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ABSTRACT 

This study examines the instructing of standardized physical fitness assessment 

in a mobile environment. The main focus of this research was to determine if the 

fitness tests can be performed with correct techniques with the aid of a mobile 

application. Different types of visual aids, instructions and mobile devices were 

evaluated and compared in relation to usability and prevalence of errors. A 

prototype of a mobile fitness assessment application, My Energy Test, was used 

in a 2 x 2 x 3 between-subjects user study with a total of 72 participants. Data was 

gathered using a postquestionnaire and recording user tests. The questionnaire 

measured the perceived usability, and video recordings were analyzed for 

deviations, i.e. errors, from the correct test techniques. Main findings show that 

the device used did not have an effect on the perceived usability, but influenced 

the quantity of errors made. Moreover, it was found that audio and text 

instructions were perceived with equal usability with each other. The visual aid 

used had a statistically significant effect on the perceived usability score with 

video and picture series being rated more favorably compared to animation. The 

best combination of least amount of errors and perceived usability was observed 

when either video or picture series visual aid was combined with text instructions.  

It was concluded that standardized physical fitness tests can be carried out with 

sufficient correctness without the help of a professional instructor. 
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Kajaste I. (2016) Ohjeistusmetodien vertaileva arviointi mobiileissa 

kuntotestaussovelluksissa. Oulun yliopisto, tietotekniikan tutkinto-ohjelma. 

Diplomityö, 65 s. 

TIIVISTELMÄ 

Tämä tutkimus tarkastelee standardoitujen kuntotestien ohjeistusta 

mobiiliympäristössä. Tutkimuksen pääpaino oli selvittää voiko kuntotestit 

suorittaa oikeilla tekniikoilla mobiilisovelluksen avulla. Eri visuaalisia 

apukeinoja, ohjeistuksia ja mobiililaitteita arvioitiin ja vertailtiin käytettävyyden 

ja virheiden esiintymisen suhteen. My Energy Test -kuntotestisovelluksen 

prototyyppiä käytettiin 2 x 2 x 3 kohteiden välisessä käyttäjätutkimuksessa, jossa 

oli kokonaisuudessaan 72 osallistujaa. Tietoa kerättiin kyselyllä 

käyttäjätestauksen jälkeen sekä videokuvaamalla käyttäjätestejä. Kysely mittasi 

koettua käytettävyyttä, videotallenteet analysoitiin poikkeamien, eli virheiden, 

testien oikeista suoritustekniikoista varalta. Tutkimuksen päälöydökset 

osoittavat, että käytetyllä mobiililaitteella ei todettu olevan vaikutusta koettuun 

käytettävyyteen, mutta se vaikutti tehtyjen virheiden lukumäärään. Lisäksi 

todettiin, että ääni- ja tekstiohjeistuksen koetussa käytettävyydessä ei ollut eroa. 

Visuaalisella apukeinolla oli tilastollisesti merkittävä vaikutus koetun 

käytettävyyden tulokseen; video ja kuvasarja arvioitiin animaatiota paremmiksi. 

Vähimpien virheiden ja käytettävyyden paras yhdistelmä havaittiin, kun video 

tai kuvasarja yhdistettiin tekstiohjeistukseen.  

Tutkimuksen tulosten perusteella pääteltiin, että standardoituja kuntotestejä 

on mahdollista suorittaa riittävällä moitteettomuudella ilman 

ammattilaisohjaajaa. 

 

Avainsanat: kuntotestaus, mobiilisovellukset, käytettävyys 
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1. INTRODUCTION 
 

According to the World Health Organization (WHO), physical inactivity is one of the 

10 leading risk factors for death worldwide. Moreover, one fourth of the world’s adult 

population and a dramatic 80 percent of adolescent population is not active enough. 

WHO’s member states have agreed to reduce insufficient physical activity by 10 

percent by 2025. [1] Clearly, with the current trend, the world’s population will become 

less and less physically active, making diseases linked to poor lifestyle choices, such 

as cardiovascular diseases and type 2 diabetes, ever more common [2]. Today, 

smartphones and other portable personal smart devices have become ubiquitous, and 

offer an increasing selection of applications for health and fitness related tasks. Most 

mobile health and fitness applications concentrate on tracking activity and affecting 

behavior change. The question remains – how will the user know if actual progress 

with their physical fitness has been made with the changes they have applied to their 

lifestyle? Learning the current level of one’s fitness may work as a great motivator for 

change by itself. 

 

The aim of this thesis work was to find the most suitable design solution for a product 

variant of Laturi Corporation’s Energy Test fitness test [3] for consumer markets. This 

product variant would take the Energy Test usually done in a group setting with a 

professional guiding and instructing the execution of the test, and bring it to mobile 

environment so that an individual could perform the test without a personal trainer. It 

was important to maintain the integrity of the product by ensuring that consumers 

without previous training could complete the Energy Test by themselves so that the 

results they receive are comparable with those given in a group setting. This entails 

performing the required physical fitness assessment tests in the correct manner. 

Moreover, as a commercial product it was necessary that the consumers find the 

instructions for carrying out the fitness assessment as easy to understand and follow as 

possible.  This thesis will cover the user study carried out to determine if there exists a 

difference in the perceived usability of different types of instructions. I designed the 

user interface and functionality of all the stages of the new product. My work did not 

include programming of the prototype or the final product. 

1.1. The Energy Test 

Laturi Corporation’s Energy Test is a health and fitness assessment test, which consists 

of multiple sub tests: it includes aerobic fitness, blood pressure, waist circumference, 

balance, core muscle strength, lower body muscle strength, upper body muscle 

strength and flexibility. Also self-reported stress and alertness levels are used in 

composing the overall score, the Energy Index [4]. The Energy Test offers a 

comprehensive overview to a person’s physical fitness state, and makes comparing 

results to a past test easy. Laturi Corporation holds a patent for the formula of 

calculating the Energy Index [5]. The patented algorithm was developed in 2013 as a 

thesis of Oulu University of Applied Science student [6]. The Energy Index is based 

on well researched national and international fitness assessment protocols and 

reference values [7, 8, 9, 10, 11, 12, 13]. The Energy Test is mainly targeted towards 

corporate customers as a corporate wellness tool. It is a fast way to conduct fitness 

assessment for a large number of people, since one instructor can carry out the test for 
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ten people in an hour (Figure 1). It has built-in organizational reporting which can be 

used as a tool by the Human Resources to track the employees’ physical well-being 

and direct resources to relevant activities to improve the employees’ fitness. 

 

 

Figure 1. Laturi Energy Test being conducted by a personal trainer. 

Since logistics with the equipment and difficulties with organizing the Energy Tests 

with corporate customers were seen as the greatest hindrances to Laturi’s business 

growth and scalability of the service, a new product to combat these issues was 

required. With the development of the consumer product variant of the Energy Test, 

Laturi could effectively start selling straight to businesses without the need to 

necessarily include a personal trainer or an external wellness company into the process. 

Furthermore, the new product would facilitate testing companies with employees 

working out of office. For instance, many companies with travelling sales personnel 

could not easily gather everyone for one day of testing, so using the personal Energy 

Test would allow the employees to test themselves at a convenient time. 

1.2. Aims of research 

The aim was to ultimately create the design for a commercial product, My Energy Test. 

This thesis work however concentrates on finding a working solution for instructing 

the functional parts of the Energy Test – sit-ups, squats, push-ups and sit-and-reach. 

The most suitable solution was to be found from among three different types of visual 

aid and two different types of instruction. The options were originally found from focus 

group discussion, for further information see section 4.1. Also a possible difference 

between a smartphone and a tablet as a device was studied. Suitable solution in the 

context of this work would have good usability and it would instruct the user in a 

manner that guides them to perform the tests in the correct way. User meeting the 

standards of each fitness test was a crucial part of the user studies, since if the standards 

were not met, the integrity of the Energy Test would suffer. The results obtained with 

the new product were to be comparable with the results from the test performed in a 

group setting. The goals of this research were to gather data about the usability of 

different instruction methods to determine the best option, and document user behavior 

throughout the test situation to determine if the envisioned product would be viable. 

1.2.1. Research questions 

The user study presented in this thesis was designed to answer the research questions 

presented in Table 1.  
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Table 1. Research questions 

Number Question 

RQ1 When performing a physical fitness test using My Energy Test, which 

type of visualization (still picture series, video, animation) yields the best 

user experience in terms of usability? 

RQ2 When performing a physical fitness test using My Energy Test, which 

type of instruction (text, audio) yields the best user experience in terms 

of usability? 

RQ3 Does the mobile device (smartphone, internet tablet) matter to usability 

when using My Energy Test? 

RQ4 What method of instructions helps the users best to follow the standards 

in performing each of the physical fitness tests in My Energy Test? 

 

1.3. Structure of thesis 

I will begin by presenting literature related to the research topic. There are different 

ways to regard this user study - from the point of view of physical exercise, virtual 

trainers and mobile learning, so the related literature will follow this scheme. 

After that I will present the prototype that was used for the user study, first briefly 

describing the existing Energy Test model and then introducing the prototype. Then I 

will describe the study design, phase by phase. In the fifth part I will show the results 

obtained with this study, both from the quantitative and qualitative data. Following the 

results, I will reflect the results to related work in the discussion section. I will also 

discuss the design choices of the commercial product.  
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2. RELATED WORK 
 

The related work is divided into three sections: Health and exercise software, Virtual 

trainers, and Mobile learning. The subject of this study is quite novel and so far, quite 

unique since fitness testing in mobile environment has not been a published study 

subject, as far as the source material could tell. Unlike much of mobile health and 

fitness research this study does not focus on continuous behavior change and 

improving a person’s fitness or health, although the product itself does aim to influence 

the user’s future behavior. This study’s focal point is much closer to mobile learning 

field, but then again research in the mobile learning field has not yet reached, it seems, 

health and fitness scenarios. Therefore, the related work is a collection of studies 

touching on some aspect of this study, but few show results directly related to it. 

However, useful examples on the study design were found. 

2.1. Health and exercise software 

Since the opening of Apple’s App Store in 2008 [14], the development of mobile 

applications has taken off in a grand way, with over 1.6 million applications available 

in Google Play and over 1.5 million applications in App Store in July 2016 [15]. 

Applications are being developed for many purposes, their categories ranging from 

games and entertainment to news and finances. Out of all the applications available in 

App Store around three percent are in the health and fitness category [16].  According 

to a 2012 study by Fox and Duggan, one-fifth of smartphone owners in the United 

States had a health app in their phone in 2012. According to the same study, about 38 

% of health application users use an application to track exercise. [17] This gives a 

rough estimate of the market to which Laturi’s My Energy Test is aimed at. 

Research of health and fitness software largely revolves around motivation and 

behavior change as shown by examples from Wantland et al. [18], West et al. [19], 

Azar et al. [20], Dennison et al. [21] and Conroy et al. [22]. For example, gamification 

of physical exercise, also known as exergaming, has been on the rise since 2006, 

especially as a means to intervene with the high level of obesity in the Western world 

[23]. As recently as this summer 2016, a mobile exergame, software company 

Niantic’s Pokémon Go, which motivates its players to walk and move around outside 

with the aid of augmented reality, gained success like never seen before for an 

application like it. According to Techcrunch, the application surpassed a milestone of 

100 million downloads in the last weekend of July [24]. The unprecedented 

commercial success of Pokémon Go leads to believe that motivating and engaging 

exergames may indeed have an impact in increasing the overall physical activity of the 

population.  

A study by Finkelstein et al. introduced an exergame called Astrojumper, an 

immersive virtual reality game designed to motivate players to engage in rigorous 

exercise. A user study was conducted with 30 test participants. The participants were 

tested separately. Each participant answered to a prequestionnaire for background 

information, both demographic and concerning their physical activity and gaming 

habits, and the participants’ heart rate was measured. After the survey, the participants 

engaged in a 15-minute session with the Astrojumper game. Following the game 

session, heart rate was measured again and the participants answered to a 

postquestionnaire. The participants were asked to rate the intensity of their exercise 
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session on a 7-point Likert scale. Then, to determine their level of motivation, they 

were presented with eight statements, again to be answered on a 7-point Likert scale. 

The researchers also implemented a 5-point scale with eight components concerning 

the game flow and the participants were asked to evaluate each component in regards 

of Astrojumper, and exercise games in general. Results from the study showed that 24 

out of 30 participants had a sufficiently high heart rate after playing Astrojumper to 

receive the benefits of physical exercise. Moreover, the survey results indicated that 

the game successfully motivated participants to exercise. Additionally, participants felt 

that Astrojumper almost completely fulfilled their expectations for an ideal exercise 

game. The user study subject to this thesis followed a similar pattern of 

prequestionnaire, actual exercising and postquestionnaire. [25] 

Motivation can be built also by making the activity more relevant to the user. In a 

study of pervasive context-aware mobile assistance system by Emrich et al., the 

researchers aimed to create a better mobile assistance system for health and fitness 

scenarios that takes into account more than sensory data, bringing location-based and 

context-aware information to the application to create recommendations of routes to 

the user. They derived nine requirements for such a system. Based on these 

requirements they designed and implemented a prototype for the application. This 

model can be used both in health, for example in rehabilitation, and fitness scenarios. 

[26] 

Physical activity tracking devices have inspired a myriad of studies. Rabin and Bock 

studied the desired features of smartphone applications promoting physical activity 

[27]. 15 participants used three different physical activity apps consecutively, each one 

for one week. Participants provided qualitative and quantitative feedback at the end of 

each testing week, rating the applications on Likert scale for ease of use, helpfulness 

and overall satisfaction, and identifying positive and negative aspects of the 

applications during interviews. The desired features and their frequencies were 

identified from the gathered data. The most desired feature was automatic and accurate 

tracking of steps and calories burned with 14 out of 15 participants implying desire. In 

another study, 64 different mobile applications to promote physical activity were 

reviewed by Middelweerd et al. [28]. The applications were studied to determine their 

potential effectiveness by identifying the health behavior changing techniques they 

used. Results showed that all 64 applications studied provided feedback on 

performance to the user, and 62 prompted the user to self-monitor their behavior. 40 

applications prompted specific goal setting. The studied applications lacked entirely 

or almost entirely in techniques regarding the possible pitfalls of trying to change 

health behavior, such as relapse prevention, stress management and prompting barrier 

identification. The study concluded that apps promoting physical activity could be 

improved by applying more health behavior changing techniques, although stating that 

not much information about actual impact of these apps in health behavior is available. 

Another study by Glynn et al. studied the effectiveness of a specific smartphone 

application, a pedometer with feedback, to promote physical activity in primary care. 

The study was a randomized controlled trial that lasted eight weeks, where the first 

week established the baseline and subsequent weeks served as follow-up. The primary 

outcome of the study was difference in mean daily steps between baseline and follow-

up weeks. Moreover, seven secondary outcomes were measured, including BMI, blood 

pressure, heart rate, mental health and quality of life. 90 people in total participated in 

the study. The study found that the use of the pedometer increased the mean step count 

over the 8-week period by 1000 steps per day. [29] 
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2.2. Virtual trainers 

Virtual trainers are a subcategory of health and fitness software, emulating the 

experience of exercising with the guidance of a real personal trainer. The virtual trainer 

may take the form of an embodied agent, or merely be a physical activity application 

offering frequent and timely feedback. Examples of different virtual agents are 

presented in this chapter.  

Ijsselsteijn et al. presented a user study about enhancing fitness experience at home 

with the use of a virtual coach in a two-by-two within-subjects experiment. The study 

compared two levels of immersion (high versus low) and two levels of virtual coach 

(with or without) to determine whether immersion and the presence of the virtual coach 

heightens the user’s motivation to exercise. The study was conducted in a test 

laboratory imitating a normal house with a stationary bike. The virtual agent was 

provided by Philips and gave feedback based on heart rate. 24 participants took part in 

the study. The participants completed four 15-minute exercise sessions, filling out two 

surveys, IMI (Intrinsic Motivation Inventory) and ITC Sense of Presence Inventory, 

between each session. This study found that higher immersion had a significant 

positive effect on motivation and presence. The virtual coach however did not affect 

these aspects, but it did lower perceived pressure and tension. Conversely, it also 

lowered the feeling of control. [30] This last finding could be important to the user 

study subject to this thesis, since fitness assessment can create a lot of pressure to the 

participant.  

In a study by Klaassen et al. an ECA, embodied conversational agent, was compared 

to text feedback within two different mobile physical activity coaching systems, the 

Smarcos digital activity coach, developed by the research team, and the RRD 

(Roessingh Research and Development) mobile activity coach, in multiple user 

evaluations. The ECA gave spoken feedback to the users. The results of the studies 

were not conclusive. The test participants in all presented experiments had mixed 

feelings about the ECA and text feedback. In one of the user evaluations with 14 

participants, four found the ECA fun and enjoyable, while others commented that it 

does not add anything significant to the system. Only three out of the 14 participants 

preferred the ECA over the text feedback. [31] 

Mulas et al. present a solution for beginner runners in the form of virtual personal 

trainer Everywhere Run, which combines the benefits of a mobile virtual trainer with 

real life professional help. It offers feedback and guidance during the training, but also 

prompts the user to engage in an online runner community and to seek guidance from 

a personal trainer for appropriate exercise program. The application was tested by 10 

study participants for three weeks. After the test period, the participants rated the 

application, showing that the participants preferred vocal advice over visual advice, 

and that they felt their motivation was enhanced with this application. [32] 

Buttussi et al. proposed a mobile guide MOPET (Mobile Personal Trainer), which 

includes an embodied virtual trainer called Evita. MOPET supports the user in outdoor 

fitness trails. In the experiment, Evita is compared with image instructions and maps 

on a set outdoor trail. The trail had six different fitness stations, where the instructions 

were given on a metal plate, with one image and some symbols. The user study was a 

within-subjects design with 12 participants, each completing the trail twice: once 

without the virtual trainer and once with. The study evaluated navigation, motivation 

and training support. Navigation support was evaluated using both GPS data and a 

questionnaire with a 5-point Likert scale to collect data about subjective impressions 
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and preferences. Motivation support was evaluated using a questionnaire. Training 

support was evaluated by recording the test participants with a video camera from a 

distance and analyzing that data by determining a score for success, and with a 

questionnaire with a 5-point Likert scale. The data gathered yielded results proving 

that MOPET helped the users to significantly better stay on the trail. MOPET did not 

offer significantly higher motivation for training, while it did raise the mean score 

significantly for exercise success compared to the metal plate instructions. [33] This 

study was especially important for our study, since it focused on comparing different 

instruction methods while taking into account not only motivation but also success in 

performing the exercises, although in the study subject to this thesis the success was 

not quantified in the same manner. 

Yoganthan and Kajanan studied the effect of feedback presentation formats with 

personal fitness trainer application, specifically the social presence of the feedback. 

Building on previous research, they formulated six hypotheses concerning user 

engagement and cognitive load: higher social presence in feedback will result in higher 

user engagement, higher user engagement leads to better physical activity behavior, 

higher social presence in the feedback decreases the cognitive load, cognitive overload 

will lead to poor physical activity behavior, relationship with social presence in 

feedback and user engagement is stronger in aerobic exercise than anaerobic exercise, 

and relationship with social presence in feedback and cognitive load is stronger in 

aerobic exercise than anaerobic exercise. They proposed a study design to validate 

their model, but the actual study was left for future work. [34] 

Ruttkay and Van Welbergen aimed to develop a reactive virtual trainer (RVT) to 

replace a human personal trainer. They envisioned an intelligent virtual trainer capable 

of, for example, understanding the exercises, introducing and explaining the exercises 

to the user, using different tempo as needed, correcting errors, monitoring the user’s 

physical and mental state and providing feedback. First, they collected motion capture 

and video recordings of the chosen exercises, performed by healthy people and 

professional fitness trainers. They also recorded wrong performances of the exercises. 

They also recorded training situations, where the trainer directs and corrects a trainee 

in performing the exercises. The virtual trainer they developed was tested with ten 

users, who participated in a 3-5-minute session with the virtual trainer. They reported 

most of the users getting engaged with the virtual trainer. [35] 

2.3. Mobile learning 

Mobile learning is most typically viewed as learning using a mobile device, but can be 

approached from the perspective of mobility of the learner as well [36]. Mobile 

learning has largely focused on research in school environment and other formal 

learning settings, for example field trips and tourist visits [37], or language learning 

[38]. Since the user study discussed in this thesis involved instructing new fitness tests 

to the participants in mobile environment, and the participants’ adaptation of the 

instructions was evaluated, some background on mobile learning feels appropriate. 

Moreover, fitness assessment by itself is a part of learning new lifestyle habits, since 

it can be used as an objective measure of progress. 

A study of Mobile Language Learning by Kim et al. sought to find out students’ 

perceptions on mobile learning. They also evaluated the students’ TACI (Technology 

adopter category index) classifications at the beginning and at the end of the study. 53 

students completed five class projects revolving around mobile learning using the 



 

 

14 

students’ own mobile devices, using technologies such as YouTube. Data was gathered 

with a prequestionnaire, documentation of student reflections during the class projects 

and a postsurvey.  From the data gathered it was found that using mobile learning 

provides the students with more learning opportunities outside of class. Also, the 

students’ TACI scores lowered during the study, which means that the students’ 

became more willing to adopt new technologies. [39] 

In a study by Seppälä and Alamäki, a system was created to allow teacher trainees 

and their teachers to discuss teaching issues through mobile devices (Nokia 

Communicators) and use digital pictures and SMS-messages as a part of the 

supervising process in Uniwap environment. Uniwap was a result of previous research. 

11 trainees and 5 teachers partook in the study. Data was gathered with a group 

interview with both parties present and from the Uniwap database. From the group 

interview it was noted that the use of mobile equipment facilitated better use of time 

waiting on the move, for example waiting for a bus. The teachers felt that the mobile 

equipment gave them more flexibility in their use of time. The most meaningful 

element to the trainees was immediacy. [40] This indirectly ties in with Laturi’s My 

Energy Test product, since using mobile equipment instead of face to face sessions 

between the customer and service provider releases pressure in organizing and 

scheduling Energy Tests in companies, which has been seen and felt as a big hurdle 

on the way of scalability of the Energy Test product. 

Assessment is a key part of teaching and learning. [41] One study by Kranz et al. 

links mobile learning to physical exercise from the assessment point of view. A case 

study using a software called GymSkill and a balance board was conducted with six 

participants. Each participant performed two daily sessions with 20 balance board 

exercises for the duration of five days. The training sessions were recorded and 

assessed by an expert on 11 individual aspects, such as movement angle, tempo and 

regularity. The automated skill assessment algorithm was based on sensory data and 

the result was returned from a server to the mobile phone attached to the balance board 

after performing an exercise. During the training simple feedback about remaining 

repetitions or excessive displacement of the board was given. After the five-day study 

the participants were interviewed about the handling of the application and its potential 

to motivate for regular training. The expert assessments and the automatic assessment 

were compared and the automatic assessment was found to be accurate in comparison. 

Also, it was proved that the test users approved of such mobile assistance systems and 

found they had potential to motivate for regular exercise. [42] 
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3. PROTOTYPE 
 

3.1. Existing Energy Test 

As the Energy Test was previously used so that the personal trainer or other instructor 

conducting the testing would input all test results at the end of the testing, the web 

service did not have a user interface for participants viewing directions and inputting 

results themselves. The participants did get a booklet explaining the different parts of 

the Energy Test and why they are important. However, the Energy Test was already 

previously made into a free trial version, which was used to market to potential 

customers like personal trainers and corporate wellness companies. The customer 

could click through a wizard style flow that was used to present the different sub tests 

in the Energy Test. It was never meant to be used by other than fitness field 

professionals: it did not contain thorough instructions and only press photographs were 

used to accompany the text (see Figure 2). Nevertheless, this was used as the basis of 

the prototype’s design. Registration to the web service and background information 

were a separate part from the actual Energy Test. 

 

 

Figure 2. Screenshot: Free trial of Energy Test (not translated to English). 

3.2. Prototype used in the study 

The prototype followed the free trial’s wizard style. The aim was to create an intuitive 

interface that users could follow without having to think what to do next in the Energy 

Test. The prototype consists of the following sub tests: 

 

 aerobic fitness 

 blood pressure 

 waist circumference 

 core 

 lower body 

 upper body 

 flexibility 

 balance 
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Aerobic fitness is measured by default with Polar’s OwnIndex VO2Max test, but for 

the prototype it was decided to substitute this time consuming and device dependent 

test with Jackson’s Non-Exercise regression equation [43], which calculates an 

estimate of the aerobic fitness based on age, gender, BMI (body mass index) and 

activity level which is asked from the user earlier in the registration process. Blood 

pressure, waist circumference and balance were instructed with one photograph and 

text instructions (Figure 3).  They were not a focal point in the user study. Core, lower 

body and upper body strength as well as flexibility were the four sub tests selected for 

the user study. Each of these sub tests had three different visual instruction options - 

animation, video and still image series - and either text or audio to accompany.  

 

 

Figure 3. Instructions for blood pressure measurement. 
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4. STUDY 
 

The aim of the user study was to study the usability of different types of instructions 

for functional fitness tests. These functional fitness tests are sit-up test for core 

strength, squat test for lower body strength, push-up test for upper body strength and 

sit-and-reach test for flexibility. The Energy Test includes four other sub tests which 

do not include movement or don’t necessarily require extensive instructing. These tests 

were nevertheless included in the user tests, since Laturi wanted to gather information 

about the whole Energy Test experience, including the non-functional sub tests. Three 

types of visual instructions were combined with text and audio instructions. The visual 

instructions chosen were video, animation and image series. 

4.1. Pre-study 

In the first phase of the study, a focus group of four health and fitness professionals 

was gathered. The group consisted of two sports and exercise medicine professionals 

from ODL’s (Oulun diakonissalaitos) exercise clinic, a physiotherapist, and a physical 

education instructor. They were given a task to discuss and choose three different ways 

to instruct the four fitness assessment tests using a mobile device. This discussion was 

videoed. The discussion was lively and yielded several branching ideas that were 

subsequently distilled into a list of potential methods, which was then sent to the 

participants over email for ranking. The three highest ranking visual aids were paired 

with either written or spoken instructions to form the conditions for the user study. 

These conditions were later expanded to include the device to study differences 

between a tablet device and smartphone usage. 

After the visual aid methods and instructions were decided, they were produced 

within Laturi. The visual aids were proof-of-concept by nature and were not intended 

to be used in the final, commercial products, where professional quality visuals would 

be used. The animations especially were simple stick-figure animations in GIF format 

(Figure 4, Figure 5 and Figure 6). Nevertheless, the produced material was approved 

by the expert panel used in the focus group discussion to be sufficient to instruct the 

fitness tests correctly. Text instructions were written based on the official instructions 

for each fitness test and then read aloud for voice instructions. For complete sets of 

visual aids, see Appendix 1. 
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Figure 4. Sit-up test’s video instructions. 

 

 

Figure 5. Sit-up test’s picture instructions. 

 

 

Figure 6. Sit-up test’s animation instructions. 

 

4.1.1. Recruitment of participants 

The user study was done in two parts. Originally, the intention was to recruit the 

required 72 test participants from one company, so the testing could be carried out in 

a genuine workplace setting. The case company was Coronaria. The opportunity to 

take part in the user study and receive a free Energy Index was offered to all Coronaria 

staff situated in Oulu region by Chief of Human Resources via email, but participation 

rate was very low, as in the end only 20 people from Coronaria wanted to participate. 

The remaining 52 participants were recruited via email from the University of 

Oulu.  All interested were asked to fill out a prequestionnaire about their age, sex, 

physical activity level and possible injuries that could prevent performing some of the 
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fitness tests. The participants were divided into pairs randomly by sex due to the 

sensitive nature of the testing, and in Coronaria also by department to facilitate easier 

coordination of schedules. In the end as one pair had to be disqualified due to error in 

test setup (one pair’s participants were assigned to different conditions by accident), 

one pair was formed from a couple (male and female). 25 of the participants were male 

and 47 female. The age of the participants ranged from 21 years to 57 years, therefore 

most of the target spectrum (18 to 65 years) of Laturi’s Energy Test product was 

covered.  

4.2. Study design 

The study was designed to have twelve conditions: all combinations of animation, 

video and still image series paired with either text or audio instructions (total of six) 

used on either a smartphone or an Internet tablet (Table 2). Each condition had six 

participants, or three pairs, in them. This number of user tests was chosen to meet the 

minimum requirement for statistical analysis. The system was constructed so that the 

participants could be assigned in to groups and each of the group had one of the six 

combinations available embedded into the Energy Test wizard. Three pairs were 

assigned to each condition.  

 

Table 2. Study conditions 

Condition Visual aid Instruction type Device 

A+T+T Animation Text Tablet 

A+T+P Animation Text Phone 

A+A+T Animation Audio Tablet 

A+A+P Animation Audio Phone 

V+T+T Video Text Tablet 

V+T+P Video Text Phone 

V+A+T Video Audio Tablet 

V+A+P Video Audio Phone 

P+T+T Pictures Text Tablet 

P+T+P Pictures Text Phone 

P+A+T Pictures Audio Tablet 

P+A+P Pictures Audio Phone 

 

    The user study was carried out in a private room, all the equipment for the Energy 

Test (blood pressure monitor, gym mat, measuring tape, measuring stick) were 
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provided, as well the smartphones or tablets to be used during the test. Both 

participants from each pair had own device in use. There were one or two observers in 

the same room with the participants, setting up the user test and giving a brief intro, 

then silently observing and recording the tests. Upon finishing the user test, the users 

were given a paper questionnaire to fill in outside of the test space. A pre-assigned pair 

of participants were given either two tablets or two smart phones. The observer gave 

guidelines for the test, mainly how to begin the test and that the observer is not to be 

included in problem solving and the users should look for a solution together. The 

observer situated in the same space where the testing took place can be seen as a 

restriction of the study. 

    Data was gathered with a postquestionnaire. The questionnaire used was a subset of 

O’Brien’s and Toms’s survey of user engagement [44] (see section 4.3. for details). In 

addition to the questionnaire, data was gathered by recording the user tests with a video 

camera. All of the university student participants were observed and 50 of them 

recorded. The user tests at Coronaria were done over a period of nine days at 

Coronaria’s premises and whenever the employees could find a time slot that suited 

both participants, so it was not feasible to have an observer there for all the testing 

sessions. Eight of the participants were observed and recorded. 

4.3. Survey 

The survey used in the study was developed by O’Brien and Toms in 2010 to measure 

user engagement in e-commerce environments. It consists of six factors: Focused 

attention, Perceived usability, Aesthetics, Endurability, Novelty, and Felt involvement. 

Each of the factors included three to nine statements. These statements are to be placed 

on a five-point Likert scale with the points being strongly disagree, disagree, neutral, 

agree and strongly agree. Only one factor (perceived usability) out of the six was 

chosen for this user study, because it was the most relevant for this study and because 

each participant had to answer separately to all four fitness tests they performed. The 

Perceived usability factor contains eight statements, and this already meant a survey 

of 32 statements for each participant. In addition to the three statements concerning 

the whole test experience and statements inquiring the familiarity of each sub test to 

the participant and how they felt they succeeded in each test, the whole survey came 

to a total of 43 items. The statements about familiarity and success were added to 

provide additional information to assist in analyzing the qualitative data. Usability was 

the study’s primary concern, therefore the factor chosen for the survey seemed the 

most important. The Perceived usability factor was shown to correlate moderately with 

other factors (Aesthetics (r2 = 0.41), Endurability (r2 = 0.58), Novelty (r2 = 0.3677), 

and Felt involvement (r2 = 0.47)) in O’Brien and Toms’ study, which would facilitate 

discussion of possible reasons of experienced differences between different 

conditions. The statements in the original survey were adapted for this particular study 

by replacing “shopping experience” with “following the instructions”, as presented in 

Table 3. The survey was given in Finnish; the statements were translated by Laturi’s 

localization staff. 
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Table 3. Statements of Perceived usability factor in the original survey and as adapted 

to this study 

Statement 

number 

Statement in the original 

survey 

Statement in the survey used 

S1 I felt frustrated while visiting 

this shopping website. 

I felt frustrated while following 

these instructions. 

S2 I found this shopping website 

confusing to use. 

I found these instructions 

confusing to follow. 

S3 I felt annoyed while visiting 

this shopping website. 

I felt annoyed while using these 

instructions. 

S4 I felt discouraged while 

shopping on this website. 

I felt discouraged while following 

these instructions. 

S5 Using this shopping website 

was mentally taxing. 

Following these instructions was 

mentally taxing. 

S6 This shopping experience was 

demanding. 

Following these instructions was 

demanding. 

S7 I felt in control of my 

shopping experience. 

I felt in control of the situation 

while following these 

instructions. 

S8 I could not do some of the 

things I needed to do on this 

shopping website. 

I could not do some of the things 

I needed to do with the help of 

these instructions. 

 

This user study did not operate in an e-commerce environment and did not include 

a shopping experience, as was the case with the original work. O’Brien and Toms have 

further studied the generalizability of the survey in an exploratory search [45], in which 

it was found that the Perceived usability factor remained stable. No published articles 

of using the survey for cases involving physical exercise or similar was found, but 

Grafsgaard et al. used the User Engagement Survey in a programming tutorial setting 

[46]. 

4.4. Restrictions 

There were some restrictions to be taken into account with the user study. Firstly, each 

participant was treated as an individual, even though performing the test with a partner 

gives ample room for the Chameleon Effect [47] to account for actions repeated by the 

partner performing the test second. This further complicates the interpretation of the 

reasons of making errors in the tests, or indeed successes; what can be attributed to the 

instructions being good or bad, when a partner’s technique may affluence another’s? 
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Another restriction in the test setup is that the observer was directly present in the 

situation, which lead to attempted interactions with the observer. Preferably the 

observer would have moved behind a dividing wall to observe. Moreover, the 

postquestionnaire addressed only one aspect of user experience, which limits the scope 

of analysis. Other aspects could be addressed in future work.   
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5. RESULTS 
 

Data was gathered by administering a survey, video recording the tests and from 

Laturi’s Energy service, where all the results of the tests were saved, including group 

reports. 

5.1. Results of quantitative data 

The quantitative data was gathered from the user engagement survey. A composite 

score for each fitness test was calculated separately. The composite score is the mean 

value for the eight questions in the survey. In the survey, statement S7 is phrased 

positively ('I felt in control of the situation while following these instructions.'), 

whereas the other statements are phrased negatively (ex. S2: ‘I found these instructions 

confusing to follow’; see section 4.3 for details). For analysis, the scale was reversed 

for S7 to make it comparable with the other statements. This composite score was used 

as the basis of statistical comparison of the different conditions. For the first part of the 

analysis the tests were done across the four different fitness tests. For this case, a lower 

composite score meant better perceived usability. A table with full list of averages of 

all conditions and factors broken down can be found from Appendix 2. 

A three-way ANOVA (analysis of variance) test was applied to the data set to 

determine statistically significant differences between conditions. The results from the 

three-way ANOVA are presented in Table 4. 

Table 4. Three-way ANOVA results across fitness tests 

 df F  p value 

Visual 1 13.78 0.0002 

Instruction 1 3.81 0.0518 

Device 1 0.12 0.7319 

Visual:Instruction 1 0.12 0.7296 

Visual:Device 1 0.00 0.9489 

Instruction:Device 1 3.21 0.0745 

Visual:Instruction:Device 1 6.66 0.0104 

Residuals 279   

 

From the test’s results it can be determined that a strong statistically significant 

difference can be found between the different visual aids used (F = 13.78, p < 0.0002). 

Moreover, the instruction type had a weak statistically significant difference in the 

results by itself (F = 3.81, p < 0.0518) and a weak two-way significance with the device 

type (F = 3.21, p < 0.0745), which by itself did not show a statistically significant 

difference in results. The three-way interaction of the variables did yield statistically 

significant differences in results (F = 6.66, p < 0.0104). 
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These results were further analyzed using Tukey’s HSD (honest significant 

difference) test as a post-hoc analysis. This was necessary due to two circumstances: 

the visual aids, the most significant factor in the differing survey results, had three 

options, and it was necessary to find the significant pairs from the three variable 

combinations. The findings between different pairings of visual aids are presented in 

Table 5. 

Table 5. Tukey HSD for different visual aids. Lower composite score denotes better 

usability 

Factor Adjusted p value 

Pictures - Video 0.5866 

Animation - Video 0.0007 

Animation - Pictures 0.0000 

 

From these results it can be seen that animation (mean = 1.8268) performed worse in 

comparison with both pictures (mean = 1.7502, difference = 0.0766) and video (mean 

= 1.6594, difference = 0.1674) with a statistically significant difference. 

5.1.1. Comparison of results between different fitness tests 

Three-way ANOVA was performed to determine if the type of exercise had any 

significance in the composite scores. No statistically significant results were found. 

Results from the tests are presented below in Table 6, Table 7, Table 8 and Table 9. 

These tests were also repeated to a subset of the data including only sit-up and sit-and-

reach tests’ composite scores, but the end result was the same - exercise did not affect 

the composite score. 

Table 6. Effect of exercise, condition and their interaction effect on composite score 

 df F p value 

Exercise 1 1.198 0.2747 

Condition 1 2.906 0.0894 

Exercise:Condition 1 0.092 0.7615 

Residuals 283   

 

  



 

 

25 

 

Table 7. Effect of exercise, visual aid and their interaction effect on composite score 

 df F p value 

Exercise 1 1.244 0.2657 

Visual 1 13.386 0.0003 

Exercise:Visual 1 0.578 0.4476 

Residuals 283   

 

Table 8. Effect of exercise, instruction type and their interaction effect on composite 

score 

 df F p value 

Exercise 1 1.200 0.2742 

Instruction 1 3.645 0.0573 

Exercise:Instruction 1 0.002 0.9631 

Residuals 283   

 

Table 9. Effect of exercise, device and their interaction effect on composite score 

 df F p value 

Exercise 1 1.186 0.277 

Device 1 0.102 0.749 

Exercise:Device 1 0.004 0.951 

Residuals 283   

 

5.2. Results of the qualitative data 

The test situations were recorded to gather data about the behavior of the test 

participants. Data analysis focused on the participants’ success with the fitness tests. 

The kinds of mistakes that were made and the frequency with which the errors occurred 

was a focal point: finding out why an error occurred was important in further 

development of the product. As can be seen from the quantitative analysis of the survey 

data, statistically significant differences were found between the visual aids used and 
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when considering the whole condition. The survey data is subjective in nature, whereas 

more objective analysis can be done from the video material concerning success in 

following the instructions. Each of the fitness tests were analyzed separately, but 

common characteristics were sought as well, since the statistical analysis showed no 

effect of the fitness test in question to perceived usability. The sections 5.2.1 – 5.2.4 

detail the different errors made and examples of the situations where they occurred. 

Section 5.2.5 quantifies all the findings from the video material to a concise summary. 

All quotes from participants are translated from Finnish to English by the author. 

5.2.1. Sit-up test 

Referencing to the survey used for collecting quantitative data from the study, the sit-

up test was widely familiar to the test participants, as 70 out of 72 participants 

answered either Agree or Strongly agree to the statement ‘The technique for this 

exercise was previously familiar to me’. One participant answered Neutral and one 

participant Strongly disagree. Below (Figure 7 and Figure 8) is a side by side 

comparison of the participant strongly disagreeing (condition P+A+T) with the 

statement performing the test and her visual aid (picture series) used. It is seen from 

the video recording, that the participant who was not already familiar with the 

technique performed the test after her partner, so she may have mimicked her partner. 

Before starting the test, she validates her stance with a quick ‘Like this?’ question at 

her partner. It can be seen that she has the correct hand position, fingers crossed behind 

the head, but her knees could be bent more. She lowered her shoulders to the floor at 

each repetition correctly and sat up straight, therefore performing the full range of 

motion required to successfully perform this test. Moreover, in the survey, she had 

answered Agree to the statement ‘I feel I succeeded in following the instructions’. 

 

 

Figure 7. A participant demonstrating the correct technique for sit-up test. 
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Figure 8. Correct technique for the sit-up test as shown in picture series. 

 

A pair of women in condition V+T+T, both indicating familiarity with the test, 

watched through the video and read through the text, but did not quite follow the 

instructions. The first of the pair (participant A for clarity) performed the test while 

not having her fingers crossed behind her head but rather holding her hands on the 

sides of her head. When the other woman (participant B for clarity) laid on the gym 

mat, they began discussing the instructions. Participant B repeated the part of the 

instructions stating that shoulders should touch the floor between each repetition to 

confirm this. Then participant A said ‘And I was just thinking whether or not they [the 

hands] are allowed to be here -’ and raised her hands on the sides of her head ‘- or 

should they be like this -’ and crossed her fingers behind her head ‘- but keep them like 

this’ again placing her hands on the sides of her head. Then participant B said ‘I don’t 

think there was anything else there than that the shoulders have to touch the floor and 

elbows have to touch knees’, to which participant A answered approvingly. She 

continued with ‘As long as it stays like, not like cheating’ while gesturing hands 

detaching from the sides of the head forwards. Participant B places her hands on the 

sides of her head and the partner confirms ‘Just like that, next to the ears’. This of 

course is not a serious error, since both participant A and participant B both kept their 

hands quite close to their heads the whole time, participant B gaining maybe a slight 

advantage in the test compared to the fingers crossed behind head position, see Figure 

9. It does however indicate that the instructions (see Figure 10) did not quite deliver 

the needed information to the participants, especially since participant B iterated that 

she did not think there was any mention of the hand position. Participant A 

answered that she strongly agreed with the statement about succeeding in the test, 

participant B answered that she agreed. 
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Figure 9. Error in hand position in the sit-up test with video instructions. 

 

 

 

Figure 10. Video instructions showing the correct hand position in the sit-up test. 

 

Even though this error occurred many times, it was usually so slight (hands behind 

head but fingers not crossed, or hands tightly pressed on the sides of the head) that the 

result was acceptable. Only one participant (condition A+A+P) can be said to have 

significantly increased his result by helping with swinging arms, see Figure 11. Figure 

12 shows the visual aid the participant had in use. This participant had apparently 

understood the instructions and saw his pair perform the test before him, because when 

he initially laid down on the yoga mat to the starting position, he had crossed his fingers 

behind his back. This leads to the conclusion that he either previously knew or noticed 
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the aid that swinging his hands forward provided and decided to go with that. In the 

survey answers he answered ‘Strongly agree’ to the statement about succeeding in 

following the test instructions. 

 

 

Figure 11. Error in hand position in the sit-up test with animation instructions: 

significant help. 

 

 

Figure 12. Animation instructions showing the correct hand position in the sit-up 

test. 

 

Another error in performing the sit-up test is not lowering upper back and shoulders 

to the floor between repetitions. This gives a significant advantage in performing the 

test as it shortens the range of movement and makes the start of each repetition 

noticeably easier and quicker. The instructions give explicit information that the 

shoulders have to touch the floor between each repetition. From the video footage it 

seems that this error is especially common among male participants. Six out of 23 (26 

%) male participants made this error, while zero recorded female participants did. All 

of them were younger men (oldest was 35 years old) and, both judging by their 
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appearance and manner during the testing and their answers in the registration to the 

Energy Test, quite physically active. There was not a unifying factor in the test 

condition each belonged to - same error was made with both text and audio 

instructions, with both devices used and both with picture series and video. Male 

participants with animation as the visual aid did not make this error, but it of course 

might be consequential as the sample size is quite small, though it is noteworthy. 

Below are two examples of this error in action, and the relevant visual aids as 

references (Figures Figure 13, Figure 14, Figure 15 and Figure 16). In the latter case, 

the participant actually read out loud their text instruction, including the statement that 

shoulders have to touch the floor between repetitions. In this case then at least the error 

was committed, not because the participant did not know how to perform the test, but 

because he chose, consciously or unconsciously, not to follow the instructions. He also 

answered that he strongly agreed with the statement ‘I feel I succeeded in following 

the instructions’. 

 

 

Figure 13. Error in start position in the sit-up test with video instructions. 
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Figure 14. Video instructions showing the correct start position in the sit-up test. 

 

 

Figure 15. Error in start position in the sit-up test with picture series instructions. 
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Figure 16. Picture series instructions showing the correct start position in the sit-up 

test. 

5.2.2. Squat test 

The squat test was also familiar with the participants, with 42 participants answering 

Strongly agree, 23 answering Agree and 6 answering Disagree with the statement ‘I 

was previously familiar with the technique for this exercise.’ One participant did not 

participate in this test and had not answered the question. 

First, one question that came up quite frequently was whether or not it is acceptable 

if the heels don’t stay against the floor during the squat. This is very common, since 

tightness in Achilles tendons and even in iliopsoas muscles can make squatting with 

heels steadily on the floor impossible. This question was not addressed in the 

instructions, so the participants were left to their own judgement. Official instructions 

for the squat test do not give guidance on this matter and that is why it was left out 

from the instructions. This problem was addressed in the next iteration of the 

instructions, after this study. It is not discussed further now, since it is not considered 

a mistake, per se. 

Actual errors in the squat test are failure to bend the knees enough and instead 

reaching down to touch the floor by bending mostly from the hips, and not 

straightening the back and hips in the upright position. Overall, the squat test was 

performed up to the standard. Most participants seemed to want to perform the test 

right, even to the point of slowing down the performance speed to carefully touch the 

floor and straighten the hips between repetitions. One male participant (condition 

A+A+P) even changed his position in relation to his partner for the partner to ensure 

correct form. The only occurrence of the first error is shown in Figure 17 in reference 

to the visual (Figure 18) that the participant (condition V+A+P) had in use. The correct 

form in the test is shown in the instructions so that in the lowest position the femur, 
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thighbone, is parallel with floor. From the video still it is clear that the test participant 

is not bending his knees enough to achieve this, but rather leans forward to touch the 

floor. This participant had agreed with the statement about success in following the 

instructions. 

 

 

Figure 17. Error in end position in the squat test with video instructions. 

 

 

Figure 18. Video instructions showing the correct end position in the squat test. 

 

The second error did occur a few times, but as with the sit-up test, most of the time 

the error was slight enough for the participant to still succeed in the test. The severest 

case is shown in Figure 19 accompanied with the correct form from the visual aid the 

participant in question had in use (condition V+A+P) (Figure 20). As can be seen from 



 

 

34 

Figure 19 the participant did not straighten his back in the up position, instead 

maintaining a bend at the hips for the whole duration of the test. The participant 

answered that he strongly agreed with the statement that he felt he succeeded in 

following the instructions.  

 

 

Figure 19. Error in start position in the squat test with video instructions. 

 

 

 

 

Figure 20. Video instructions showing the correct start position in the squat test. 

Another instance of this error was found from the footage, presented in Figure 21. 

This participant was in condition P+A+P. The picture series instruction is shown in 

Figure 22. She answered Agree to the statement about success in following the 
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instructions. There was also one pair with two female participants, where the latter 

participant (A) performing the test was corrected by her partner (B), when participant 

A’s form became incomplete in the upright position.  

 

 

Figure 21. Error in start position in the squat test with picture series instructions. 

 

 

Figure 22. Picture series instructions showing the correct start position in the squat 

test. 
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5.2.3. Push-up test 

 Answers for the statement about this test’s familiarity were divided as follows: 5 

participants answered Disagree, 2 participants answered Neutral, 21 participants 

answered Agree and 44 Strongly agree. 

If the squat test was passed up to standard by almost 90 percent of the participants, 

the same cannot be said of the push-up test. It was clear from previous experience with 

Energy Tests that the push-up test sees an assortment of different attempts at the 

correct technique. Common errors include not touching the floor with either your chest 

or chin, not holding the core tight which results in the stomach or hips touching the 

floor at any point of the movement, not straightening the arms in the up position and 

resting between repetitions. 

Chest and chin are chosen as the points from which at least one should touch the 

floor on each repetition because this ensures sufficient range of movement in the push-

up. Forehead is not listed, since it is a common cheat to hang one’s head as low as 

possible to touch the floor with the forehead. However, it has to be noted that even 

though these errors are referenced as cheats for making the test easier for the 

participant, it might be unintentional. If not very experienced, it might be quite hard to 

notice the correct and incorrect forms of a movement while performing it. The naming 

of these errors as cheats is purely to differentiate errors which do not necessarily affect 

the correctness of a result from errors that give advantage. 

One occurrence of the first error is presented below in Figure 23, where a participant 

from condition A+T+T is performing the push-up test, and Figure 24 shows how the 

same lowest position was modelled in the animation. She answered Agree to the 

statement inquiring felt success in following the instructions. 

 

 

Figure 23. Error in the end position in the push-up test with animation instructions. 
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Figure 24. Animation instructions showing the correct end position in the push-up 

test (women). 

 

This same error was common among all participants, independent from the 

condition to which they belonged, although not necessarily quite as extreme. 25 

percent of the participants made this error on the video footage. The core problem 

seemed to be the inability or unwillingness to lower the upper body near enough to the 

floor. The correct form did raise questions both before and after the test performance 

among the female participants more so than with men. Many examples could be found 

from the footage. Two different pairs of female participants (conditions A+T+T and 

condition P+T+T) went back to the text instructions to reiterate the part about either 

chin or chest touching the floor between the two participants’ test performances. In 

one of the pairs (P+T+T), participant A and B read the instructions and looked at the 

pictures, participant B muttered aloud the part about chin or chest touching the floor. 

Participant A took the first turn at the push-up test. After her performance, she 

speculated that maybe towards the end there were some repetitions with incorrect 

form. Participant B answered: ‘No, they were all correct. Maybe there were a few 

where your back bent a bit but it was only a little.’ After this, they went back to the 

text instructions and pictures, clearly a bit unsure of what the correct form in actuality 

was. Judging by their discussion, especially the correct position and placement of 

hands was unclear. The position of hands is not tremendously important in the 

execution of this test. Subsequently participant B lays down on the mat to begin the 

test. She does three repetitions after stopping and exclaiming: ‘Hey! I’m not touching 

the floor with anything! Let’s start again.’ She starts again, now lowering her upper 

body sufficiently to touch the floor and performs 15 repetitions, an average result for 

her sex and age, with good form. After standing up again she comments: ‘It was indeed 

quite difficult when you actually had to go that low!’ 

Most participants started the test with the correct form but started to lose it as the 

repetition count increased. This is to be expected as push-ups demand more strength 

than squats or sit-ups. It is stated in the instructions as follows: “Do as many repetitions 

as you can. There is no time limit. Stop when you can no more perform a repetition 

with correct form.” (Translated from Finnish to English by author.) Therefore, when 

the participant can no longer maintain the correct form, the counting should seize. This 

was not always the case. One female participant (condition V+A+T) performed 12 

passable repetitions and after that her form deteriorated rapidly. She rested between 

repetitions on the floor, hung her head, let her hips touch the floor and did not keep 

her core tight beyond that point, but still kept doing her version of push-ups until 100 

repetitions. She answered Agree to the statement about success in following the 
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instructions. One male participant (condition V+A+P) neither straightened his arms in 

the start position - except to rest - nor touched the floor with his chin or chest in the 

end position, even at the beginning, and he calculated 64 repetitions for himself. He 

answered Strongly agree to the statement ‘I felt I succeeded in following the 

instructions.’ 

5.2.4. Sit-and-reach test 

The sit-and-reach test differs from the previous three in two ways: it is not a physical 

exercise like the others are, and to successfully get a correct result one has to set up 

the test place in a specific way, as the measuring stick has to be placed so that the 38 

centimeter mark is on level with the test person’s heels. 

The sit-and-reach test received most diverse answers to the statement ‘I was 

previously familiar with the technique for this exercise.’ The distribution was as 

follows: 1 Strongly disagree, 8 Disagrees, 1 Neutral, 32 Agrees and 30 Strongly agrees. 

Before expounding on the errors occurring in the performance of the sit-and-reach 

test, another type of mistake should be pointed out. There were a couple of occurrences 

of misinterpretation of the instructions, stating ‘The test can be repeated once’. This 

meant that the test participant has in fact two tries at the test, so the participant can 

have a try, and then repeat it. On some occasions this was taken to mean that there is 

only one chance to do the test. One pair (two females, condition P+A+P) set up the 

test place correctly and began the test. Participant A tried first. Her pair, participant B, 

asked ‘Do you want to try again?’ to which participant A answered with a surprised 

look ‘You can try once’. Participant B answers ‘Ah, okay, I misunderstood’. Another 

pair (two females, condition P+A+T) had the same argument, this time they listened 

to the instructions again, and the participant, who had previously thought she would 

only be allowed to try once, changed her opinion. Participants A and B both answered 

that they agreed with the statement concerning success in following the test 

instructions. 

There were three different types of errors in setting up the test place in the video 

material. First, participant A from one pair (two males, condition A+T+T) placed the 

measuring stick alongside the outside of his leg (see Figure 25). It should be mentioned 

that unlike in the picture series and video as visual aids, animation does not show the 

measuring stick at all (Figure 26).  Participant B kept re-reading their instructions but 

did not comment this at all. After his test, his partner, participant B, picked up the stick 

and placed it in the middle of the yoga mat so that he could position himself so that 

the stick was between his legs. While doing this, he said ‘In principle the measuring 

stick should be between the legs, but it doesn’t make a difference regarding the result. 

Only if it [the reach] happens to go long it makes it easier to estimate the result.’ Why 

participant B refrained from correcting his partner is not clear. Earlier in the test the 

pair did not communicate much and stood separately reading the instructions, while 

some other pairs huddled together to look at the instructions. 
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Figure 25. Error in the measuring stick placement in the sit-and-reach test with 

animation instructions. 

 

 

 

Figure 26. Animation instructions showing the starting position of the sit-and-reach 

test. 

 

Two pairs, both of condition P+A+P, both female, placed the measuring stick 

underneath the yoga mat so that only the numbers from 38 centimeters upward were 

visible. This did not bring about any problems since all participants making this 

mistake could reach over the 38 centimeter mark. Unfortunately for the research it is 

not therefore known what would have happened if someone had not reached as far. 

One pair (condition P+T+T) placed the measuring stick so that 0 centimeters was 

on the edge of the yoga mat, see Figure 27. This would have yielded so drastically 

wrong results that the moderator of the test had to prompt the participants to revise the 
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instructions, twice, before wrong results were inputted in to the system. Reference 

from the picture series is presented in Figure 28. 

 

 

Figure 27. Error in the measuring stick placement in the sit-and-reach test with 

picture series instructions: measuring stick placed on the edge of the yoga mat. 

 

 

 

Figure 28. Picture series instructions showing the starting position of the sit-and-

reach tes . 
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As can be seen from the above examples, errors in placing the measuring stick were 

absent in pairs with video as visual aid. This is easily explained when comparing video 

to the two other options - it is the only one that actually shows the placement of the 

measuring stick happening, though it is remarkable that all the visual aids were paired 

with either spoken or written instructions of how to set up the measuring stick. This 

supports the finding from the quantitative data analysis that suggests the visual aid as 

most important in determining the usability of the instructions as a whole. 

The most common error that can be counted as a cheat to appear was not pushing 

the hands along the floor but instead reaching forward with hands in the air. This gives 

falsely better results and also makes it more difficult to read the correct result from the 

measuring stick. One female participant (condition V+T+P) making this error even 

commented on the survey that it was difficult to read the exact result. She still 

answered that she agreed with the statement about success in following the 

instructions. The previous pair made this mistake in a curious way in the first try, 

before being asked to revise the instructions. Participant A in the green shirt started to 

push his hands along the floor as instructed, but his pair, participant B in the black shirt 

asked him to raise his hands to the air for a better result. After reading through the 

instructions again, for the aforementioned reason, participant A said out loud ‘Along 

the floor’ and thus verifying his previous impression of the instructions. When it came 

to participant B’s turn, he now performed the test correctly as well. There were other 

instances of this error as well, total of 10 occurrences were found from the video 

footage, which means at least 14 percent of the participants made this error. 

The other anticipated error was bending the knees while reaching forward. Only two 

occurrences were found from the footage, of which only one significant. This pair 

(condition A+T+P) unfortunately set their test place so that the video is shot from the 

front, which makes it more difficult to see the bending of the knees. Below in Figure 

29 is shown in a side-by-side comparison of the knees in the starting position and while 

reaching forward is shown to demonstrate the difference. This participant also 

answered Agree to the statement about success in following the instructions. 

 

 

Figure 29. Error in the sit-and-reach test with animation instructions: participant 

bending his knees. 
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5.2.5. Summary of findings from the qualitative data 

This data was not analyzed for statistical significance, and the following analysis relies 

on descriptive statistics and the total number of errors found within each composite 

condition. A summary of the errors made during the fitness tests are presented in Table 

10 below.  

 

Table 10. Summary of errors  

Test Error Description Frequency Males Females 

Sit-up E1.1 Fingers not crossed behind 

head 

15 6 9 

Sit-up E1.2 Shoulders do not touch the 

floor 

6 6 0 

Squat E2.1 Knees do not bend enough 1 1 0 

Squat E2.2 Back and hips not 

straightened between 

repetitions 

10 6 4 

Push-up E3.1 Arms not straightened 

between repetitions 

3 2 1 

Push-up E3.2 Chin or chest does not 

touch the floor 

18 9 9 

Push-up E3.3 Hips or stomach touches 

the floor 

10 3 7 

Sit-and-

reach 

E4.1 Faulty setup of the testing 

place 

7 3 4 

Sit-and-

reach 

E4.2 Reaching with hands in the 

air 

9 0 9 

Sit-and-

reach 

E4.3 Bending knees 2 2 0 

 

Errors occurring under each condition are collected into Table 11. Referencing back 

to the quantitative data analysis results, combining errors by visual aid results in total 

of 29 errors occurring with animation, 26 errors with video and 26 errors with picture 

series. Furthermore, a total of 37 errors occurred with text instructions, while 44 errors 

occurred with audio instructions. The lowest number of errors were made with the 

combination of video and text instructions. The device, surprisingly, made a difference 

in the error count: 34 for tablet, 47 for smartphone. The device did not make a 

difference in conditions with animation, but when comparing conditions with video 

and audio or picture series and audio, the difference between tablet and smartphone 



 

 

43 

was substantial: with video, the error count doubled and with picture series tripled. 

Conditions A+T+P, V+A+P and P+A+P showed the largest numbers of errors. 

 

Table 11. Errors by condition 

Condition Errors Total occurrences 

A+T+T E1.1, E2.2, E3.3, E4.1, E4.2 9 

A+T+P E1.1, E2.2, E3.1, E3.2, E3.3, E4.3 11 

A+A+T E1.1, E2.2, E3.2, E3.3 5 

A+A+P E1.1, E3.2, E3.3, E4.3 4 

V+T+T E1.1, E1.2, E2.2, E3.2 5 

V+T+P E3.3, E4.2 2 

V+A+T E1.1, E3.2, E3.3, E4.2 6 

V+A+P E1.1, E2.1, E2.2, E3.1, E3.2, E3.3 13 

P+T+T E2.2, E3.2, E3.3, E4.1 5 

P+T+P E1.1, E1.2, E2.2, E3.2 5 

P+A+T E1.1, E4.1, E4.2 4 

P+A+P E1.1, E2.2, E3.2, E3.3, E4.1, E4.2 12 
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6. FINAL PRODUCT 
 

After the user study, it was decided by Laturi CEO that the company will move forward 

with developing the product. It was confirmed that it is possible to reproduce 

comparable results in the Energy Test even when an instructor is not present, which 

was the key finding from commercial point of view. Due to financial constraints, 

picture series was chosen as the visual aid over videos since there were no major 

differences between the results of the two methods. Cost for producing videos of 

professional quality would have exceeded the cost of photographs greatly. Text was 

chosen over audio for similar reasons - it was much easier to add the text to the 

application than produce good quality audio to be played. The middle pictures from 

the picture series were discarded, but were replaced with additional pictures of 

common errors, close-ups and tips. For example, the sit-up test’s instructions were 

complemented with a close-up picture of fingers crossed behind the head and to further 

demonstrate this most common error, with a picture showing the wrong position, see 

Figure 30. 

 

 

Figure 30. Added picture to the sit-up test’s instructions: Common error: ‘Your hands 

are not crossed behind the neck and you use them to pick up speed.’ 

 

A new phase was added to the test instructing warm-up before the fitness tests. It 

also included a prompt to perform the tests with zest and drive, since in some cases 

during the user testing participants paid so much attention to the correct technique they 

forgot to push for maximum effort in the tests. To further help this goal, reference 

value tables were added so that the participants could find an appropriate goal to aim 

for, if they so wished. The wording on the instructions for the sit-and-reach test were 

reframed to remove the ambiguity regarding the number of tries each person gets. 

Also, a close-up shot of the placement of the measuring stick was added. The idea of 

removing the push-up test from the test protocol was floated, since that particular test 

suffered the highest rate of errors, but in the end it was left on the test. Otherwise the 
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development of the commercial product was more focused on aspects of the user 

interface and aesthetics. 
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7. DISCUSSION 
 

When discussing the results of qualitative data, it is important to factor in the 

participants as a major variable in the study. Physical fitness testing for the average 

person is usually anything but a pleasant, stress-free moment to dedicate to one’s well-

being. Most Finnish people have undergone physical fitness tests in comprehensive 

school and possibly vocational or upper secondary school. Physical fitness seems to 

be a sensitive subject for those who can assume they would not score excellent results 

in them. In general, it has been found at Laturi that people who have a good physical 

fitness are more likely to participate in the Energy Test. This is the same problem 

Human Resources personnel run into time and time again: people who are already 

interested either because they know they are going to score well, and find the 

motivation from there - the larger portion - or they are ready to find out the current 

situation to possibly have something concrete to reflect back on when time has passed 

and some changes have been made - the smaller portion - are the ones who want to 

participate. The individuals who are in the poorest shape or health and would need the 

results the most do not want to participate. 

Participants for this study were recruited from a pool of a few thousand university 

students and employees through direct email message, and only around 60 people 

showed interest. This tells that it is a small minority who want to willingly participate 

in fitness testing and should give the researchers a slight hint that most of the test 

participants probably are physically more active than average and more familiar with 

the tasks. This is further confirmed with the mean results of the participants in the 

muscle tests. The reference values for these tests are composed based on the averages 

in the population at large. All of the results are skewed from the normal distribution 

they should be following, which can easily be seen for example from the group’s upper 

body strength results, see Figure 31. The skewedness was most prominent in the upper 

body results, which may be attributed also to the fact that achieving a better result by 

cheating is far easiest in this test, see results in section 5.1.3. A person may even do it 

without realizing. These remarks are to remind the researchers 

 

Figure 31. Upper body results in the university employees and students group. 
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and the readers both that the results are difficult to generalize to include all people, if 

not more less experienced and less active participants can be found to participate in 

these tests.  

Another point for discussion regarding fitness testing overall is that some people will 

not, given any setting for the tests, be it alone, with a pair or even in a group with an 

instructor, do the test truthfully in the sense that they would perform each test with the 

complete range of movement and with the correct form. It is quite easy to cheat a good 

result into the excellent range, as was seen from the example of the female participant 

performing a hundred push-ups in section 5.2.3. It seems to be that physically active 

people have a greater need to perform really well in the tests. It is also much harder to 

cheat if one cannot perform the tests beyond a few repetitions, no matter the technique 

used. When performing these tests without an expert instructor there is no quality 

control from outside, which can definitely be seen as a negative side effect of self-

testing. If a personal trainer would have been present at the female participant’s test, 

the professional would have commented on the form and the end result would most 

probably have been more truthful. An RVT, reactive virtual trainer, such as presented 

in Ruttkay and van Welbergen’s study [35] could be a possible solution to this problem. 

An RVT might work even better than a real person, since there would be no social 

friction for a computer program to repeatedly ask the user to correct their form. An 

RVT could count only the clean repetitions, thus increasing the standard of the test 

performance significantly.  

A significant finding was the tendency of men to try and perform above their true 

fitness level, which was evident from the sit up test’s results in section 5.2.1. A 

staggering quarter of the male participants made the same error, while none of the 

videotaped female participants did, so it cannot be blamed solely on the instructions. 

Also, it is quite easy to physically feel the correct form, as the shoulders touch the 

floor, which is not always so easy with the other tests. The correct way to view any 

physical assessment is to consider it a tool for comparing one’s own results at different 

points of time, which is easiest if the tests are performed with standard technique each 

time. Moreover, the motivation benefit of finding out one’s current physical fitness 

level is lost, if the user gets an untruthful result. Alas, it may not be the biggest surprise 

that being truthful with oneself is not the simplest task. 

Although the quantitative data analysis did not show any significant difference 

between different fitness tests in different conditions, no errors were made in the setting 

up of the sit-and-reach test spot with video instructions. As mentioned before, it was 

the only one of the visual aids to show the actual placement of the measuring stick the 

correct way, whereas with picture series and animation the participants had to rely on 

hearing or reading comprehension. Although this did not reflect on the usability survey 

answers, it is somewhat clear from the qualitative analysis that visual aid in these sort 

of tasks is important.  

Animation as a visual aid was the only factor that can be said to increase the 

composite score. The result is also in accordance with the qualitative data analysis, 

where a greater number of errors were made with animation as the visual aid than with 

either video or picture series, though the difference in error count was not very 

extensive: 26 for picture series and video both, 29 for animation. A few explanations 

can be offered. The animations were very simple and they did not feature actual human 

figures but rather drawn stick figures. The participants may have felt less connected 

with the figures than with the human models in the videos and pictures. Reflecting on 

Yoganthan and Kajanan’s hypotheses of social presence in feedback [34], a reasonable 
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expectation might be that more relatable models result in higher user engagement. The 

animations’ lower image quality might have made the experience with them less 

immersive. The study by Ijsselsteijn et al. [30] suggests that more immersive virtual 

training session significantly raised the user’s motivation. Thus, for RQ1 the answer is 

not which method yielded the best results, but that animation yielded the worst results. 

The mobile device used did not affect the perceived usability score with statistical 

significance (RQ3), but tallying up the results from the video recordings, 34 errors 

were made using a tablet, while 47 errors were made using a smartphone. The larger 

screen on a tablet showed the visual aid larger, which might contribute to the results. 

Also there was a measurable difference in error count between text and audio 

instructions (37 and 44, respectively), even though the difference in the perceived 

usability composite score was very slight and inverse (Text – Audio = 0.101, see 

Appendix 2.) with a weak statistical significance. Thus, it is not possible to say which 

solution yielded better usability (RQ2). From this sampling it is determined, as an 

answer to RQ4, that combining video or picture series visual aid to text instructions 

results in the lowest number of errors made, making them the best alternatives in these 

kinds of applications. To be noted is that while animation combined with audio 

instructions also produced a low number of errors (9), animation was regarded as the 

worst in the postquestionnaire data. Therefore, it is disregarded as one of the best 

options when the user experience is taken into account. The large number of errors 

recorded is not of itself alarming to the testing standard, since the video material could 

be analyzed to see the severity of the errors. As mentioned in sections 5.2.1 – 5.2.4., 

most of the errors were slight enough to not completely disqualify the test score the 

participant got, and most were of the kind that would pass without problems even in 

the original group Energy Test. Therefore, it was possible to establish My Energy Test 

sufficient in ensuring the integrity of the product, and to move forward with the 

commercial product variant. 

Noteworthy of itself is how little the survey answers correlated with the findings 

from the video material. Practically everyone felt they had succeeded in following the 

test instructions, but the videos tell another story. Also, the quantitative analysis of the 

postquestionnaire answers found a statistically significant difference in perceived 

usability between the visual aids, whereas the visual aids was the most consistent factor 

in terms of error counts. This discrepancy between participant reporting and evidence 

should be taken into consideration in future research’s study designs of this matter.  

Since based on this study, home fitness assessment with the help of a mobile 

application is feasible, further research on the topic of mobile fitness assessment 

applications could step forward from the testing functionality itself to the motivational 

aspects of the application. For example, a longitudinal study examining the impact of 

regular fitness assessments in health behavior changes could yield interesting results. 

The lack of physical activity in the Western population is a real threat to public health, 

and new, effective solutions need to be developed.  
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8. CONCLUSION 
 

The aim of this study was to find out if it would be possible to instruct the performance 

of physical fitness assessments in a mobile environment with correct technique. A 

prototype of a product variant for Laturi’s Energy Test, My Energy Test application, 

was utilized in this study. For the application to succeed, comparable results to testing 

performed with a professional instructor present should emerge. In addition, it was 

studied which type of visual aid, instructions and mobile device performed best in 

terms of usability. The study was a 2 x 2 x 3 between-subjects design with a total of 

72 participants. Before the user studies a pre-study was conducted with a focus group 

consisting of health and fitness professionals to choose the study conditions. 

Quantitative data was gathered with a postquestionnaire. Composite scores were 

calculated for each factor and condition. The data was analyzed using a three-way 

ANOVA test. The data suggested that the device used did not to have an effect on the 

perceived usability. It was found that audio and text instructions were perceived with 

equal usability with each other. The visual aid used, then, had a statistically significant 

effect on the perceived usability score: video and picture series were rated more 

favorably compared to animation. The data was tested for differences between factors 

and conditions in different tests, but no statistically significant results were found. 

Furthermore, qualitative data was gathered by recording the user tests. The video 

footage was analyzed to find out what types of errors the participants made and how 

often. In terms of error avoidance, the best combination was either video or picture 

series combined with text instructions.  

Most of the participants were able to perform the tests in accordance to the 

standardized instructions. Even though errors were made in all of the tests, the severity 

of most errors to truthful tests scores was sufficiently low to not disqualify the quality 

of the provided instructions. To further reduce the amount of errors, some changes 

were made to the next iteration of My Energy Test, for example pictures pointing out 

errors were added to the instructions. 
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10. APPENDICES 
 

Appendix 1. Visual aids 

 

Appendix 2. Table of descriptive statistics 
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Appendix 1. Visual aids 

 

Picture series 

 

Sit-up test 
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Squat test 
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Push-up test (men) 
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Push-up test (women) 
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Sit-and-reach test 
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Videos 

 

Links to the videos, hosted in YouTube.com 

 

Sit-up test 

https://www.youtube.com/watch?v=PQRdb41Uk0Q 

 

Squat test 

https://www.youtube.com/watch?v=Lc5sYQa7VZw 

 

Push-up test (men) 

https://www.youtube.com/watch?v=1mQmhVGPv3U 

 

Push-up test (women) 

https://www.youtube.com/watch?v=tUmu9eujqWU 

 

Sit-and-reach test 

https://www.youtube.com/watch?v=EQQ4mS4d8vo 

 

  

https://www.youtube.com/watch?v=PQRdb41Uk0Q
https://www.youtube.com/watch?v=PQRdb41Uk0Q
https://www.youtube.com/watch?v=Lc5sYQa7VZw
https://www.youtube.com/watch?v=Lc5sYQa7VZw
https://www.youtube.com/watch?v=1mQmhVGPv3U
https://www.youtube.com/watch?v=1mQmhVGPv3U
https://www.youtube.com/watch?v=tUmu9eujqWU
https://www.youtube.com/watch?v=tUmu9eujqWU
https://www.youtube.com/watch?v=EQQ4mS4d8vo
https://www.youtube.com/watch?v=EQQ4mS4d8vo
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Animations 

 

Links to the animations, hosted in YouTube.com 

 

Sit-up test 

https://www.youtube.com/watch?v=DOUEZoQ_YBg 

 

Squat test 

https://www.youtube.com/watch?v=bEqbcBl3Pss 

 

Push-up test (men) 

https://www.youtube.com/watch?v=u0WAWR7qlVA 

 

Push-up test (women) 

https://www.youtube.com/watch?v=FyuYc9WjYsQ 

 

Sit-and-reach test 

https://www.youtube.com/watch?v=QAyETER5uBI 

 

 

 

https://www.youtube.com/watch?v=DOUEZoQ_YBg
https://www.youtube.com/watch?v=bEqbcBl3Pss
https://www.youtube.com/watch?v=u0WAWR7qlVA
https://www.youtube.com/watch?v=FyuYc9WjYsQ
https://www.youtube.com/watch?v=QAyETER5uBI
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Appendix 2. Table of descriptive statistics 

 

Condition / Factor Mean of composite score Mode 

Smartphone 1.708 1 

Tablet 1.670 1 

Text 1.758 1 

Audio 1.657 1 

Video 1.624 1 

Picture series 1.645 1 

Animation 1.845 2 

Smartphone + Text 1.686 1 

Smartphone + Audio 1.736 1 

Tablet + Text 1.846 1 

Tablet + Audio 1.558 1 

Smartphone + Video 1.702 1 

Smartphone + Picture series 1.542 1 

Smartphone + Animation 1.894 1 

Tablet + Video 1.544 1 

Tablet + Picture series 1.766 1 

Tablet + Animation 1.800 2 

Text + Video 1.764 1 

Text + Picture series 1.634 1 

Text + Animation 1.883 2 

Audio + Video 1.484 1 

Audio + Picture series 1.670 1 

Audio + Animation 1.791 1 

Smartphone + Text + Video 1.817 1 

Smartphone + Text + Picture series 1.203 1 
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Smartphone + Text + Animation 2.041 2 

Smartphone + Audio + Video 1.589 1 

Smartphone + Audio + Picture series 1.883 2 

Smartphone + Audio + Animation 1.743 1 

Tablet + Text + Video 1.710 1 

Tablet + Text + Picture series 2.073 1 

Tablet + Text + Animation 1.755 2 

Tablet + Audio + Video 1.380 1 

Tablet + Audio + Picture series 1.458 1 

Tablet + Audio + Animation 1.836 2 

 

 


