to remove 

other factors that are non essential or that are a disruption when targeting certain specifics in 

a study. The point of focus can be almost anything. What is important is if it is useful to study 

the mechanism in an isolated form. Does this generate knowledge of how the design would 

work in the real world? Not necessarily, as the real world holds a context in which the design 

has to take part as a whole. 
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I will now explain how I will use these approaches. I do not wish to primarily deploy my 

prototype in a decontextualized setting, as learning by experience is one of the main 

premises. Therefore, I view context as important to form natural experience. I will borrow the 

notion that users’ perception and stories ground their understanding of the prototype from the 

showroom approach to evaluate my design through the process. If the core idea is not 

strongly enough embedded in the prototype that it becomes evident through use within such a 

small field of interest, I would have to re-evaluate the prototype. By this understanding I will 

not use the showroom approach as a way of evaluating and gaining an understanding of the 

final design with regards to the prototype. Rather, I borrow the concept of users’ perception, 

and apply it to how I use feedback throughout the design process towards a final artefact. 

 

In my research I target some constants seeing as I work with the human body, which has 

some limitations. I here target aspects that have to do with biomechanics and argue that this is 

fitting for design and research in a laboratory setting. Even though the design as a whole 

would benefit from a contextualised setting and thereby leans more towards the field practice, 

the biomechanics of the human body are constant regardless of context, and there are clear 

should and should nots when it comes to strength exercise. It seems like a good idea to 

decontextualise this part of the design and put it into a controlled environment to control 

some parameters with expert help. This will ensure the development of a good and solid 

design that accounts for these parameters when put to the test in a contextualised setting.  

 

The final artefact should be tested and used in a contextualised natural setting, to give it the 

most realistic test environment. Implementing a lab approach in the design period can help 

creating good forms of measurement, as well as creating an interaction method that will not 

lead to injury. I find this fitting as I want a solid artefact that can withstand use, is safe to 

apply and approved by experts to not be a cause of injury, that it seems reasonable to use and 

gather data from. Implementing this approach and focus as a part of the design phase, can 

help make the design more fitting for testing within the field approach. 

 

The field approach offers actual real world context. I find this most appropriate especially for 

the data gathering with the final artefact. With my theme of learning I think it is best 

accommodated for in a contextualised setting. My understanding of this kind of learning is 

grounded in Dreyfus and displayed in his five stages of skill acquisition. Allowing experience 

to develop in a natural setting, makes the experience more closely connected to how a 
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participant normally would go about the exercise. This close connection makes the difference 

gap smaller and the knowledge that is gained easier to apply to daily use. The lesser the 

activity during testing differs from normal performance, the easier it is to identify the relevant 

abnormalities that can occur. When designing for a field approach, I think the approach 

should also be a part of the design process and not only the final testing. To best design an 

artefact for contextualised use, the design process should also take context into consideration 

and apply the methods during the design to ensure quality and robustness both, as a 

representation of the research question and as a physical object. Design imaginations are 

essential to the design process as they help to create and understand an agreed upon space in 

which to work. This also applies in actual testing and is in part what makes the knowledge 

gained in this way temporary. To distance my research from the dependence on design ideas, 

my goal is to create a research product. A research product is a more robust representation of 

the core idea of the research and should be able to be used and demonstrate what is, rather 

than what might be. This should lessen the importance of the design imagination to guide the 

participants through what essentially is a “might be” and rather accommodate for actual 

appliance and use. 

 

4.1.4 Anatomy of prototypes  

Prototypes are useful design tools that can serve more than one purpose. A prototype can be a 

tool in the process of designing and creating, a concrete place to manifest thoughts and ideas. 

They can also serve as artefacts for evaluation and reflection upon outcome of a design and 

inherently inspire a new generation of design and prototyping (Lim, Stolterman, & 

Tenenberg, 2008). The two mentioned ways of using prototypes are intertwined, although 

possible to separate, using one or the other.  

 

Table 1: Showing the different principles of prototyping (Lim et al., 2008, p. 4) 
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Table 1 shows the key principles for prototyping, according to Lim et al. (2008). Lim et al. 

(2008) present the fundamental principal of prototyping, economic principal and anatomy of 

prototyping. I find these to be good guidelines in the process of creating prototypes and a 

fitting framework to make sure that the prototype is an accurate and concrete representation 

of the ideas formed through the designing phase.  

 

Through the design process, there has been more than one iteration on each prototype idea. 

This mainly begun with a simplified and easy to make version that revolves around the main 

function of the idea. If it seemed like a good design, the prototype would go through a new 

process to add more function to get a more complete artefact. This method of creating, adds 

to the main principle of the idea only if it seemed like a path to pursue. As such, one stays 

within this principle as one’s focus is on simplicity and effectiveness to create and explore 

possibilities and limitations of the core idea. In doing so, one can quickly sort and filter 

through aspects of the ideas, to end up with good representations that take the best from the 

conceptual ideas into an actual manifestation. I used this way of thinking around my early 

designing process as a way to try and sort my ways of interaction, what to measure and how 

to give feedback. Even though many ideas culminated with simple sketches and notes on 

scrap paper, it was a good way to help organise thoughts and quickly figure out what worked 

and what did not.  

 

4.1.5 Research product 

Research products as described by Odom et al. (2016) as an evolution of a research 

prototype. The research product is to be of such high fidelity, that it can be put to use in the 

field without supervision of the researchers (Odom et al., 2016). It is focused around four 

main criteria; Inquiry driven, Finish, Fit and Independents. Artefacts of this sort have an 

intent and purpose behind it, grounded in the research. The artefact in its form is a 

representation of what it is and not what it might become. It is user friendly and is not too 

alien, nor too common, as it is supposed to be an active part of daily life. The artefact is also 

thought to be of a high technical standard, and has to be robust enough to survive in the field. 

This, in turn, sets a bar for material strength and durability and low maintenance 

requirements. The criteria encompass how to form a research product and is a foundation to 

figure out if it is a fitting level for the research theme (Odom et al., 2016).  
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A research product, as opposed to a research prototype, should not need to add imagination of 

how it might become one day. Rather, it does research as it is a finished version that has the 

capability to do, tell or show what the researcher intends it to. This is a concept that is 

especially relevant when it comes to exploring the nature of engagement between humans 

and artefacts. Since the artefact is of a final nature, it is clearer to look at actual implications 

and benefits from the interaction and the introduction of the artefact into whatever natural 

setting it is supposed to take part in. 

 

As I see the research product as the ultimate end to a prototyping process, it would be hard to 

end up with such a finished artefact just based on the problem at hand. I reckon that the use 

of research products is useful when one has a problem or theme that would benefit from 

being researched in a as natural setting as possible. To create the research product would be a 

final step added on top of a normal prototyping process, working through the fidelities from 

sketches to simple prototypes and on through higher fidelity’s that accounts for technical 

aspects. Once the needed aspects for the prototypes have been covered, a last run through the 

four requirements of a research product ensures that the artefact is of necessary standards as 

needed for that type of engagement with users. 

 

Through my research, I ended up with one prototype that I worked on towards creating a 

research product. This process revolved around lumbar spine posture and worked through 

many iterations from sketches to paper cups with elastic bands and strings, to higher fidelity 

versions with working electronics, 3D printed casings and actual sound feedback. What 

differed the high-fidelity prototypes from what I look at as my attempt at a research product, 

was a lot of small changes. The idea behind it was already quite imbedded in the prototype 

and did not need much work as it had been a point of focus from the start. To better make it a 

representation of what is, rather then what might be, I had to address the aspects that I needed 

to control in prior testing. Most of these aspects were small technical errors and the prototype 

was also a bit fragile and clumsy to operate. To make sure the research product could survive 

the field testing, I had to do quite a bit of new soldering to ensure good and rugged 

connections between components and scrap some aspects that could lead to bad readings. 

Additionally, I had to 3D print new casings that had a higher infill to make them structurally 

stronger. The model also had to be changed in order to accommodate for differing headsets 

and to make the on switch more accessible. I kept the charging port hidden within the casing, 

to decrease the risk of sweat shorting out the system. Further, I did some minor changes in 
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the code to make the different sounds more distinct. In doing these changes, I lowered the 

need for knowledge concerning the workings of the artefact, as well as making the controllers 

more accessible and lastly increasing the quality both of the physical robustness and the 

coding of the research product.  
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 Design process 
 

This chapter will go through the process of prototyping. I will explain and elaborate upon 

decisions and choices that have altered and branched the process from start to finish. The 

design process will follow two main themes of prototypes and will be displayed in a time 

linear fashion. For a complete explanation of the technical concepts, see appendix I.  

 

Theme one 

This theme involves my initial idea towards the project and was based around the notion of 

tacit knowledge and maximum grip in the exercise of bench press. Here, I wanted to give the 

user feedback of the balancing of the barbell in hopes of altering how they would perceive 

and do the exercise, as well as possibly altering their technique or strength. 

 

Theme two  

Theme two was initially based on conversation with experts and was first explored to create 

interest around my research in general. It helped me to gain insight into the topic I was 

exploring. The theme proved to be more interesting for me, made it easier to recruit 

participants and in finding relevant expertise for, than theme one. As such, it became my 

theme of interest and exploration. The theme revolvs around the posture of the lower back in 

the lumbar area during lifting as it is an area that risks injury if done wrong. 

 

As explained in the theoretical framework (see chapter 3), my design process started out 

based more on an idea, as described in theme one above, than a final research question. The 

final research question was established during the prototype phase. The notion that lead to the 

final theme came with the introduction of theme two of prototyping, and when the switch 

over to theme two was done the final research question took form. The reasoning for 

switching themes will become apparent in testing prototype 3 (chapter 5.3). 

 

5.1 Prototype 1 - P1 

The first idea was based on the choice of trying to augment strength exercise with technology 

in order to improve learning. To do this I looked into how strength exercises are based around 

balance and force. The thought was to measure the amount of force used in each arm during a 
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bench-press. Seeing as the dominant arm is usually stronger, this might lead to an uneven 

lifting pattern where the weaker arm has to make up for lack of force at the end of the raise 

during the bench-press. Hence, if the difference is measured and displayed in real-time, the 

one lifting can adjust the amount of force in each arm, and even out the use of the same 

amount of force in each arm. The idea was that this might lead to an innate learning that 

makes one lift more evenly without the help of technology in the long run. 

 

The creation of prototype 1 started with an exploratory prototype based on a microcontroller 

called MicroBit. This seemed like a good platform and a good opportunity for exploring and 

learning to use this controller. The controller has a small red LED display of 5x5 LEDs, a 3D 

accelerometer and Bluetooth capability. All of this looked like technology worth exploring as 

it gave the opportunity to measure, display and communicate the outcome. The MicroBit has 

an online programming editor that uses drag and drop block programming based on 

JavaScript, as well as a text editor that uses JavaScript. Having little experience with the 

block editor, made lean on previous programming experience with Java, thereby choosing the 

JavaScript base text-editor for the first prototype. I made a program that used measurements 

from the accelerometer X-axis to display a real-time figure on the LED display, that changed 

depending on what side of the barbell was higher or lower than the other side. The biggest 

problem I ran into was when using JavaScript, I had a hard time obtaining a reliable and 

accurate reading from the accelerometer. However, I finished the prototype to test it as a 

concept, as it worked well for that purpose. After having the MicroBit programmed, I put 

together a case accommodating for a battery package and for a way of attaching the controller 

to a barbell. Since the goal was to test the concept, I did not spend much time and effort on 

the casing. The case was a simple plastic box cut into shape for the parts to fit inside it and 

the fastening was done with rubberised Velcro bands to wrap around the barbell.  
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Picture 1 shows exploded view of prototype - P1 as well as sketches and the view of the prototype. 

 

To get some feedback on the prototype, I contacted the Norwegian School of Sport Sciences 

(NIH). At NIH I got a meeting with a professor working with strength exercises and body 

mechanics. In the process of arranging the meeting, I was told that they research posture of 

the back and neck during strength exercises. This led to an alternative prototyping path which 

I also started developing before the meeting. I will go through this process before I get to the 

result of the meeting as both prototypes were discussed. 

 

5.2 Prototype 2 – P2 

As I wanted to discuss and show both prototypes in the upcoming meeting at NIH, I had a 

certain time limit to develop P2. The reason for wanting to bring both P1 and P2 was for the 

diversity, as well as to spark interest so I might be able to return for more feedback or testing. 

The idea for the second prototype arose from the discussion prior to the meeting with the 

NIH professor. I wanted to try to measure the posture of the lower back and neck area with 

the possibility for live feedback. This way, the user could adjust accordingly and not strain 

themselves unnecessarily.  
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I started by working on a low fidelity prototype for the physical measuring device (see 

picture 2). I figured that by running a string along the spine I could get a reading on the 

position of the back by measuring the pull on the end of the string. If the string was adjusted 

to a standing upright position, the pull on the string would increase if one were to bend 

forward as the length of pull up to the neck would be longer. The length of the pull should 

also decrease if one were to lean back, as the distance would be shorter. To test this, I pulled 

a string through a hole in a paper cup and attached a rubber band inside the cup so the string 

had an elastic end that fought to be in a non-tension position. Afterwards, I colour-coded the 

part of the string that went in and out of the cup to see if it was reliable as a measurement 

when curving the upper body forward. It seemed to work fine, although a leaned back 

position was hard to measure. The reason for this was a lack of negative pull on the string.  

 

 

Picture 2 displays initial test of concept for the development of prototype - P2. 

 

Being under time pressure, I used materials at hand for the higher fidelity prototype. I based 

it on an Arduino UNO controller and used a rotary potentiometer as instrument of measuring. 

I had to find a way to make the potentiometer return to zero automatically and at the same 

time put tension on the string running up the back without making it rigid. I solved this issue 

by attaching a flat spiral spring that creates inward pressure to the rotary potentiometer. Then, 

I added a small arm to attach the string (see picture 3). This was necessary to allow the 

potentiometer to turn without getting tangled in the string as well as creating a leverage arm 

that helped the device in turning without needing too much force to be applied. Now that the 

instrument for measuring was working, it needed some form of feedback to the user. For this, 

sound or visual feedback seemed appropriate as it is easy to pay attention to without diverting 

too much attention from the task at hand. I was uncertain which would work better so I 
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decided to incorporate both forms of feedback. I ran electric wire from the Arduino to a small 

plastic container that could be attached to the upper arm using a Velcro band. This position 

was the best place I could find to attach the feedback device without it being cumbersome for 

the user. In the box, I placed a small piezo buzzer for sound and three LED lights (red, yellow 

and green) for feedback (see picture 3). The three lights indicated the position of the back and 

spine, green for good, yellow for slightly bent forward and red for highly bent forward. The 

buzzer would be silent when the green light was on, but would start and increase in intensity 

in accordance with the change in light’s colour reaching the highest frequency and volume at 

red. Lastly, the string was attached to a shoulder harness to have an upper point of 

connection. I also added an adjustable toggle to the string to accommodate the users’ 

different heights so the starting length of the string was adjustable to each individual.  

 

 

Picture 3 shows the different components of prototype - P2. The top two pictures from left shows the potentiometer followed 

by the feedback unit and the arduino. The bottom pictures displays the whole prototype - P2. 

 

In use, the shoulder harness would connect over the shoulders like a backpack (see picture 4). 

The length of the strings would be adjusted to be tight in a standing position and the device 

would then be turned on. The Arduino constantly reads the potentiometers value and it is 

controlled by the pull on the string. The amount of force of pull on the string determines the 

light and sound feedback from the Arduinos feedback shoulder strap. 
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Picture 4 illustrates exploded view of prototype - P2. 

 

5.2.1 Testing prototype P1 and P2 

During my first meeting at NIH I brought prototype P1 and P2. Their immediate interest was 

for P2, most likely because it was more related to their own research projects than P1. After 

an explanation of the two prototypes and my goal of looking into learning of strength 

exercises augmented with technology, we went to the gym to test them out. Unfortunately, P2 

broke down before the test and I was unable to repair it. Therefore, I could not gather data on 

its use when I was at NIH and the interest from the NIH professor seemed to loose interest. 

We did however test out P1 and it worked as it was supposed to. Although my initial idea 

was only for use on the bench press exercise, we had soon gone through a range of different 
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exercises that include barbells such as, bench press, deadlift, squats, and military press. The 

professor was, as expected, highly skilled and had little problems working within the 

measurement limits I had coded in advance in P1. Some minor annoyance over a few bugs in 

the prototype that caused false readings was noted and we started talking more about the P1. 

It seemed as the actual value of an even lift was less impactful than what I expected seen 

from a bio mechanical perspective. However, we discussed possible extensions to the P1 that 

the professor was interested in. The idea was that an adjustable value range to increase or 

decrease the difficulty and a way of logging the outcome and balance of the lifts for later 

studying after the workout, would be useful. The professor wanted to test an altered P1. After 

the testing at NIH was completed, I had to decide what to do next. Seeing as I did not get any 

feedback on P2, I left the concept altogether and did not develop in any further at this point. 

This left me with P1 and I had to figure out what I read into the feedback from the professor. 

The feedback was slightly split as it seemed like the importance of what it was doing was 

minor and did not really emphasise the learning I was looking for. However, the professor 

seemed eager to test it again if developed further. Therefore, I figured there had to be some 

degree of learning involved, although minor, seeing as the professor explicitly talked about 

level of difficulty and logging for later analyses. For me, this seemed closely related to 

learning and advancing in difficulty. This led me into the next phase of prototyping. 

 

5.3 Prototype 3 - P3 

Prototype 3 was a further development of prototype 1, having been altered and enhanced. The 

concept I wanted to address with this iteration of the prototyping was partly given in the wish 

for difficulty scalability and in a form of logging the data from the excise. In order to benefit 

from the scalability and logging information, the device needed to be more accurate and have 

less false readings that could lead to errors in the dataset. Hence, the goal was to increase 

accuracy as well. As mentioned earlier, I experienced some difficulty gaining accurate 

reading from the program structure I had in JavaScript. This lead me to reprogram the 

MicroBit using a different programming language that was available for the MicroBit. The 

language chosen was MicroPython. MicroPython is an application of Python 3 that has a 

subset of libraries, that are optimised to use with microcontrollers such as MicroBit and 

Pyboard. This change made it easier to gather accurate readings from the accelerometer.  
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Picture 5 illustrates prototype - P1 and P3 in use. Bottom right figure shows the feedback 

display and the different degrees of tilting. 

 

Lastly, the logging function proved difficult as I wanted a wireless alternative in order for the 

prototype to be less intrusive to the exercise. Wires and computers connected directly to the 

MicroBit might be cumbersome. The main reason this ended up being difficult was that at the 

time, MicroPython had no support for Bluetooth which was my main means of wireless 

communication. I now had a working and accurate prototype, although I still lacked a logging 

function. This was a suggested feature by the professor and was something I also believed 

could be important with regards to the learning outcome for the user. 

 

Picture 6 shows prototype - P3 from different angels and both open and closed. 
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The need for prototype 4 arose because P3 lacked Bluetooth support in MicroPython to log 

the data from the exercises. However, having a working prototype, P3, with the exception of 

logging, I decided to perform a pilot study in order to explore how participants viwed such a 

device during workouts. This led to the development of P4, whilst I was still performing 

testing on P3. This way, I was able to explore the working concepts, and also develop the 

logging functionality in an altered version.  

 

 

5.4 Prototype 4 – P4 

Prototype 4 was constructed to preform 

similarly to P3, but was a further 

development to make logging possible. 

I therefore decided to change the 

technology to something I was more 

familiar with in hopes of easing and 

speeding up the development process. 

Availability of the components I 

needed to make it work was also a 

factor. Arduino UNO was the 

controller I decided to use. The 

controller is a bit bigger than the 

MicroBit, and this affected the size of 

the prototype. Previously, I had been 

working on having a small and light 

prototype to make it convenient and 

easy to attach to a barbell. The size 

difference was not big enough that I 

felt it would become unwieldy, so I 

made a box design for it to place on the barbell similar to the previous P3. However, the size 

and weight of the prototype was greater than the previous ones, so I took extra care to secure 

it to the barbell. P4 connects to the barbell using rubberised velcro bands and has 3D printed 

rubberised brackets to hold it in place and keep it from slipping (see picture 10). 

 

Picture 7 shows an exploded view of prototype - P4. 
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Picture 8 shows prototype - P4 in development. 

 

On the inside, P4 had a battery pack and two shields or component boards on top of the 

Arduino. These shields contained an accelerometer similar to the one that is in the MicroBit, 

a Bluetooth transmitter and receiver for communication and a circular LED ring on top as an 

interface to the user. The accelerometer worked well with the libraries that Arduinos editor 

accommodates for, making this a smooth process. The LED ring was able to display more 

than one colour, so I decided to experiment with this and applied the same colour scheme as 

in P2. This resulted in green for good balance, yellow for slightly tilted and red for major 

tilting of the barbell. To further emphasize the balance aspect, I made the horizontal LEDs 

light up when green, and then rotated the LEDs when turning yellow or red in accordance 

with the tilt of the barbell (see picture 9 and 10). Lastly, I tried to connect the Bluetooth to a 

Raspberry Pi3. This ended up being a tedious task that was hard to unravel. Therefore, I did 

not manage to finish this aspect before P4 was put aside and replaced with prototype 5 for 

reasons which will be explained in the next part. 
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Picture 9 illustrates prototype - P4 in intended use. Bottom right illustrates the feedback 

display. 

 

 

 

 

Picture 10 shows prototype - P4 as intended for use. 
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5.4.1 Testing prototype P3  

P4 never actually got to a testing phase, but was constructed during the testing of P3 (see 

picture 11). It proved to be difficult to create interest around the prototype in the pilot study. 

Even considering high fidelity and functionality, possible participants did not seem to find 

the topic as exciting as I did myself. Therefore, getting participants to test the prototype was 

difficult. However, I did manage to pilot test P3 with two people who were experienced in 

strength exercises. After testing P3, they did not really feel the need for it and wished it had 

measured other effects such as path of lifting. Throughout the search for participants and 

expert opinions I often ended up with discussing the theme of posture of the back and the 

possible danger of lifting with the back out of position. As this theme seemed to be a key 

element during conversations, I ended up deciding to go back to the concept of P2. It seemed 

like the interest, importance, and possible learning outcome was greater with P2, than what it 

was within the theme I was currently exploring. Seeing as only two peoples to test P3, I 

figured I might as well alter and change the course once again. This alteration happened 

while I was working of no apparent avail on the Bluetooth communication on P4. Hence, this 

is where the development of P4 ended as I changed theme to posture of the back during 

demanding lifting exercises. 

 

 

Picture 11 shows the use of prototype - P3. 

 

5.5 Prototype 5 - P5 

Although the theme of posture of the back had been touched upon during my search for 

participants, I still did not have a full understanding of the problem. I therefore contacted 
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NIH again and asked for advice on the issue. After getting a better understanding of why it is 

important to have a correct posture, what the most common mistakes are and why they are 

common, I started a new design process for prototype 5. As it turned out, the lower part of the 

back is where most of the easy to miss and hard to notice mistakes happen.  

 

I made a choice of trying to only focus on two exercises, with the hope of not having to 

accommodate for too many differences between several exercises. I chose deadlift and squat 

with barbell as they both have the same focus area on the lower back and a similar posture of 

the lower back. As my design with a string along the whole back did not specifically target 

the lower back and had problems measuring backwards tilting, I scrapped the idea and started 

looking for other suitable technology. I wanted the prototype design to be small, possible to 

attach to the skin around the target area, have instantaneous feedback and be lightweight and 

not cumbersome. I ended up choosing an AdafruitM0 datalogger controller. This controller 

works with most Arduino libraries and can be used with the Arduino editor that I have most 

experience with. It also accommodates for a SD card for storage or file input and has a port 

for mini lithium batteries. This made it a compact and powerful controller with flexibility, 

which I had learned was useful from earlier in the process where aspects and technical 

changes were hard to foresee. For measuring, I found that long flex sensors were more than 

accurate enough and could measure positive and negative tilting. Lastly, I chose to use audio 

as the feedback mechanism because the exercises demand quite a bit of focus and are often 

learned using mirrors to self-check on the performance. I did not want to turn this visual 

attention away from the standard way of learning the exercise, but rather enhance the 

performance by letting other senses help. Therefore, I chose to incorporate 3.5mm mini jack 

port to accommodate for the use of headphones.  

 

After making a sketch of how the components needed to be arranged, I decided to put them 

all on a separate component board that would be connected to the controller with pins. This 

made it durable and easy to work on, whilst still letting it be as small as possible. I then 

designed a 3D printed case to house the controller, component board and battery pack with 

the sensor sticking out. Next step was to find a way to attach the device to the body. For this, 

I used kinesiology tape which is a tape designed for use on skin, as it has strong glue and 

stretches so that the skin can move underneath. This combined with small 3D printed 

brackets for the sensor to slide through made it possible to attach the prototype to the lower 

back (see picture 14). 
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Picture 12 shows the construction of prototype – P5. 

 

 

Picture 13 shows the component in the finished prototype – P5. 

 

The operating interface consisted of an on/off switch on the battery to conserve power and a 

single button for controlling the prototype. After turning on the battery and clicking the 

button once, a deep rhythmic sound would appear indicating that the prototype was in 

calibration mode. To calibrate the readings, one had to click the button again when one had 

the correct back posture for the flex sensor to be zeroed in this position. With that click, the 

sound would disappear and it would be silent as long as the user kept within the value range 

of approximately 12 degrees to either side. In order to demand less focus and to trigger less 

annoyance, the P5 was silent when doing the exercise correctly. Breaking the 12 degree 

barrier would make a rhythmic beeping sound in a high note to indicate that you were outside 

the desired range. A different sound was chosen for tilting forwards or backward. Clicking 
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the button again while in this active mode, would put P5 back in calibration mode in case one 

had to adjust the starting position. By flipping the power switch, the device could easily be 

turned off.   

 

5.5.1 Testing prototype P5 

To test P5 I contacted NIH again to see if I could get more 

advice and expert opinions on my new theme and 

prototype. I arranged a meeting in which I acquired more 

information about the correct way of doing the chosen 

exercises. After displaying the prototype and going 

through how it was supposed to work, I was give feedback 

on the potential of the prototype. Unfortunately, the 

headphones broke down during the initial test and I did not 

have an extra set on hand. So once more, I did not receive 

any data from my prototype and the response for future 

meetings seemed to diminish. I acquired a new headset 

and decided to contact other sources of expertise. I 

contacted with the local gym and arranged a meeting with 

a personal trainer (PT) there, who showed interest in the 

idea.  

 

During the first meeting with the PT, I had a show and tell about my motivations for making 

the prototype, what I was trying to accomplish, and how the prototype functioned. The PT 

believed there was potential in the idea if the readings were accurate enough which led to 

testing P5 at the local gym. Through this initial test, I learned where the optimal placement of 

the sensor would be, which was lower down on the back than what I had expected. The 

difference in placement can be seen in picture 14 and 15. Even though I had worked hard on 

making the prototype small and light, it seemed cumbersome and had to be readjusted during 

the test. The measurements were not reliable as the lower placement lead to the sensor hitting 

clothes and different movement of the skin gave too many false readings to actually give any 

consistent results. This inspired me to make to some adjustments to the prototype and led to 

prototype 6. 

 

Picture 14 shows exploded 

view of prototype - P5. 
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5.6 Prototype 6 – P6 

Prototype 6 was, for the most part, similar to P5, but was constructed considering the 

feedback and outcomes of the testing of P5. The main issue that needed to be addressed was 

the inconsistency in the readings mostly due to exterior factors such as tangling in the users 

clothing. I also wanted to tweak the programming code slightly, to ensure a more reliable 

feedback. Additionally, an adjustment was made to emphasise the urgency in the feedback by 

increasing the frequency of the sound output in response to 

the readings from the sensor. The more a person was 

outside of the range the faster the beeping sound would be. 

The need to adjust the volume seemed apparent as it was 

too low in the initial test of P5. To remove the need for 

readjusting the prototype during usage, I moved the sensor 

away from the main controller and made a new sensor 

holding unit. To minimise tangling, I made two new 3D 

printed brackets to hold the sensor in place and a 

protective sleeve. Following these changes, the 

interference from clothing were as good as gone and 

movement of skin caused less false readings. To connect 

this sensor unit to the main controller I used electrical wire 

in a separate sleeve to make P6 comfortable to wear. I 

attached a pocket clip to the main controller so it could be 

put in a pocket or hang from a belt or something similar. 

 

The code adjustment went well and more stable readings and increases in frequency was 

achieved. I also made a decrease in the range from 12 degrees to 10 degrees to each side. 

This made it a little harder to keep in the range but also forced the user to actively pay 

attention to the lower back. As a volume control, I used a potentiometer by attaching it to the 

electrical circuit as a variable resistor, controlling the resistance to increase or decrease 

sound.  

Picture 15 illustrates exploded 

view of the final prototype - P6. 
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Picture 16 shows the main body and components of prototype - P6. 

5.6.1 Testing prototype P6 

I arranged a new meeting with the PT from the local gym to do a new testing of the 

prototype, now P6. The readings and feedback were more consistent and accurate and the 

range seemed better. P6 preformed really well when doing deadlifts as it had good readings 

and range for both forward and backward tilt of the lower back. With regards to squats the 

readings were not quite as good and there would be need for more work to make P6 as good 

as it seemed to be during deadlifts. The PT viewed it as a good supplement to normal 

exercise, especially when it came to deadlifts. The constant feedback on the posture of the 

lower back could be helpful for someone new to the exercise, as this is just one of many 

things one has to consider during the exercise. After this meeting, I decided that due to time 

constraints, I needed to move on so I restricted the use of the prototype further by removing 

squats and focusing purely on deadlifts.  

 

 

Picture 17 shows prototype - P6 on participant and placement of the senor component on the 

lower back. 

At this point, I was done making adjustments on the prototypes and started searching for 

more participants to start gathering a dataset. However, it turned out that to get the data I 
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needed I would need more than one prototype as a full round of testing with one person takes 

about three weeks. Therefore, I reproduced P6 to a total of five working prototypes. In these 

last four I made some minor adjustments to the 3D printed casing allowing for easier usage of 

different headphones in case the tester wanted to use their own. I also made a slot for the 

power button for easier accessibility without the need to open the case to turn it on and off.  

As the sole researcher in the study, it would become my job to instruct participants new to 

deadlift as an exercise. The final design depends on a correct starting position to work as 

intended. To ensure my own level of competence I sought instructions from the PT that was 

involved in the design process of prototype 5 and 6, while he tested the interaction and use of 

the prototypes. I deemed my skill level and ability to transfer correct knowledge as so 

important, both for the study in general and for the health of my participants, that I 

cooperated with another PT for a total of five sessions. We worked on my technique and I 

was given guidance in what to look for and how to correct common mistakes for beginners. 

We worked through the exercise as a whole instead of just focusing on the lower back. This 

enabled me to get a better grip on all the aspects and increase my knowledge and confidence. 

After the five sessions, I improved a lot in both instructing and performing deadlifts and I 

was now confident that I could instruct my participants in a proper fashion. This ensured a 

strong foundation for them to start their learning progress from. The main goal, as explained 

above, was to increase my competence to be able to properly teach new participants, but this 

also gave me better insight into the exercise which I view as a strength going into the 

interviews after the test period.  

 

 

Picture 18 shows prototype – P6 in use in deadlifts.  
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 Analysis 
 

6.1.1 Data gathering 

The data gathering is split into two main phases. Phase one involves data gathering during the 

design phase and the second phase is intended for the actual testing of the research product 

that came from the design phase.  

 

The first phase of data gathering was aimed at getting expert opinions on the first idea I had, 

and at gaining knowledge around the theme to get a better understanding of the field and 

other possibilities if my idea did not hold up. For the first iterations and different paths of 

prototyping, I contacted NIH in the hope of getting a meeting there. During the meeting I had 

prepared my agenda, but the meeting was an informal conversation where I worked to both 

show what I had made to receive feedback and ask questions to gain broader knowledge. This 

type of normal conversation, rather than an interview, seemed to fit well with the expert and 

yielded good information. This is the reason why I repeated the process in future meetings 

with NIH.  

 

When the path for my design was set and I had exhausted the source at NIH for all the 

relevant information, and my attempt at recruiting participants there yielded no result, I 

changed source for information. I contacted the local gym and asked to talk to a personal 

trainer there. Again, I wanted feedback on what I had created, so I explained the premise and 

asked if the PT could test the prototype for me and give feedback on things to keep and 

things to change. We repeated this process three to four times before I ended up with the 

finished research product.  

 

The data gathered through all meetings in this phase was collected through a combination of 

note taking; both during and after the meetings as a result of conversation and observation. 

Data from the first meetings at NIH helped me in shaping my prototyping process and paths, 

ultimately ending in the path that I chose to pursue. I originally started out with an idea 

revolving around the balance of a barbell and was given some feedback of the biomechanical 

usage of this interaction as well as ideas around extending the potential of the prototype by 

adding a log function. A point of interest stated by the NIH expert was lower back and 

lumbar posture to reduce risk of injury there. This ended up being the path that I pursued as it 
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was easier to retrieve information about, the benefit of the target area seemed better and the 

interest was a lot higher.  All this was grounded in the meetings at NIH and led me to focus 

on the lower back and lumbar posture. 

 

Data from the meetings with the PT was gathered in a similar fashion and the structure of the 

meetings was much the same, but with greater focus on using the prototype and how to make 

new iterations better. Throughout these meetings we actually used the prototype and 

discussed it after each session. I left the meetings open ended to enable the PT to give input 

on what might be tweaked or altered between the sessions. Therefore, I focused my questions 

around why the changes might be a good thing to improve my own understanding of what 

was important from the PT’s perspective. As such, I could both preserve the learning aspect 

of my research, making sure that I still worked towards my research goal while improving the 

aspects of the prototype that were more biomechanically and user oriented. 

 

The second phase aimed to gather data of usage of the finished research product. This 

gathering process was split up into different gatherings to create the full data set. Firstly, I 

arranged a structured interview with each participant to help me get an understanding of their 

background with regards to strength exercises and training in general. A structured interview 

form was selected to attain a more comparable dataset when considering the skill level of all 

the participants as a group. When the structured questions did not yield any applicable 

information, the question was rephrased to better accommodate for the participant to give an 

answer. 

 

After gathering and interviewing all the participants they were given a research product, 

instructions of how to operate it and a log with guiding questions to answer during each 

workout. This questionnaire log is the second part of this data gathering and consisted of a 

small list of questions such as; “what did you focus on during the set?”, “how did the set 

feel?”, “anything different from last time?”. The participants were instructed to alternate the 

usage of the research product between workouts after the first two sessions. I chose to do this 

in hopes of making them reflect more on the usage by taking the research product away and 

see if they missed it during training.  

 

The third part of this gathering was a semi structured interview with each participant after the 

three weeks of testing was completed. In preparation for each interview, I had read the 
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questionnaire log and formed questions specific to the participant if something attracted my 

attention in the log, and general questions of themes that seemed to be repeated through all 

the logs. 

 

The initial interviews were a helpful tool for me as both a researcher and an instructor, as it 

helped me to determine how much focus I had to have on helping each participant getting 

started. A participant with no prior weight lifting experience needed more guidance than a 

participant with years of experience. It was also interesting to have an inclination of their 

skill level at the start to try and see if there was any progression being made through the three 

weeks, and if participants of different skill level would react differently to the research 

product. 

 

A log was needed as I was not going to be with the participants throughout most of the 

testing and both parties needed a way of keeping track of the process as it was a three week 

period and details might slip in that time span. The reason for why I call it a questionnaire log 

is that I structured it with questions for the participants to answer as well as keeping them 

open for other opinions. This served both as a tidy way of having the participants write down 

important information, as well as something for them to reflect around during the process. 

The questions were also to be answered in between sets and after a session. Having the 

questions to guide the exhausted participant seemed helpful as thinking is not necessarily the 

easiest thing to do when doing heavy lifting. The data gathered gave a good foundation for 

me to build the interviews upon and gave information of depth that I could further explore 

through the interviews.  

 

The semi structured interviews were the last part of the data gathering and were later 

transcribed for the analysis process. I chose the semi structured interview to both answer the 

questions raised by the questionnaire log, but still remaining open enough for new aspects to 

be considered and discussed. These interviews formed the main material for the analysis of 

usage, although elements from the first interview and questionnaire log will still supplement 

this main analysis of data. 
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6.1.2 Analysis 

The main analysis will focus of the interviews concerning the test period. The interview 

guide was constructed by studying the questionnaire log from the participants alongside my 

research question and related themes of interest. However, the interview guide was still partly 

open ended to enable the participants to forward their views. The method of analysis will be a 

structured text condensation (STC). This method for qualitative analysis is suggested by 

Malterud (2012) for those new to qualitative analysis. I chose to use this method as I have 

some previous knowledge and experience with it. The way it is structured makes it easy to 

handle the data and categorise it in an orderly fashion and makes for an easy to present 

format. STC as method will be further elaborated upon below. To help increase the validity 

of the findings, I will use the questionnaire logs again as a reference point to make sure the 

findings correlate to the participants voices where possible. 

 

6.1.3 STC – Systematic text condensation  

STC is based on Giorgi’s psychological phenomenological analysis method (Malterud, 

2012). The focus lies on viewing objects as they are experienced, rather than how they are 

seen objectively. STC is a method that is inspired by phenomenology, but it is not a 

phenomenological method of analysing (Malterud, 2012).  

 

STC uses four stages of analysis to structure, sort, and code data. This way, the method 

steadily boils down the raw material to extract the information that is of importance to the 

research. However, before the first step of the analysis, Malterud (2017) suggests getting a 

sense of it all by initially reading through all the raw material without trying to look for 

patterns or systemise it. After doing this, it is time to start looking for themes of interest 

within the data, which will work as temporary sorting labels to categorise and store the 

meaningful units that are relevant in the next stage. Malterud (2012) recommends that more 

than one person sorts through the material, to help capture appropriate and representative 

themes of interest.  

 

After finding themes of interest within the data to use as labels, it is time to look for 

meaningful units within the themes. When going through to find these, it is important to keep 

the research question in mind to ensure that the findings are of actual relevance. This stage is 

rather flexible, and it is possible to rearrange, restructure and rename meaningful units and 



 64 

themes to create accurate labels for its content from the data. It is through this process of 

analysing the meaningful units and finding what they have in common and represent, that one 

needs to figure out if the theme needs to be renamed to something different or not. After this 

process, the content of each unit within the different themes should be properly represented 

through the label’s name, and will from here be segmented as a code. The codes are still open 

to change, as the process is iterative and will continuously re-evaluate the relevance, 

placement and formulation of the content. As such, the content ends up being robust 

representations of the material.  

 

The next step is to organise the information within each code, seeing as one code can contain 

different aspects based on the meaningful units it contains. These aspects are organised into 

different subgroups within the code, which not only further structures and reduces the data 

set, but also helps to make sure that the code label and its content are closely related. If code 

groups contain a lot of information and it seems like there will be more than three to five sub 

groups, one should re-evaluate the code as a whole and consider splitting it into two code 

groups (Malterud, 2017). From this point on, the sub groups work as units of analysis. 

Malterud (2017) states that STC employs a methodical tool which makes a condensate, or 

artificial quote, and if one skips this step it is misguiding to call the method STC (Malterud, 

2017). The condensate is based on the content of the different, meaningful units that it 

represents, and is an artefact based on the data (Malterud, 2017). A condensate is structured 

by gathering quotes of the different meaningful units and putting them together into an 

artificial quote that represents the entire content of the subgroup. After making a condensate 

of the subgroup, one should pick out one quote that one believe describes sub group the best. 

This process should be continued with the all the subgroups of all the codes before going to 

the next step. Next, one recontextualises, by putting all the codes and subgroups together to 

see if it still looks like valid representation of the material and context it is gathered from 

(Malterud, 2017). Lastly, one gives each subgroup context and explains what it represents to 

the reader. 

 

6.1.4 Doing the STC analysis 

The following will give some insight into how the STC analysis was conducted, showcasing 

some temporary data clusters and their codes to exemplify the process and how the coded 

groups advanced to become the findings of the STC analysis that will be presented in the end 
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of this chapter. The actual transcripts and data sets are in Norwegian, so for the sake of the 

thesis the examples will be translated to English before being presented here. The analysis 

was done mostly on paper for fast and easy colour coding, note taking and lots of drawn 

connections. Only the final sets of codes and groupings from an iteration were rewritten into 

digital documents. This was done both to keep a log of each iteration as well as serving as 

well structured representations of the data for the next iteration of sorting and coding the 

data. What I will present here is translations of some of the themes of interest that was part of 

the “final” sets of data in-between each iteration. For the sake of the participants privacy 

some of the data presented, will have some minor alterations to prevent exposure.  

 

First STC grouping  

As mentioned earlier in the chapter, the interviews that yielded the data for this analysis was 

constructed by reading the logs that the participants kept during the actual testing. This 

formed some guidelines for what I wanted to discuss in the interview and thereby also had an 

effect on the initial grouping and coding through this analysis. To start the process of the 

analysis I first had to transcribe all the interviews as they were voice records. Now having a 

full data set of transcribed interviews, I organised some content slightly to put it together with 

the rest of a discussed theme when thoughts or reflections about something appeared out of 

order. Following the STC guideline, I first read all the material to get a sense of it all. I also 

read each participant’s logs after reading their interview, just to see if there seemed to be any 

compliance between the two. When finding the initial themes of interest I was to some degree 

effected by what I wanted to focus on during the interview. The initial themes of interest 

reflected the themes of the questions asked in the interviews, with some alterations. The 

amount of themes was constricted by very deliberately thinking of their relevance to the 

research question. The initial themes were: stress, trust, convenience of use, motivation, 

learning by not using/ reflections, feeling a link between back and prototype, feeling of 

progression, and the last set. The wording of each theme’s name is, as I saw fit, a 

representation of the content. As the research question takes multiple things into 

consideration, the main focus here was on the participants experience. Another focus was 

how they reacted to the introduction and use of the prototype and what connections could be 

drawn between using the prototype and augmenting the learning process. As I worked on 

creating a research product, I also included data clusters revolving around how the 

participants felt towards the prototype as an artefact. 
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Second STC grouping  

After having found my themes of interest and using these as sorting labels for content, I went 

through the data material again and extracted what I found to be meaningful units within the 

different themes. The datasets were quite organised already as they went through 

approximately the same questions, but I found that data involving other aspects could be 

relevant for labels originally meant for other parts of the dataset. As mentioned, this process 

was mostly done on paper as the hands on approach with a pen, is more effective to me than 

doing the analysis in its entirety on a computer. The drawback of this is that the process and 

its results are harder to present in an orderly fashion as they are a part of a bigger picture and 

different documents. I will however try to showcase it here. 

 

 

Picture 19 shows how I used colour coding as a part of the STC analysis 

 

As an example to showcase what this process looked like I will show the content of stress 

(see table 2). Note that this is an iterative process and aspects and text might be added, moved 

or removed through the next iterations to make the codes and content into good 

representations, as explained in 6.1.3. Minor alterations are also done in the following to 

create a more coherent context, as much of the text are the participants answers to questions 

during the interview. 
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Table 2 illustrates initial content of the STC theme "stress". 

STRESS 

Content list, quotes, and outtakes of conversation. 

To me it was stressful, I do not like being looked at and that was something I needed to 

get used to in the testing. It was also a cause of stress or indignation when I didn’t feel 

like the feedback from the prototype and I were in sync. It was hard knowing if what I 

did was right or wrong in the start before I got a hang of it. 

In the beginning I got very distracted by the sound of the prototype and it felt a bit 

nagging but I learned to appreciate it. 

It felt a bit like parking sensor. I found the sound a bit stressful, but at the same time it 

was nice having the sound. In the beginning I thought the prototype was a bit sensitive 

and I thought that I was doing something wrong, so I used a mirror to double check my 

technique. I felt like I got the hang of it during the first day, but it also became much 

better the more I used it, it just needed a bit of time adapt. 

Question: any thoughts about how it could have been less stressful from the start? 

Answer: No not really, I think it’s just a matter of time to adapt. 

The first time it was very stressful and it made me really frustrated. But then again I 

have never really done deadlifts before so I it was a lot to think about and I got really 

tired and all the sound didn’t make that time any easier.  

It was a bit stressful, or that might not be the right word but feeling that I had the 

prototype on my back, made me very aware of its presence and I needed to move a bit 

differently, so it would not fall of. Question: And you found this to be stressful? Answer: 

well yes, but I got more used to it. 

The first time was most definitely stressful, but using the mirror was nice then I could 

see that I did it as I use to and it got better after the first session. I really got to appreciate 

having one session with and one without the prototype. 

Question: So how was it to use once you had gotten familiar with the prototype? 

Answer: When I had gotten used to it, my biggest problem with it was the tape, but I 

wouldn’t call it stressful to use any longer. 
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Third STC grouping  

This shows how I filled my themes of interest with quotes and selections from the interviews, 

as seen in the showcased example of the theme of stress. It was time to go through the themes 

and units in order to create subgroups within the themes, as shown in table 3.  

 

Table 3 shows the themes and their subgroups. 

Themes Subgroups 

Stress Feedback Sound adaption  

Trust Through 

exploration 

Influence Why  

Convenience 

of use 

Fastening comfort   

Motivation Competition Accomplishment impact  

Reflection Learning by 

using 

Learning by not 

using 

Awareness Safety leaving 

room for 

reflection 

Feeling the 

link 

Making 

sense 

Feeling the 

errors 

  

The last set Ignoring the 

prototype 

Reflections after   

  

The different subgroups were extracted from the data by looking at wordings and themes of 

the quotes, looking for similarities and differences. I organised this data into groupings under 

a title I found fitting for each group. This shows the different aspects being touched upon 

through the meaningful units, and from here on the subgroups are the main focus of the 

analysis. To further showcase this, let us look back into the theme of stress and how the 

content now looks and is arranged, as shown in table 4.  

 

Table 4 illustrates how the content is organised within the subgroups. 

STRESS 

Subgroups Content 

Feedback • It was also a cause of stress or indignation when I didn’t feel like 

the feedback from the prototype and I were in sync. It was hard 
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knowing if what I did was right or wrong in the start before I got a 

hang of it. 

• In the beginning I thought the prototype was a bit sensitive and I 

thought that I was doing something wrong. 

Sound • In the beginning I got very distracted by the sound of the prototype 

and it felt a bit nagging but I learned to appreciate it. 

• It felt a bit like parking sensor. I found the sound a bit stressful, but 

at the same time it was nice having the sound. 

• All the sound didn’t make that time any easier. 

Adaptation • So I used a mirror to double check my technique. I felt like I got 

the hang of it during the first day, but it also became much better 

the more I used it, it just needed a bit of time adapt. 

• Question: any thoughts about how it could have been less stressful 

from the start? 

Answer: No not really, I think it’s just a matter of time to adapt. 

• The first time it was very stressful and it made me really frustrated 

• It was a bit stressful, or that might not be the right word but feeling 

that I had the prototype on my back, made me wary aware of its 

presence and I needed to move a bit differently so it would not fall 

of. Question: And you found this to be stressful? Answer: well yes, 

but I got more used to it. 

• The first time was most diffidently stressful, but using the mirror 

was nice then I could see that I did it as I use to and it got better 

after the first session. I really got to appreciate having one session 

with and one without the prototype. 

• Question: So how was it to use once you had gotten familiar with 

the prototype? 

Answer: When I had gotten used to it, my biggest problem with it 

was the tape, but I wouldn’t call it stressful to use any longer. 

 

At this point the content of the already existing meaningful units was split into the subgroups 

to emphasise what they were about and made the iterative process of fitting information to 

the right places easier.  
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Fourth grouping 

The final grouping involves processing of data, before finding a quote and creating a 

condensate for each sub group of the themes. In this process, I went through all the now 

created themes and subgroups. I adjusted titles and content and made sure that all my 

participants were voiced in the subgroups. Some participants had more information than 

others, or were better at voicing their opinions and had multiple entries through some 

subgroups. Other times, the data from two participants was so similar in their wording and 

meaning, that they were combined as one quote to make the data more condense. To make 

sure that I properly voiced the opinions of my participants in this step, I went through both 

the logs and transcripts for each participant and compared it to the now more compact 

dataset. This had been an important notion throughout the whole process for me and I found 

the fit to be adequate. The themes and subgroups that were finalised in this process as  

grounds for my findings, can now be seen in table 5. 

 

Table 5 displays an altered version of the themes and subgroups. 

Themes Subgroups 

Adaptation New input and 

stress  

Getting 

comfortable 

  

Trust Through 

exploration and 

use 

Influence Why  

Convenience of 

use 

Fastening Comfort   

Motivation Competition Impact Accomplishment  

Reflection Learning by 

using 

Learning by not 

using 

Awareness Safety leaving 

room for 

reflection 

Feeling the link Making sense Feeling the 

errors 

  

The last set Ignoring the 

prototype  

Reflections 

after use 
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Creating condensates 

Even though the forth grouping was supposed to be the final iteration, I found the need to do 

some last minute alterations when working on the condensates. I went one step back and 

rearranged and merged some themes, for example, feeling the link became a part of adaption. 

The two themes used much of the same raw material and in the end discussed the same 

things. In doing this, I did one last thorough reading of the raw material to make sure that 

nothing was lost in this process. Now being sure that the participants voices was thoroughly 

embedded in the data set and the fit and format made sense, I started looking for quotes that 

best voiced the subgroups and created condensates to encompass and voice the participants 

views in each subgroup. 

  

When creating condensates and finding the best quotes for each subgroup of a theme, I went 

through said theme and started by looking for the best quote. After having found what I 

thought best represented the theme through a quote, I started making the condensate.  

To create the condensates, I went through the subgroups and the meaningful units within 

them. I looked for what the units had in common and where they took on different aspects of 

the theme. As the subcategories were already defined pieces of information related to the 

respective titles, what they had in common was the easiest to find, which is how I started the 

condensates. After finding the common factors, I focused on including the nuances and well 

formulated parts of the participants voices, to give a broader understanding of the theme 

while keeping it close to how the participants voiced their opinions. The condensates were 

written in a first person perspective as suggested by Malterud (2017). I also found this fitting 

as the first person point of view is held in high regards in this study. One condensate forms a 

subgroup. Even if it is written and sounds as one person, it is made and contains the core 

premises the participants wanted to voice within the theme, while also working in the 

individual nuances of the participants. The condensates are results of this process and is 

completed with pen and paper in Norwegian. Therefore, it is hard to accurately recreate this 

process and do it justice, but it was done following the above guidelines to create the findings 

shown in 6.2. 
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Picture 20 shows a selected overview of some of the work documents in the STC process. 

 

6.2 Themes from the STC analysis 

The following findings are a list of the final themes and their subgroups showing each 

subgroups condensate, explanation and best fitting quote. The listed findings below is the 

grounds for the results presented in chapter 7.  

 

6.2.1 Adaptation 

 

Stress 

The prototype felt a bit like a parking sensor. When it was making sound I got weary about if 

I was doing it right and felt that I was doing something wrong and got stressed by the sound 

and frustrated that I didn’t understand how to make it better. 
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The new impulses of the added feedback led to some initial confusion and frustration. The 

participants did not automatically “click” with the prototype. The added sensory equipment 

used rapid sounds that were a lot to process, especially for the ones without prior experience 

with the exercise. Those with prior experience had a shorter acclimatisation time and got used 

to this added feedback faster than the others. However, they also note that they found it 

stressful to begin with, in a similar way to the less experienced participants.   

 

“The prototype felt very sensitive and it was stressful with all the beeping.” 

Participant 1. 

 

Getting comfortable 

The first time it was stressful and frustrating, but it got better through habituation and I 

quickly got used to the prototype and how to use it. 

 

The initial confusion did not last long. By testing the prototype, varying ranges and angels of 

triggering, most participants quickly gained an understanding of how it reacted to their 

movements. Some participants used a mirror to double check their movements in accordance 

with the prototype and what they knew of the exercise beforehand. This was mostly done by 

those with prior experience. 

 

“At first it was stressful, but I got used to it and started appreciating the feedback the 

prototype gave me.” 

 Participant 5 

 

6.2.2 Trust 

 

Through exploration 

After having tested it a bit for myself and gotten used to it I started trusting the feedback it 

gave me. 

 

Through the initial testing and continuous use, the participants felt more comfortable with the 

feedback and found that it made sense according to their movements. The feeling that it made 

sense was a common factor that led the participants to start trusting the prototype and its 
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feedback. Up until this point, their main focus was figuring out how to use it properly, when to 

listen and how to interpret the sound in accordance to the lower back posture. 

 

“After I understood how to use it properly I started really trusting it.”  

Participant 4 

 

Influence 

I noticed that something I did triggered the prototype a lot and when I adjusted and listened 

to the feedback from the prototype it got easier to do it correctly without triggering as much 

sound. 

 

When the participants started to trust the prototype, they allowed it to influence them when 

exercising. This influence mainly happened through physical changes in how they were 

lifting, as well as through reflection as they started to notice patterns in when, where and how 

they triggered the sound. This led to many reflections and thoughts around revising aspects of 

their technique, and some participants started asking for additional advices on specific parts 

of their lift.  

 

“I got more aware of the prototype and listened to it after having started to trust it. It made it 

easier to use the prototype and easier to do the exercise correctly.”  

Participant 5 

 

6.2.3 Motivation 

 

Competition 

My goal became to get so good that I wouldn’t need the prototype anymore, and it became a 

motivation to compete against the prototype when exercising. 

 

When trust was established and influence started to occur, the notion of competition and 

motivation was used to describe how participants felt like ‘beating’ the prototype or getting 

good enough to no longer need it. This transformed the way the participants were thinking of 

the prototype to not only being an instrument to listen to, but also a motivator to overcome. 
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“I don’t really know it was my competitive instinct or what it was but I really wanted to 

manage to do the exercise without triggering the sound from the prototype.”  

Participant 3 

 

Progression and accomplishment 

After the test period I can see the value of the prototype, when I towards the end of the testing 

no longer triggered the sound as much I really started liking the exercise and had a feeling of 

accomplishment and that my technique had improved through the test period. 

 

The participants all felt a sense of accomplishment and progression as a result of their time 

with the prototype. The motivation of beating the prototype or becoming self-reliant enough 

to no longer need it gave them a way of measuring progression in the form of number and 

intensity of sound cues triggered. It seems as if the sessions without the prototype also gave 

room for finding unassisted self-reliance, further confirming their progression and ultimately 

feeling of accomplishment. 

 

“I now feel the posture of my lower back better than when I started, back then I didn’t really 

have a clue.” 

Participant 5 

 

6.2.4 Reflection 

 

During the testing the participants, started off with two sessions with the prototype and after 

that alternate sessions with and without the prototype. This was done to first give the 

participants time to get a feel for the use, and the thought behind removing it was to see it this 

would lead to additional or different experiences and perceptions towards the prototype. 

 

By use 

When I was using the prototype my main focus was on my back posture. After a while when I 

got less and less sound cues my focus changed to working more on other parts of my 

technique and the prototype became more of a reminder if my focus was too much on other 

things. 
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Here, the role of the prototype changed and was adapted by the participants to fit into their 

own way of learning and exercising. From mentoring their posture and being a point of great 

focus and effort to maintain, most participants transitioned when they got to a level of skill 

that did not prompt the sound as much. The prototype become more of a reminder and safety 

that allowed to lessen the focus on the lower back and rather increase focus on other technical 

aspects with the exercise. This includes aspects such as locking shoulders to further stabilise 

the lifting or see how much heavier they could lift before they started triggering the 

prototypes sound again. 

 

“When I triggered the sound a lot I started thinking about how I was doing the exercise and 

how I should do it as to trigger less of a sound que.” 

 Participant 2 

 

By not using 

After having used the prototype I became uncertain without it, and I missed having the sound 

cues telling me about my lower back posture. So I tried my best to remember and replicate 

what I did with the prototype. After a while the training without the prototype became a way 

of testing myself and to see if I could remember what I had done when using the prototype or 

take with me aspects that felt uncertain to my next session with the prototype to experiment. 

 

Interestingly, a lot of the progression and reflections were formed and gained when the 

participants were without the prototype. The absence of the feedback led to a sense of 

uncertainty, even participants with prior experience found themselves missing the sound and 

being more mindful about their technique. The absence and uncertainty became a tool for the 

participants. The lack of sound cues and growing uncertainty made most participants try to 

replicate what they did when they had the prototype. Everything that was taken for granted 

when they had additional feedback, became points of further reflection in that they felt a need 

to work on and focus on these changes when they next had the prototype.  

 

“During the last session of the testing period I felt like I had control without the assistance of 

the prototype, because I had the “how to do it” fresh in memory after having used the 

prototype.”  

Participant 2 
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Safety 

I feel like I have a safety in the prototype in how my posture is. The feeling of safety was good 

to have both when working on learning the exercise properly as well as when it got really 

heavy and straining to do cause of the weights. 

 

When trust was a given, the use of the prototype created a kind of comfort zone in which the 

participants felt confident and wanted to work on and experiment with their technique. They 

knew the prototype would help them to maintain a safe posture as long as they started out 

correctly.  

 

“I have some problems with my back and knees and thereby seldom use free weights during 

exercise, as I’m scared to make things worse, so having the prototype as a safety nett was 

great!”  

Participant 4 

 

Awareness 

Having worked with the prototype has given me a new focus on technique and made me more 

aware of my posture during the exercise. 

 

It became clear during the interviews that an increased sense of awareness around technique 

was a clear outcome of their time with the prototype. This ended up both including the usage 

of the prototype, as well as the lasting mental image of the feedback it gave when not actually 

in use. 

 

“Just by having the prototype on me made me more aware of technique than without it.” 

Participant 1 
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 Results  
 

The word prototype and research product will be used interchangeably throughout the 

chapter. The participants were introduced to it as a prototype to use a common word, whereas 

it, for the sake of the research, is a research product. 

 

The STC analysis ended in a list of categories, as shown in chapter 6 (6.2) and in Table 6. 

While doing the analysis and going through the data from the interviews after the test, a 

common pattern was noticed related to how the role and use of the research product was 

adapted and used through the testing period. To ensure that this pattern was an actual finding, 

I checked all the logs that were made during the test period to look for the same pattern there. 

This resulted in what I call the timeline of use that is also displayed in Table 6. The timeline 

of use in itself is a finding, although not directly a result of the STC analysis, but rather 

derived as an occurrence that became visible while working with the data. All the participants 

had a very similar way of adapting and using the research product and changing their use 

throughout the test period, which is the foundation for the finding the timeline of use.  

 

The participants had a very similar timeline of their use and time with the prototype and 

seemed to only advance in use once they got past some parts of the interaction. To ground 

this timeline of use as an actual finding, I needed to check times of occurrence more 

thoroughly. Some of this was visible in viewing the transcripts from the interviews. Other 

parts had to be cross referenced with the logs each participant kept during the testing. The log 

was written between each set and at the end of each session. When combined with the 

interview, it gave quite accurate insight into when something happened. Using this cross 

referencing, I created timelines for the participants and noted when certain interactions took 

place. Using the interactions or happenings that were common for all the participants, I found 

the instances that held the most importance in the user artefact relationship and this resulted 

in the timeline of use.  
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Table 6 illustrates the findings of the STC analysis and the timeline of use. 

 

 

The timeline of use is useful because it gives insight into the how the results of the STC 

analysis were a part of the participants experience with the research product. I will use the 

timeline of use as a framework to show how the process was experienced by the participants 

and give context to the findings of the STC analysis. I will include this as I see it as important 

with regards to my research question: “How will a digital artefact that adds feedback to key 

elements with regards to safe technique of deadlifts as a strength exercise, alter the users’ 

perception of the exercise and as such the learning process, seen through Dreyfus’ model of 
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skill acquisition novice to master”. How the artefact influences the perception and learning 

experience of the participants is a fluent process that depends on both how much time the 

participant has had with the research product and the level of skill the individual participant 

inhabits. The aspect of time using the research product is what is showed through the timeline 

of use, whilst the aspect of skill level is linked to the Dreyfus model of skill acquisition and 

will be addressed later in the chapter. As well as connecting the findings to the skill 

acquisition model, I will connect the relevant aspects to both maximum grip and tacit 

knowledge, as this is in part how I wanted to influence learning.  

 

7.1 The timeline of use 

The timeline of use, as displayed in Table 6, was the result of an analysis of the interview data 

and a by-product of the STC analysis. It shows the progression and role of the research 

product throughout the process, and incorporates most of the findings from the STC analysis 

although slightly rearranged as seen in Table 7. The timeline of use is split into the most 

noticeable points in time throughout the process, from familiarisation and adoption to how 

experience is gained based on reflection and use. The following is a run through of the 

timeline of use as a framework, to give context to the findings from the STC analysis, like 

when they formed and how they were needed to advance and form new ones. This is all 

relevant to the research as it shows how the participants reacted to the introduced artefact, 

how it was used and what influence it had on the participant. Putting this into a timeline gives 

an understanding of what effect occurred when. 
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7.1.1 Familiarisation 

The first session was the first meeting between participants and the research product in actual 

use outside the guidance of researcher. This was inevitable and necessary for the participants 

to be able to use the research product independently. The less experience the participant had 

with the exercise, the more frustration it seemed to create when adding the research product 

into the mix. The premise of the research product is that one has proper form when starting 

out the lift, and with little to no prior experience this would perhaps be a bit overwhelming. 

For those with experience, it was more a case of getting a feel for this new approach to the 

Table 7 shows the connection between the STC finding and the occurrence of the timeline of use. 
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exercise and how to react to the research product. The first meetings were the cause of the 

initial stress and frustration.  

 

7.1.2 Understanding the research product 

Working through this initial phase and finding a rhythm with the research product was key 

for further advancement. This was done through getting comfortable and through exploration, 

and the transition from confusion to understanding was rapid for most. Further advancement 

was based on the participant starting to put trust into the feedback they received. As they 

found a rhythm with the research product, the feedback became clearer to them and they 

started developing trust towards the prototype.  

 

7.1.3 Allowing the research product to influence  

When the participants started to trust the research product and its feedback to some degree, 

the research product could become a tool for learning. Hence, being able to put some amount 

of trust into the research product and its feedback, was essential for any significant amount of 

learning to develop, based on the use of the research product. When the participants started to 

listen to the feedback and adjusted their lower back and technique accordingly, they also 

began to reflect around the changes they did. This reflective process that they carried with 

them, both through using and not using the research product, is what seems to have caused 

the most impactful learning outcomes of the research product. 

 

7.1.4 Using the research product 

The sessions with the research product gave feedback on the posture of the lower back and 

were an early point of focus, as the participants were aware that this was an important aspect 

and what the research product would revolve around. The participants that were new to the 

exercise, had a slightly lower progression than those who had prior experience. Those 

without experience also achieved a level of skill that they needed, to get a good hold of how 

to stay in posture and accumulated the strength to maintain it. When this became clear to 

them, they shifted their focus to other parts of the exercise that had gotten less focus in the 

initial learning process, as the research product demanded their attention. At this point, they 

redefined the role of the research product to be more of a reminder of if they were too 

careless, they would get a warning and be able to correct their posture while continuing to 

work on the other things they found challenging with the exercise. 
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7.1.5 Not using the research product reflections 

When the research product was left at home and the participants had sessions without them, 

they got a chance to test what they had learned and for those new to the exercise, a chance to 

experience it as it is normally performed. However, the research product was still an active 

part in the learning process even when it was not there. The research product became a sort of 

reference tool when not using it, as well as a way of checking out aspects that suddenly felt 

uncertain when the research product was off. Those with more experience found themselves 

thinking of their last session with the research product and had a greater focus on technique 

than they normally did. Before the test period, it had become a habit and was not as much a 

point of reflection, but as the research product had given them some sound cues, it triggered a 

feeling of needing to improve the technique. 

 

7.1.6 Motivation 

The competitive motivation was not a planned dimension for the research product in the 

design, but an outcome of how the participants chose to use it. The participants seemed to 

find it enjoyable to use it to measure their progression by how much sound they triggered, 

and progression was measured in growing absence of sound as one got better. Even when not 

using the research product there was a will to progress, so they could trigger even less sound 

next time they were going to use it.  

 

7.1.7 Experience  

The experience gained through the test period is evident in the progression and 

accomplishments the participants have gained. Fuelled by a motivation in becoming better 

and beating the research product, the participants gained knowledge and experience that they 

made their own and embodied as a part of becoming better. The sensitivity of the research 

product and the feedback from the participants that they managed to do sets without 

triggering it, speaks volumes of their determination to improve particularly for those with 

little to no prior experience with the exercise. 

 

7.1.8 Summarising the roles of the research product 

When the research product was accepted and the participants allowed it to influence, the 

research product could take its role in the test: its design goal of helping reduce the chance of 
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injury by changing the users perception of the exercise through prompting good technique. 

As seen, it was adopted into a guidance role by the participants. This was expected as it was 

part of the entry into the study and the participants were aware of its goal. However, they 

changed this role by themselves when they felt like they had a good grip on the posture. The 

participants also gave it a competitive motivational aspect, and quickly made it a reference 

tool when exercising without it. It served as a tool for reflection, both when present and 

absent, and served as a means to measure progress. 

 

7.2 Dreyfus - five stages of skill acquisition and the 

findings  

Participants without previous experience were guided through the exercise and had time to 

move past what Dreyfus would describe as the first step of novice. The research product was 

designed for actual use in the activity, therefore the need to get all participants to a minimum 

skill level of advanced beginner was necessary to allow them to reconstruct all parts of the 

deadlift into the actual exercise. At a stage of advanced beginner the exercise is still very rule 

driven in how it is performed. This was not seen as an obstacle as the research product works 

into this mindset by abiding by the rules and enforcing them through the feedback. The 

participants that were new to the exercise had a chance to get to an adequate skill level before 

the testing started, so they could perform basic deadlifts. 

 

At the skill level of advanced beginner, the research product seems to have been used as a 

coach that helped guide and instruct the posture of the participants, as they were learning the 

exercise through practice. Instead of wondering about the posture, the constant feedback 

always gave the participants indications on their posture and if they were bent too far 

forwards or backwards. This indication is evidently not the only thing that affects the 

technique over all, but it is a key point in the lifting and lowering of weights and helps create 

correct movement paths and force generation. Making this a focus point from the early stages 

by demanding constant attention through the research product seems beneficial. The findings 

in influence and by use in the STC results also suggest that the research product had a 

positive impact on learning as it clearly became an area of focus and advancement.  

 

Moving from advanced beginner to competent and for participants in this area of skill, the 

prototype seemed to continue to be a coach as they expanded their experience pools through 
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repetition. The removal of the prototype, as I see it, is also a way of expanding the experience 

pool, not primarily through repetition but rather through reflections and thoughts about their 

technique and a reality update about their actual individual skill level without any guidance. I 

believe that the reflective thought process that was enabled by first introducing and then 

removing the research product, created a new dimension of thought that would have been 

harder to achieve without the introduction of the research product. I have based this on the 

STC findings by use and by not using and data from the interviews about the sudden 

uncertainty and wish to confirm with the use of the research product to ensure correct form.  

 

As Dreyfus argues, when becoming competent there is a change from just following the rules 

to starting to experiment with self-made decisions. It is hard to say with any certainty, but 

this does seem to correspond with the role change of the research product from coach to 

reminder, displayed in the findings by use. The participant flipped the role of the research 

product when they were confident that they would not trigger sound of much magnitude. As 

the interview and findings indicate, the research product became a reminder for the 

participants if they should fall outside of their comfort area, through small sound triggers. 

This gave the participant the opportunity to instead focuse on other aspects of the activity, 

like rolling and locking of shoulders, feet placement, and grip. This is not to say that there is 

a perfect match or link to the model in correspondence to time of occurrence or reasoning 

behind it. However, it does share similarities and the participants were able to find use for the 

research product even when they felt confident in their posture and redefined the role without 

involvement of the researcher.   

 

Dreyfus model has a requirement for advancement between competent and proficient, which 

is an emotional connection to the exercise. The research product was not designed for this 

specifically. The general feeling of advancement and accomplishment helps to build these 

connections, but the motivation the participants found in “beating” the research product can 

in itself perhaps be seen as an emotional connection based on the STC findings in 

competition and progress and accomplishment. This connection would be absent or different 

without the research product to constantly show indications of advancement, stagnation or 

decline towards their goal of advancing. This fits with the Dreyfus model of emotional 

connection, where the main premise is to make choices. Feeling emotions as a result of the 

outcome of these choices, helps guide learning.  
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The research product was not intended for experts, as they by definition master the exercise. I 

did have a personal trainer that I would consider an expert test the research product for two 

sessions. Due to full schedules and little field time, this resulted in too little data to make any 

sort of assertion. The notes from this log read little to no triggering of sound after having 

figured out proper use of the prototype. For most skilled participant in the study, who I would 

consider proficient, the research product quickly became a motivator to “beat”, as seen in 

findings competition. It also helped this participant in finding and correcting a small change 

in posture when lifting heavy weights. This resulted in a decline in weight after testing had 

ended, to ensure that technique was the main focus for the near future, and as such ensure 

personal progression for the participant in question. 

 

The introduction of the prototype to the skill acquisition process, with the goal of altering the 

participants perception of the exercise, is seen in the STC findings and the timeline of use. 

Here it is put into context with the requirements of advancement within the skill acquisition 

model. It is elaborated upon how the interplay between the research product and the 

participants evolves in accordance with their skill level, and how it has affected their 

experience of learning. All the experience ties into the participants experience pools, as 

extended processes are grounded in perceptions founded by the research product. Whether 

these extended processes of thought accelerate learning by making it slower but thorough, or 

is equal to the normal learning process, is hard to say. However, I will say that there seems to 

be a different way to go about learning that is grounded in a focus on safety for the 

participant.  

 

7.3 Maximum grip and the research product 

The research product targets a very specific area and thereby limits its effect on the overall 

maximum grip. It would not give any indication of one’s grip on the bar, contact with the 

ground, or straightness of the knees, which all tie into the maximum grip of the exercise as a 

whole. What the research product does, is help get a maximum grip on the lumbar area of the 

back. It does so, through constantly giving reminders of when the equilibrium is broken, 

which forces attention towards better posture and thereby a better grip on the aspect. One 

could argue both that this takes focus away from the other parts, and that it gives one an 

assisted grip on the situation giving room for improving overall. I am not sure there is one 

final answer here and I think that subjectivity and level of skill of the individual would 



 87 

greatly influence how and what that improves when. However, I do believe that beyond being 

a safety feature, the research product serves as an assistance in grip of the situation as it gives 

instantaneous feedback if one does the exercise wrong. It will also assist you in having a 

maximum grip on your lower back, which is key to gaining a good overall technique and 

thereby a better overall maximum grip as one’s skill increases. A quote that encompasses this 

is “I now feel the posture of my lower back better than when I started, back then I didn’t 

really have a clue.” – participant 5.  

 

7.4 Tacit knowledge and the research product 

Working on maximum grip, which has an effect on the body and becomes embodied, can be 

closely connected to tacit knowledge. Even if the physical activity can be explained as 

explicit knowledge, the feeling of doing something correctly is harder to grasp. Some form of 

feedback is usually needed on what one is trying to accomplish. This feedback can be a great 

deal of things, a coach, a parent or a result of the action itself. It is a part of learning and 

helps the understanding of what is incorrect and correct. If one excludes the concept of 

balance, most aspects of the deadlift exercise has physically recognisable features, that are 

possible to mimic in order to learn the basic movements. The inherent action lies with the 

individual’s mind in feeling the exercise, and if it is executed well. This can be broken down 

into separate elements and expressed as explicit knowledge, but in doing the activity fluently 

without pause, there is a need for an inherent sense of confidence in what one is doing. The 

feeling of confidence is based on repetition and validation of previous sessions, which help 

the individual form interpretation of what is correct, and enables one to step up to the bar and 

be confident when executing the exercise. This all ties into the proximal dimension of tacit 

knowledge and the bridge to explicit is not very long. I still argue that this is tacit knowledge, 

because it has to be experienced and accepted within one self before it takes effect.  

 

The research product was not primarily made to target tacit aspects of performing deadlifts, 

but can still have an effect on it in much the same way it has an effect on maximum grip on 

the lumbar posture. If the research product’s feedback can be used to encourage a sense of 

confidence in knowing how well one can perform, it is possible that it has an impact at least 

towards the tacit dimension of confidence in feeling the performance of the exercise. 

Building on this notion, tacit knowledge can be connected to the findings in safety. The added 
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feeling of safety and reassurance can help in forming the inherent confidence that will be the 

foundation for further exercising. 

 

When participants with experience found unexpected flexing or bending in their technique 

while doing deadlifts during the testing, it could be said that this caused grounds for change 

in something that was well rehearsed and made embodied. Making room for this possibility 

of change might also impact the confidence of execution, and thereby touch upon the tacit 

knowledge that lies behind the embodied technique. In this case, this was no major setback 

for the participant, and was worked upon and corrected with the use of the feedback as a part 

of the process, leading back to a sense of confidence.  

 

7.5 Outside the main experience 

Two other themes formed during the STC analysis and those were “Wearing” and “The last 

set”. These two are not a part of the timeline of use as they revolve around different aspects of 

the research product rather than the participants experience. The reason for including them as 

parts of the findings is to see if they had any implications towards the creation of a research 

product. Wearing is a technical theme that is of interest to see how the research product was 

perceived and how it was to use. The last set is an interesting observation that I want to shed 

some light on, as it impacts the participants experience throughout the test period as a result 

of design and the setting, that was not accounted for. I therefore find it important to address 

these themes. They were both derived from the interview material as part of the STC analysis 

process and will be presented as findings similarly to the presentation in chapter 6 (6.2) 

before going into them. 

 

Wearing  

Wearing is split into two subcategories to display the two aspects that occurred in the 

analysis. 

 

Tape 

The tape to fasten the prototype was a bit annoying and sometimes stretched the skin a bit, 

and if I had a long warmup if wouldn’t stick properly or fall of. 
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When it comes to wearing the prototype, it became evident that there were a couple of things 

still to be desired. The tape used to fasten the sensor on the lower back was the most common 

and demanded thing to improve upon if the prototype was to be developed further. The tape 

is made to be fastened to skin during exercise over a longer period of time. However, it seems 

to be a bit problematic to stick the tape to skin if the skin is already damp with sweat, which 

caused it to loosen and fall off every now and then.  This was aggravating as it became a 

hindrance in completing the set or time-consuming before even starting the actual exercise 

after warming up. 

 

“After having used the prototype the sports tape was the biggest nuisance.”  

Participant 2 

 

Comfort 

It was too bulky with some sharp corners and a little uncomfortable to wear. It would have 

been nice if it was controlled by an app or something to get rid of the box and wires. 

 

There were also some complaints about the corners of the prototypes main body casing, as it 

could dig into the skin a bit for some participants depending on where and how they fastened 

it to their bodies. 

 

“The prototype was a bit too bulky and cumbersome to wear.”  

Participant 4 

 

The last set 

I did not take notice or ignored the prototype during the last sets in each session because it 

was just too much to handle at that point, I was tired and had focused a great deal during the 

session. 

 

This was common through all the participants and seemed to last through the whole test 

period. The last set of the session is very demanding by itself and the added feedback was 

commonly ignored or intentionally tuned out as all focus was demanded on the effort. This 

diminishes the role of the prototype during the final part of the sessions and becomes an 

element of active or passive ignorance which is in discord with the design of the prototype. 
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“I did for the most part ignore it during the last set. Especially the first sessions as I was so 

tired and wanted to finish.”  

Participant 3 

 

7.5.1 Creating a research product & addressing the last set 

Most of the criteria of creating a research product, are apparent through use by if they were 

successful or not. The inquiry driven part should already be well grounded in the research 

product and can be seen through the comparison with the Dreyfus model in (see chapter 7.2) 

that it is comparable and connected both to the learning model and awareness to prevent 

injury. The same can be said with regards to the finish. It is a working representation of 

actual use that has been tested over time and been reflected upon as it is and what it does, 

rather than what it could be or do. The need for independence, in that it functions and can be 

sustained through use over time with minimal maintenance, was also clear as there were no 

reported problems with any of the research products through any of the three weeks test 

periods that they were used in. This leaves the requirement of fit and if it was user friendly 

enough to be a part of everyday life. 

 

I included questions in the interview towards the participants feelings of how the research 

product felt to use as a physical object. The questions were made open ended, to give the 

participants unhindered room to voice their opinions. I will use the results from these 

questions displayed as wearing in the STC results above to look at how this effected their use 

and if it created problems as to the requirement of fit of a research product. 

 

The fastening problem caused by the tape is an issue I would look into if I were to do a new 

test period and a point I think should be thoroughly looked into if one is to create a similar 

artefact. It was aggravating for the participants and felt like unnecessary time consumption 

that did nothing for the experience. Even though it was aggravating for the participants when 

the tape did not work as intended, I do believe the prototype did what it was supposed to do. 

Although an alternative and less annoying way of fastening the sensory unit would be 

optimal, I do not think it would change the outcome of the effect the prototype has or make it 

more durable, just more comfortable and quicker to apply. 

 



 91 

The corners causing discomfort for some participants should be an easy thing to 

accommodate for. It was an oversight because it never came up as a problem during the 

testing in the design phase, and should be noted as a point of improvement. The important 

aspects of the casing is to have a high structural integrity while holding the electronics secure 

inside. The shape and size should be as small as possible, but if possible also have less 

corners and be versatile enough for different ways of wearing. 

 

The above mentioned aspects tie into what I consider the fit of the research product. I do not 

think that the inconveniences of these aspects are sincere enough, to deem the attempt of 

creating a research product unsuccessful. It did not hinder the participants in using or 

understanding the artefact, or shy away from it. Rather, these were aspects that the 

participants would improve upon if they could change anything. I do believe that it succeeded 

in being a research product. The result of these findings are not tied directly into the 

experience of use by the participants, but are findings that help validate the artefact that their 

experience is based on. These findings might not lead to any big contributions outside this 

study, but validate the artefact that is in part what the contributions are based on.  

 

The last set 

The low impact the prototype seemed to have during the last set of each session is an 

interesting discovery. It did not come across as unfavourable for the research product in how 

the participants felt towards it, but it is unfavourable that they ignored the last set as it defeats 

its purpose. It seemed that the research product became too much to handle and focus on, and 

the response the participants had was to passively or actively ignore the feedback, to finish up 

quickly due to the participants being exhausted.  

 

The last set of a workout, as well as all other repetitions and sets, adds to the accumulated 

experience of the individual and helps their progression and embodiment of the exercise. The 

indication that form and technique seems to be of less importance to the participants than to 

finish would not be worrying if it was not for the consistency. If technique is deprioritised, 

the room for bad form increases and the lower the skill level, the greater the risk of injuries. 

The less skilled one is, the less routine and embodied feeling of form and technique is there 

to help with the exercise. If this is combined with a consistent lack of focus, this would add 

up to lowering the threshold of injury over time.  
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My goal in the study was to influence learning and security by applying an artefact here 

through the research product. The results of the testing has led me to a theoretical suggestion 

for how to deal with this unwanted trend of ignoring the research product during the last set. 

My suggestion is to add an additional mode to the research product specifically designed for 

the last set of each session. This mode would have a extended range of angel before 

triggering but still remain within a safe angel range. This could be combined with an even 

more distinct sound to enforce a sense of urgency if triggered. This would decrease the 

amount of feedback the user would experience and only enforce a less strict outer limit of 

what is acceptable. This addition might make it easier to listen to the research product even 

when utterly exhausted. In theory, if this were to have the desired effect, there would be a 

dual benefit by keeping the user safer and not lowering the threshold of injury, and also 

maintaining the relevance of the research product in the last set. The research product as it is 

now is strict, this to enforce good technique. However, this causes a lot of feedback and the 

lower the skill level, the more it will be triggered. The suggested addition of mode designed 

to be less intrusive might make it easier to listen and maintain a safe technique. When 

reaching the higher skill levels, the importance of this is lower but it is still relevant for the 

prototype to remain relevant and in active use to influence the users’ perception of the 

exercise and completion. 

 

This is a situational finding that is based in the research product and its feedback mechanism 

combined with the setting of the study. Thus, it is not necessarily a problem for others doing 

similar research, but it is a finding that can help others wishing to explore this or similar 

fields, with how they design their feedback mechanisms. This showcases the importance of 

how the feedback is perceived by the participants through the whole exercise. What is fine in 

the start, can be very different when exhausted and tired. As such, I include this as a finding 

as it can be a useful consideration for others in the process of making a feedback based 

artefact and to keep its relevance from start to finish. 

  

The findings in this chapter are based both in the research product itself and in the 

contextualised interplay between research product and participants. The timeline of use gives 

insight into the test period and highlights important factors that are only visible through the 

actual testing. Examples of such factors are the need for the participants to put trust in the 

artefact before allowing themselves to be influenced by it and the participants dictating and 

changing how they choose to use the artefact throughout the process, and how they made it 
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into a motivational tool themselves. The findings, when put into context of the model of skill 

acquisition, shows how the skill level of the participants influences and is influenced by the 

artefact to create interaction and learning. It is also tied into the timeline of use in that one can 

see the order in which different interplay occurs. The reflections on the research product, 

maximum grip and tacit knowledge helps explain how the research product affects the 

learning progress. Even though their influence through the research product might be limited 

by the research product itself, maximum grip and tacit knowledge can still help the overall 

technique advancement. 
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 Discussion 
 

8.1 Different approaches to applicability of sensory 

technology, and why it matters 

 

This study, as opposed to the other studies, does an in field study over time that focuses on 

the participants experience with the prototype to explore the research question that is based in 

a phenomenological approach to learning. Pernek et. al (2015) and O’Reilly et. al (2017) 

apply wearable sensory technology to strength exercises, but are more focused on in depth 

applicability of the technology’s validity as means of measurement. The two studies 

mentioned above do not consider how the users of the system will use the data or learn from 

it. Spina et. al (2013) is closest to this study in turns of what it wants to accomplish, but 

differs from my study in that it has a user group that have inherent risks and as such, they 

cannot do a field study. All three studies have been tested in controlled lab settings and are 

overseen or monitored to find accuracy or effect of their work. In this study, the design 

process took the considerations needed for the artefact to be safe to use, through giving 

proper initial guidance. It was this initial process that allowed the study to proceed with an in 

field, unsupervised testing period. This opens for a more natural insight into how users of 

these kinds of wearable sensory artefacts, adapts the artefacts into their own routines. My 

study explores how the artefact alters their perception of the exercise from a first person point 

of view, and also how level of skill and time spent with the artefact has an effect on both 

participants and the role of the artefact, as based in the use of Dreyfus in this study. This is 

outside the scope of both Pernek et. al (2015) and O’Reilly et. al (2017) and closely related to 

the works in Spina et. al (2013). The applied use of the sensory technology could have been a 

nice addition to the work of Pernek et. al (2015) and O’Reilly et. al (2017) as their focus is on 

applicability of the technology. I find more agreement with the approach in Spina et. al 

(2013) as they employ testing with users that respond to the feedback from the applied 

technology. I argue that the applicability of technology is not only measured by how well the 

technology can identify intensity and technique, but also how it can have an effect on people. 

I also believe that the other studies could benefit from considering this more 

phenomenological approach as a supplement or alternative way of measuring the 

applicability of bodily sensory equipment, especially if they wish to have an effect on people.  
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The wearable sensor technology applied in this study is of a lesser complexity than the others 

and does not store any data. However, this also makes it suitable for a field approach as there 

is less room for errors and failure and makes independent use easy. Another difference is that 

this study did simultaneous testing with multiple participants over an extended period of 

time, rather than controlled lab sessions like the related work (O’Reilly et al., 2017; Pernek et 

al., 2015; Spina et al., 2013). The data gathered and displayed in chapter 7, is based on 

interviews and logs rather than numeric data on accuracy and efficiency as the related 

literature is based on. In this study, the prototypes had a set range of values that would trigger 

feedback and this was the same for all participants, and it was left to them to try and stay 

within this range. Any percentage of efficiency or progression is impossible for this study to 

present as opposed to the other studies. In other words, the applicability of the technology to 

the mechanical exercise is based in the design process, but the applicability to the human 

factor is what is tested through the participants.  

 

This study is inspired by the idea of thinking through doing (Klemmer et al., 2006). The 

study takes this beyond a notion and concept, and manifests it into the artefact through use. It 

is clear from the results that this mentality is in effect, and is augmented by the appliance of 

the artefact in use. Klemmer et al. (2006) argue that mind and body together create the basis 

for learning and reasoning. In this study, this is put to a very literal test in that the artefact 

uses the body as a way of interaction and base for the feedback that effects the mind. This 

constant and instant circular interplay of interaction – feedback – correction between body, 

artefact, and mind is what the artefact enables. The thoughts and reasoning of this process is 

reflected in the findings. I argue that this study takes this circular interplay one step further by 

removing the artefact during testing to create grounds for new reflections of use by being 

denied it. It created a new dimension of the exercise which actually, in reality, is just how the 

exercise is normally performed. Doing this in the middle of the process produced an 

uncertainty both in mind and body, leading to, at least in the beginning, participants trying to 

replicate the use of the artefact, rather than reembracing or embracing the normal activity. 

The circle of interaction – feedback – correction became lack of feedback – uncertainty and 

replication – correction. This leads to the concept of risk as presented by Klemmer et al. 

(2006), the removal of the artefact during testing increased uncertainty and arguably a sense 

of risk. Klemmer et al. (2006, p. 146) base their use of risks in Dreyfus and explain it as 

having to choose an action without knowing the consequences ahead of time. I argue that 

affecting the interplay between human and artefact by not only applying, but also removing 
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it, forms new paths of learning and experiences based on normal practice that would not be 

visible through normal practice if the artefact was never introduced. This would be invisible 

through theorising, as it is a phenomenon manifested in actual contextualised use over time, 

as shown in my study.  

 

This study also drew inspiration from Tholander and Johansson (2010) and the eight 

interactional qualities they presented. Using interaction that connects to the physical space 

and allowing users to adapt their actions in accordance to the artefact (Tholander & 

Johansson, 2010), is in part key to the final artefacts premise of use and shown in the study 

and findings to be effective in use. Bodily feedback is also a part of it all, as the scenario is 

based on bodily activity and the added feedback of the artefact only adds on to the already 

present bodily feedback (Tholander & Johansson, 2010). This is further emphasised by the 

removal of the artefact during testing, forcing the participants to consider their inherent 

feelings. The removal of the artefact can perhaps also be seen through what Tholander and 

Johansson (2010) coin as counter intuitive interaction. As Tholander and Johansson (2010) 

explain it, this is primarily concerned with how counter-intuitive movement and experience 

can open for interaction through increasing complexity. Removing the artefact is, as I see it, 

slightly similar, but instead of counter intuitivity being part of the experience, it is the lack of 

feedback when it is expected that rearranges the focus of the participant, forcing them to 

reflect rather than following guidance. This follows the same principal, which is executed 

differently in this study. The study also employs the notion of one-size fits all, as the artefact 

is made to be adapted to the individual user through calibration on site and measured on the 

user’s body as opposed to having a standard implemented in the artefact (Tholander & 

Johansson, 2010). This allows for individual differences from what the normal is. As such, 

the artefact adapted to the user instead of the user adapting to the artefact and the possibility 

for long-term interplay increased. However, the fact that the artefact had one means of 

interaction did not confine its role in the relationship between user and artefact. As can be 

seen through the findings in the timeline of use, this further corresponds with the notion of 

one-size fits all through that the skill of the user helps determine the role of the artefact. 

Another link between the findings in this study and the interaction qualities can be seen in 

what Tholander and Johansson (2010) describe as appreciating failure. What they mean by 

appreciating failure is that unsuccessful interaction can also lead to appreciation through 

working on progress. One can see this in the findings through how the participants 

themselves made the research product into a motivational tool. The research products was not 



 97 

specifically designed for this, but became a part of the interaction that the research product 

allowed for, played on this notion of craving for success and enjoyment in “trying to make 

it”.  The eight interactions qualities presented by Tholander and Johansson (2010) are based 

in both non-technological as well as technological interaction. An aspect that became very 

clear in this study, which the eight interaction qualities do not account for, is trust. This ties 

into the element of risk, as previously discussed, with the idea that physical actions are 

impossible to undo (Klemmer et al., 2006).  Therefore, letting a foreign entity guide 

participants can be grounds for mistrust or lack of trust. This seems to relate to the actual 

activity and if the user feels that there are any risks in that domain. It became apparent 

throughout this study, that before trust between user and artefact was established, little to no 

influence occurred. Hence, viewing trust as an interactional quality, or to at the very least try 

to account for trust, seems reasonable. This is even more important when using similar 

contexts as employed in this study, where the researcher is not present in the actual use of the 

artefact and as such, has no impact on helping or establishing trust during testing.  

 

Further emphasising the importance of trust and how it had an effect on the study through the 

participants, can be done through looking at the aspect of embodied interaction. Through the 

definition of embodied interaction, as presented by Dourish (2004), it is clear that sharing, 

meaning and thought through interaction with the artefact is central. In other words, without 

trust this experience was limited, until trust was established. Trust was established through a 

growing feeling of embodiment in which the interaction gave meaning and was 

understandable in the physical context it was placed in. I argue that this is not necessarily a 

given for an artefact, and that it in turn sets requirements for the design and how well the core 

idea is formulated and embedded in the artefact.   

 

8.2 Final reflections on the study and its way of 

answering the research question 

“How will a digital artefact that adds feedback to key elements with regards to safe 

technique of deadlifts as a strength exercise, alter the users’ perception of the exercise and as 

such the learning process, seen through Dreyfus’ model of skill acquisition novice to 

master”. This is the research question that guided the main part of the study. The study 

started with an exploratory design process to identify what exercise to target and how to 

influence it, which ended in the final research question and a final design to test the research 
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question. The artefact was designed and worked upon to create a research product, as 

reflected upon in chapter 7 (7.5.1). Having an artefact of this standard allowed for in field 

testing over extended periods of time without the supervision of the researcher. This allowed 

the participants to form their own opinions and perceptions based on their individual use of 

the prototype, as a means to learn and safely perform deadlifts. The testing phase was 

performed in and over approximately the same time period for all participants, as enough 

prototypes were made for each participant to have their own throughout the whole process. 

The data gathered through this test period was through the logs each participant kept and a 

final interview done with each individual participant after the test period. The data gathered 

was analysed and put into context with the relevant phenomenological aspects of maximum 

grip, tacit knowledge and skill acquisition to look at how the participants use and time with 

the prototype reflected the core aspects of these theories (Chapter 7. 7.2-7.4). 

 

The prototypes purpose of altering the perception of the exercise seems to have been 

achieved through the increased awareness the prototype gave the participants of their lumbar 

posture. This increase in awareness altered the way in which experienced participants viewed 

and performed the exercise, as well as being the main guidance for the ones that were new to 

it. It also served as a motivation and sense of progression and accomplishment. As seen 

through the timeline of use, participants went through mostly the same experience regardless 

of initial skill level, but those with previous experience quickly ended up at the later 

interaction and role types. This might be because the introduction and use of the prototype 

can be seen as a “new” skill process to master. Since this would be closely related to the 

normal deadlift performance the applicability of experience with deadlift would be a short 

transition once they got a grip on the prototype as a component. Therefore, if seen as a new 

skill, I argue that the whole model of skill acquisition is applicable to the participants, as long 

as one takes related experience into consideration and accepts that this will shorten the initial 

time spent in each segment, until the participant is closer to the skill level they had going into 

the testing. I would say, without confirming that this causes faster or better learning as seen 

by the Dreyfus model, that the prototype alters the way in which you learn and that it is an 

alternative which offers more safety in the lower back than unassisted learning of the 

exercise.  

 

My approach to research through design is heavily influenced by constructive design 

research. During my exploration towards what would become my research question, all 
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meetings with experts were accompanied by a working prototype. I used this as a tool of 

communication and displaying my own understanding through the prototypes. Even though 

some prototypes broke down during these meetings their construction was still a way for me 

to gain knowledge. Using them to show and tell what my ideas were and how I understood 

the aspects that went into them, was my way of initiating communication with the experts. 

This explorative process of constructing prototypes using the principles described in anatomy 

of prototypes (Chapter 4. 4.1.4), helped in making prototypes that accurately communicated 

my understanding of the given biomechanical aspects it should influence, as well as giving 

the experts a reference point of my understanding and something they could build upon or 

derive from. The focus on embedding the core idea of the problem I was exploring and my 

understanding of biomechanics was key in how I constructed prototypes to gather new 

knowledge, and was the main driving force towards what became my research question. My 

final design was based on the research question and was the outcome of this exploratory 

research. This was the prototype that would be used in the main part of the study and my 

approach towards learning would benefit from a real world setting over time. I made a goal to 

rework and strengthen the prototype and design, to make it a research product based on the 

criteria described closer in chapter 4 (4.1.5).  

 

My initial design process was done through exploring the design space and seeking critique 

and knowledge from experts. Letting the experts form opinions on the prototypes and ideas 

grounded in their own experience, was a way for me to test how well I could embed my 

design ideas into the prototypes and was something I borrowed from the showroom approach, 

as discussed closer in chapter 4. This served its purpose as an indication on whether or not I 

got my point across through the design. When the research question had been established and 

work on the final design began, I sought the help of an expert to create a safe and well-

adjusted artefact. This part of the design process became more of a laboratory setting in that it 

was focused on testing and developing only the core aspects of measuring angels of the 

lumbar region. The work done here was important for me to allow for safe unsupervised 

testing of the artefact in the field.  

 

The strength of the study is in its contextualised setting explored with a research product as a 

means to gather data. The study offers an approach based on actual use, that sets it apart from 

the other literature. I elaborate on the users experience and provide valuable insight in how 

the technology is perceived through use. The study also offers a model that shows the process 
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from start to finish that accounts for the user’s attitude towards the research product and how 

this effects their experience. It offers alternative views of influencing users by temporary 

removal of artefact and how this affected the users and what the benefits are. I put actual use 

of sensory artefacts into the perspective of phenomenological learning principles and argue 

for similarities based in the findings, as an alternative approach to learning a strength 

exercise. When put in combination with a biomechanical understanding of said exercise, it 

can also provide a safer experience for the users.  

 

8.3 Contribution 

My contribution is based on the findings and how they are put into context through the 

timeline of use. The findings combined with the timeline of use give an indication towards 

how strength exercises can be approached through the introduction of a sensory artefact. The 

artefact can play a part in how one preserves the exercise, while helping maintain a safer 

technique for the user. The timeline of use and categories of findings show how this process is 

done and as part of my contribution, I wish to explicitly put forward two aspects of this 

process. The first is trust, as elaborated upon in the discussion and shown through the 

timeline of use. Trust was an absolute necessity for the participants to allow the artefact to 

influence their way of doing. This has not been a theme through the other works and I present 

it here as part of my findings. Depending on the activity and the participants, it is important 

to consider trust if one hopes to achieve interaction that forms new meanings. When 

performed in the context of the real world trust is not a given. There is no researcher in a lab 

coat nodding and telling you “you are doing fine”, it is yourself and the artefact. For one to 

allow influence of this entity, especially if any sense of risk is present, one needs to have an 

artefact that can achieve a level of trust through use. To achieve this, the artefact needs to be 

of a quality and standard that, through use, will give the user an innate and embodied 

connection between the self and the artefact. This, as I see it, ties directly into the research 

question in that trust has been a requirement for users to allow the artefact to change their 

perception of the exercise, thereby tying it to the part of the research question of “altering 

perception and learning”. 

 

The other aspect I will put forwards as my contribution is that removing the artefact as a part 

of the study has shown that it can be a powerful tool for inner reflection. By removing the 

now trusted feedback mechanism, the user is left with only themselves and, as shown in the 
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findings, both new and experienced participants found themselves trying to replicate their 

posture from when they were using it. This deepens the introspective process of connecting 

body and mind. This might seem counterproductive when testing the effect the artefact has on 

the participants, but I argue that this is a lesser explored and utilised tool for testing the effect 

it has. By looking at how participates find the lack of feedback to the exercise and what they 

miss, this aspect is important to consider when testing an artefact. This also inhabits the main 

essence of the research question, not as trust is a requirement for “altering perception and 

learning”, but as a powerful tool in actually influencing and creating this alteration of 

perception. Removing the artefact can be grounds for reflection and thought that can 

contribute to the learning practice. 

 

The two aspects of trust and effect of testing without the artefact is meant to contribute to the 

understanding of design that goes into designing both for in-depth contextualised settings, as 

well as considerations to account for when designing for learning through artefacts. I 

emphasise the importance of the two as guiding principles that can help form a design 

process and testing. I will lastly argue that they are of special importance when designing for 

embodied interaction, as they account for enabling interaction each in their own way. 
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 Conclusion 
 

 

“How will a digital artefact that adds feedback to key elements with regards to safe 

technique of deadlifts as a strength exercise alter the users’ perception of the exercise and as 

such the learning process seen through Dreyfus’ model of skill acquisition novice to master”.  

This research question has guided the main part of this study. However, the study started out 

in an idea of using digital sensory artefacts to alter a strength exercise. Through exploring 

this idea as a part of the initial design process, the final research question took form. The 

background for the research question is based on phenomenology as a way of thinking of 

learning as an experience based activity explored through embodied interaction as a way of 

altering the mind and body in the physical world. This process was employed to alter the 

learning experience while considering safety through preventing unnecessary risks of injury. 

It acted as a cornerstone of the study and helped form my research question. 

 

The methodology is grounded in research through design and extended through constructive 

design research, to form a hands on approach that uses the creation of prototypes as a tool for 

knowledge generation and exploration. Borrowing from the approach of showroom and 

constructing parts of the design in a lab setting, ended in a research product which was 

reproduced to a total of five finished research products to be simultaneously tested in the 

field. The study allowed the phenomenological aspect that values the first-person point of 

view, to take place in a contextualised setting. This ended in data that formed the findings 

established through a systematic text condensation analysis. 

 

 The findings are presented and viewed in context of the test period as a timeline that gives 

insight into the participants interaction and first-person point of view. The findings are also 

considered in view of the skill model of Dreyfus and show how maximum grip and tacit 

knowledge takes part in the artefact-participant relationship. These findings are discussed and 

I show how the first-person point of view that is offered by my methodology through testing, 

can be of use in researching the applicability of sensory technology in strength exercises. 

Further discussion leads to highlighting trust and how this factor proved to be of fundamental 

importance to the research in the test period. Removing the artefact proved to be of 

significant influence in the test period. This is elaborated upon in the discussion with regards 

to how this can form new cognitive reflection and thought that alters learning. These two 
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findings are my main contributions to this field of research. This study shows that trust 

should be held in high regards when designing an artefact to achieve influence through 

interaction, especially if the interaction involves some feeling of risk. Throughout the testing 

period, the study actively used the absence of feedback by removing the introduced artefact. 

This contributed to forming new inter reflective thoughts within the participants. This study 

indicates that the process of introducing and removing the feedback from the artefact is 

beneficial, especially if the interaction is based on the user “following” instructions from the 

artefact.  

 

The applicability of the contributed guiding principles is probably context dependent and 

might not be as prominent or relevant in all other studies. My closing remarks is that 

accounting for trust will do little harm. Trying to influence reflection by removing the 

artefact will not necessarily damage the process beyond one failed testing. However, if trust 

proves necessary, it is essential for the artefacts’ influence. The removal of the artefact could 

lead to unexplored and new interactions that are hard to theorise before they occur on their 

own. 
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Appendix I: Technical concepts 

 

Microcontrollers and computers 

 

Micro Bit 

A micro:bit is a small programmable computer called a microcontroller with attachment 

points for electrical components. It can be programmed in a web browser using block 

programming, Javacript, Python or Scratch. http://microbit.org/  

 

Arduino UNO 

Arduino UNO is a microcontroller like the Micro:Bit but has its own editor. And is 

manufactured by Arduino. https://store.arduino.cc/arduino-uno-rev3  

 

Adafruit feather datalogger M0 

Feather M0 is a microcontroller like the micro:bit and Adruino UNO, it can be programmed 

in the same editor as the Arduino but its formed differently and contains other components 

and connection points. https://www.adafruit.com/product/2796 

 

Raspberry PI 3 

Raspberry PI 3 is a small computer, it’s small but has a lot more to offer then the 

microcontrollers that are mentioned here. https://www.raspberrypi.org/products/raspberry-pi-

3-model-b/  

 

Components 

 

LED lights & matrix 

LED – light emitting diode, they have a long lifespan and they are very electrical efficient 

often needing low voltage. A LED matrix are rows of LED lights put together to form a 

surface. 

 

3D accelerometer 

Accelerometers messure acceleration. Acceleration is the change of the velocity of an object. 

It messures the acceleration on 3 axis x,y,z. 

https://learn.sparkfun.com/tutorials/accelerometer-basics  

 

Rotary potentiometer 

A potentiometer is a variable resistor, rotary refers to how you change the resistance. When 

using this togetter with a microcontroller you can get a constant reading of the resistance 

produced by the potentiometer and make your program respond to changes in this value. 

https://www.sparkfun.com/products/9939  

 

SD card 

SD cards are a common term for memory cards that can store data, how much depends on the 

cards memory and size. 

 

Flex sensor 

Like the potentiometer it’s a variable resistor, but this is a long piece of plastic and metal that 

is flexible, the amount of bending applied to the sensor determines the value it produces. 

https://learn.sparkfun.com/tutorials/flex-sensor-hookup-guide  

http://microbit.org/
https://store.arduino.cc/arduino-uno-rev3
https://www.adafruit.com/product/2796
https://www.raspberrypi.org/products/raspberry-pi-3-model-b/
https://www.raspberrypi.org/products/raspberry-pi-3-model-b/
https://learn.sparkfun.com/tutorials/accelerometer-basics
https://www.sparkfun.com/products/9939
https://learn.sparkfun.com/tutorials/flex-sensor-hookup-guide
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Flat spiral spring 

A flat spiral spring is a small coil of springy metal or other material that produces tension 

when forced out of its neutral position.  

 

Piezo buzzer 

Piezo buzzers comes in many sizes but they do the same thing they make simple noises like 

beeps and similar sounds. https://www.adafruit.com/product/160  

 

Programming languages and terms 

 

Drag and drop programming 

A form of programming that instead of using lines of text to code has pre built blocks that 

contains code that can be set in sequence to form a program. Its visual and easy to use as you 

don’t need to know the coding that is embedded in the blocks. http://microbit.org/code/  

 

Javascript 

Javascript is a programming language. https://www.javascript.com/  

 

Java 

Java is a programming language. 

 

Bugs 

In the text this refers to software bugs, these are errors that can occour for anumber of 

reasons in most programming, ranging from typos to logical problems with the execution of 

the program. 

 

Librarys 

In the text this refers to software library. This is pre written code that forms functional pieces 

to the programs. 

 

 

  

https://www.adafruit.com/product/160
http://microbit.org/code/
https://www.javascript.com/
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Appendix II: Questionnaire/log for the test period 

 

 

Spørreskjema 
                                   ID-nøkkel (fylles ut av forsker) 

Sted, dato og gang ______________//____/____/_____//____ 

 

Økt med eller uten prototypen ________________ 

 

 

Mellom sett  

• Hva fokuserte du på under settet? 

 

• Hvordan føltes settet?  

 

Besvares kun i økt med prototype: 
 

•  Hvordan var mengden med utslag(lyd)? 

 

• Hva gjorde det? 

 

• Hva tenkte du på? 

 

 

Etter økt 

• Tanker rundt dagens økt? 

 

• Helhetsinntrykk av dagens økt? 

 

 

• Hvordan var det i forhold til forrige gang? 

 

• Tanker til neste gang? 

 

• Ting du vil ta opp? 

 

• Annet? 
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Appendix III: Consent form 

Samtykkeskjema 
 

Datainnsamling til studie utført av masterstudent: Bjørn Anders Hoffstad Reutz. 

Instituttet for informatikk UIO, Master i Informatikk: Design, Bruk, Interaksjon. 

 

Prosjektet omhandler styrketrening og bruk av sensorteknologi med fokus på øvelsen 

markløft. Det ønskes at deltakere skal utføre markløft opp til 2 ganger i uken over 2-3 uker 

(etter teknisk opplæring for å forhindre feilbelastning og skader). Deltakere skal svare på 

spørreskjema og delta på et intervju i etterkant. Antall kilo som blir løftet vil ikke være viktig 

for studiet og deltakerne bør ikke løfte mer enn de klarer med tanke på skader.  

 

All deltakelse er frivillig og det er mulig å trekke seg når som helst under studiet om ønskes. 

Det vil ikke bli lagret noe personsensitiv informasjon gjennom studiet. Du har i tillegg, som 

deltaker, full kontroll over data som er innsamlet om deg. Du kan trekke tilbake informasjon 

eller få data slettet om ønskelig. Innsamlet data vil ikke være tilgjengelig for andre enn 

undertegnede og veileder (Rebekka Soma) og vil ikke være tilgjengelig for andre etter 

studiet. Innsamlet data vil kunne bli brukt som del av en vitenskapelig rapport som vil være 

allment tilgjengelig.  

 

Under intervju vil det bli brukt lydopptaker hvis godkjent av deltaker. Lydopptakene vil kun 

bli brukt av undertegnede, kun være lagret til studiets slutt og være anonyme på lik linje med 

annen innsamlet data. 

 

Data lagres til studiets slutt, og slettes deretter.  
 

Egne krav eller innsigelser fra deltaker: 

 

 

 

 

 

 

 

 

 

 

 

Kontaktinfo: Bjørn Anders H Reutz, tlf 46629015, mail bah@reutz.no 

Kontaktinfo: Rebekka Soma: mail rebsaurus@ifi.uio.no 

 

Signatur forsker         

 

 

Dato og sted:                

 

 

Signatur deltaker               

Lydopptak 

Nei Ja 


