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Abstract 

Students mostly have their phone near and on during studying, using it for calls and texts as well 
as social media, which negatively affects their study behavior and efficiency. Research on the influence of 
other students activities in the direct environment (library) and phone usage on individuals is performed 
in this paper, through the use of a design, TILT. Nine students were observed for 90 minutes and 
questioned on their phone and study behaviour in quantitative and qualitative analyses. Founded was that 
participants are not influenced by each other’s phone behaviour, though they are influenced by each 
other’s behavior in general. There is a decrease in the distraction level when TILT is introduced on the 
study table to multiple students that know each other, even though it caused an increase in the distraction 
level to multiple students who do not know each other when they mount or retrieve their smartphones 
from TILT. If TILT is used the positive effect is that participants use their phone less, because of the 
increased effort it requires and thus are able to concentrate on their task better. A negative aspect of TILT 
is that if someone grabs his phone multiple students are distracted, more than in the setting without TILT.  
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Introduction 

Students either study in groups or alone, at home or in the library, but their phone is always near 
and on. Students use their phone for calls and texts as well as social media. The efficiency and well-being 
of students is negatively affected by personal social media usage (Brooks 2015). It lowers happiness, 
increases technostress and lowers task performance (Brooks 2015). A recent study by Rosen, Carrier and 
Cheever (2013) found that students switch task in less than six minutes on average, most often caused by 
technological distractions (social media, texting and preference for task-switching). Also, based on 
research done by Paretta and Catalano (2013), students spent 18.8 percent of their time in the library 
reading and 12.3 percent on typing documents (Paretta & Catalano, 2013). On the other hand 11.4 percent 
of their time is spent on browsing social media, texting (4.1%) and socializing (3.7%) and more 
distracting activities (Paretta & Catalano, 2013). Interesting is that students choose to study in the library 
because they find studying in a room with other students motivating (Mizrachi, 2010).  

The influence of other students activities in the direct environment (library) and phone usage on 
individuals is not intensively researched yet. Most research on study and phone behavior is focused on the 
individual. Aligolbandi et. al (2015) included in their study on the distractions of students in a learning 
environment that a type of external distraction is other students playing with mobile phones in the study 
environment.  
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The lack of research done in this area leaded to the research question: How do multiple students 
working in a direct environment influence each other’s study behavior by their smartphone usage? To 
perform research in this field, a design is introduced to gain insights and data in this context.    
 
Methods 

In order to investigate how multiple students working in a direct environment influence each 
other’s study behavior by their smartphone, a research study is executed. The goal of this research study 
is to explore (a) the individuals’ phone usage and its influence on (b) the multiple user experience & 
individuals’ study behavior in group setting. 
  
Subjects 

Participants in the research study are students of the Technical University of Eindhoven aged 18-
25. They are participating in groups of three. The research study is repeated three times with three 
different groups. Therefore, a total of nine students is participating. All students possessed an Android 
phone or tablet. 
  
Methods & Measurement Instruments 

In order to assess the individual's’ phone usage, the multiple user experience and the individuals’ 
study behavior, qualitative as well as quantitative methods are used, including a data-gathering prototype, 
measurement data, a questionnaire, a video analysis and an interview.   
  
Data gathering 
First, data about individuals’ phone and app usage is gathered using (1) the Quality Time app for Android 
phones and (2) a design probe, TILT. Comparing the data gathered using these instruments gives insight 
in the multiple user experience  & individuals’ study behavior in group setting. 
  

 
Picture 1 - The Quality Time App 
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The Quality Time app (picture 1) (QualityTime, 2016) is an app tracing the participant’s exact 

phone behavior. The app indicates how long the phone is used and which apps are used. The app will give 
insight in the time the participant is distracted. Besides, data visualizations of the apps of the different 
participants in the study group can be compared. This will also give insight in the influences of each 
other’s phone behavior. 

 

 
Picture 2 - The prototype TILT (In Context) 

 

 
Picture 3 - The prototype TILT (Clean Look) 

 
 
 



4 

Design probe 
The design TILT (picture 2 and 3) is used as a research tool (design probe) in this research study. 

TILT is a tool which encourages students’ study behavior in a multiple user study environment. Phones of 
students can be stored in the device. On one hand, the device will increase the effort for the students to 
take out their phone while studying and thus increase the effort of usage. On the other hand, when TILT is 
used by multiple users (multiple phones are stored in TILT), the social control tends to increase for the 
students not to take out their phones too often since they will distract the other students. 
Next to the multiple user experience which is created by TILT, it also gives insight in the total amount of 
times the phones are taken out by the participants. The prototype consists of a 10k potentiometer 
connected to an Arduino which measures the rotation of the prototype. TILT was designed to have a 
triangular shape in which a total of three participants can put their phones. Whenever a phone is inserted, 
it would tilt to the bottom due to the gravity and activate the TILT. If the value of the potentiometer, with 
a range of 0 to 1023, is higher than 500 the initial phone is turned downwards and the TILT is active. 
Whenever a participant wants to reach for their phone he or she would have to turn the TILT, which 
deactivates it.  
 
Questionnaire  

Secondly, data about the students’ individual phone usage as well as the multiple user-
experience is analyzed by a questionnaire (Appendix A) including demographic questions to gain basic 
knowledge on the participants. To find the cause of distractions during studying, questions were asked 
about attention, efficiency, study behavior and possible causes. Lastly, the Rating Scale Mental Effort 
(RSME) was used to ask about effort in combination with TILT (F.R.H Zijlstra, 1993). This scale helps to 
map the effort which was done by the student into their tasks and map their study behavior. 
 
Video analysis 

Thirdly, the individuals’ study behavior in group setting is evaluated by video analysis. 
Observations and data about the amount of times a student is distracted by the phone, is distracted by any 
other type of distractions or causes a distraction are gathered. 
 
Interview 

Finally, all data gathered from the different methods was compared and evaluated together with 
each study group of three participants in a final in-depth interview (Appendix B). Moreover, general 
questions were asked about individual’s phone usage and study behavior as well as their thoughts about 
the multiple user experience which was created. Finally, some questions about the design TILT were 
included. 
 
Materials 

For the experiment, the Android device of each participant is used as a mean to gather data about 
the user’s device behavior. The device can be either a phone or a tablet. Next to that, the design TILT 
(methods & measurement instruments) is used in order to examine the study behavior of individuals in a 
multiple user context. Furthermore, a camera is used to observe the study behavior of the multiple users 
participating in the user test, which later on could be used to draw some qualitative conclusions related to 
the quantitative outcomes. 
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Session protocol 
The research study was done by doing (1) an experiment and (2) a final interview. 
  

The experiment consisted out of two parts; (1a) a reference measurement and (1b) a target 
measurement. These two different measurements were executed in order to draw conclusions from the 
similarities and differences between the students’ accustomed and modified phone usage and study 
behavior. 

The experiment was executed by three participants in a group. They were asked to sit together in 
a direct study environment at the same table. The experiments were executed at the TU/e metaforum. A 
small introduction was given, which informed them about the setup of the experiment. Moreover, they 
were told that they could perform their own study activities during the experiment. Finally, they installed 
the Quality Time app on their phone or tablet in order to register their phone usage during the experiment. 
  After the introduction was given, the reference measurement was started. The participants worked 
for 15 minutes on their own tasks and their study behavior and phone usage was registered in a normal 
situation. 

After 15 minutes, TILT was introduced. The participants were asked to put their phone in the 
device. Moreover, they were told that they were allowed to grab and use their phone any time during the 
experiment. The target measurement started and the participants continued to study for another 60 
minutes in this new, modified situation. 

Finally, the participants were asked to fill in a questionnaire (methods & measurement 
instruments). Moreover, pictures from the quality time app were taken to evaluate its data. 
  
After the experiment was finished, all the data gathered from the different methods was evaluated and 
data visualizations were made. These were based on the students’ individual phone usage as well as they 
compared the phone usage of the participants studied (the study group). 
  
In the final in-depth interview, the experiences of the participants and findings from the test were 
evaluated together with each study group. 
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Results 
 
Individuals’ phone usage 
 

 
 
 

               
 
 
 
 
 
 
 

Graph 1 -                    Graph 2 -  
      Cause of distractions during studying                        Feeling about smartphone 
 

The initial hypothesis was that students would be most distracted by their phones. This was 
initially indicated partly from the study done  by Aligolbandi et. al (2015), where they looked into 
multiple external distraction factors. From the questionnaire (graph 1) and the interview could be derived 
however, that other students’ behaviors were found more distracting than one’s cell phone. Their cell 
phone does come on a second place: on average students said that ignoring their phone would take them 
‘rather much effort’ on the Rating Scale Mental Effort (F.R.H Zijlstra, 1993) And this is reinforced by the 
outcomes about questions on feelings about their phone, in which ‘distracted’ prevails (graph 2).  

In the interview, participants indicated that, when they are distracted by their phone, this is in 
multiple ways. When their phone is on vibration or sound mode they are distracted because the 
notification is very present. Some of the participants need to check their phone because they are arranging 
study related meetings and work on Whatsapp. Participants also indicate that it is a habit to look at their 
phone, when their phone is visible on the table this effect increases. It was also indicated that they feel the 
urge to check their phone more when their concentration level gets lower. It was indicated that they would 
be more efficient without their phone near. 
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Multiple user experience & individuals’ study behavior in group setting 
 
Students’ working style 
 

 
Graph 3 - Preferred Working Style from Questionnaire 

 

Working style Mean Std. Deviation 

Alone 4,444 1,236 

Group 4,333 1,581 

  
Table 1 - Comparing the alone and group working style  

 
As regards the distractions in a multiple user context, from the questionnaire it becomes clear that 

there is no significant preference for working alone (M = 4,44/7; SD = 1,24) or in groups (M = 4,33/7; SD 
= 1,58)(table 1 & graph 3).  

 
Distraction of aspects in the direct study environment 

In order to have a better understanding of each individual participants’ points of distraction 
during the experiment, a video analysis of the video recordings was done and sorted out into 2 different 
categories - studying with friends and studying with strangers. The distractions were grouped into 3 
different categories - number of general distractions, number of distractions caused to other participants 
and number of phone distractions. The data will give a clearer overview of how the relation between how 
the level of familiarity between multiple students affects the number of distractions during studying. 
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Before Usage of TILT # Distractions # Distractions Caused # Phone Distractions 

Close friends 10.6 4.6 1.6 

Strangers 7.25 0 1 

Table 2 - Before using TILT 
   

From table 2, the participants who know each other were found to be more distracted when they 
are studying than the strangers before TILT was introduced during the research. Furthermore, due to their 
familiarity to each other, they tend to cause distractions to their friends studying with them.  

 
Graph 4 - Individual Study behavior (Before Using TILT - 15 minutes) 

 
This data was gathered during the video analysis of the first part of the experiment video 

recordings, which is before the introduction of TILT on the study desk. From graph 4, it can be seen that 
each of the participants is distracted from their study or work  in one way or another during this short 
session with a mean of 9.11 distractions. However, due to the short time frame only a mean of 1.33 phone 
distractions was reached during this 15 minutes experiment of individual study behavior without TILT.   
 

In the interview people and sounds were indicated to be distracting in the study environment. 
Conversations in the mother language as well as other sounds created by others are distracting. To be less 
distracted by these aspects most participants used earplugs and listened to music instead. Also 
conversations started to the participants were distracting. This is another reason to put earplugs in, it 
indicates that the participant does not want to be distracted. Studying around a table with people the 
participants knew was more distracting than with people they did not know.  
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Distractions after introduction TILT 

 
Graph 5 - Perceived effort of phone retrieval with & without TILT 

 

Level of effort Mean Std. Deviation 

Without TILT 57,778 37,342 

With TILT 47,222 28,517 

 Table  3 - Perceived effort of phone retrieval with & without TILT 
 

The effort it takes to ignore the phone was indeed less when TILT was used (M = 47,22/150; SD 
= 28,52)  compared to the situation TILT was not used (M = 57,78/150; SD = 37,34) (graph 5 & table 3). 
However, resulting from the interview, if one of the other students did reach for their phone the 
distraction became bigger for the other students. 

 
During the target measurement with TILT, participants were more aware of their phone use. TILT 
required more effort for them to take their phone. This leaded to less phone usage than normally, on the 
other hand it made them think more about their phone in the sense of taking it yes or no. Sometimes 
participants would just push the button of their phone while it was in TILT to check their notifications. A 
distracting factor of TILT was that when the others grabbed their phone they had to stand up and make a 
move. When TILT would have been closer this would have been less distracting.  
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After Usage of TILT # Distractions # Distractions Caused # Phone Distractions 

Close friends 39.4 12.6 4 

Strangers 54 4.25 3 

 Table 4 - After using TILT 
 

From Table 4, after the introduction of TILT on the study table, participants who do not know 
each other were found to be more distracted when they are studying during the experiment. Participants 
who know each other were still found to have a higher rate of causing distractions to each other. Although 
the phone distractions are more when TILT is used, the time frame allocated for each test has to be taken 
into account. There was more time given to the target measurement where the TILT is used than for the 
reference measurement. 

 
Graph 6 - Individual Study behavior (After Using TILT - 60 minutes) 

 
Graph 6 was gathered during the second part of the experiment, where TILT was introduced to 

the participants. The participants have a mean of 45.88 distractions and 3.55 phone distractions during the 
60 minutes experiment with TILT. Although due to the difference of time-frames for the research study, it 
is inaccurate to compare the results directly, but with support from the questionnaires and interviews it 
can be concluded that TILT is actually still making a positive impact during the study sessions by 
reducing the usage of phone distractions due to the increased effort of reaching to retrieve their 
smartphones. 
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Distraction of others on phone 
 

 
Picture 4 - Data Gathered from The Quality Time App 

 
The data from the Quality Time app and the app activity of a participant’s phone is processed per 

minute in a table (picture 4 & Appendix C(2)) and compared. The table shows that in the reference as 
well as the target measurement students do not feel the urge to grab their phone if others in their study 
environment are using their phone. In general, at least five minutes are in between the phone usage of one 
participant and another. Only in one of the experiments this time interval was shorter. During the in-depth 
interview this was clarified because two of the three participants were in the same Whatsapp conversation 
and reacted on each other. 

Graph 7 - TILT Activity vs QualityTime App Data 
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Besides the Quality Time data, the raw data from the TILT was put into Excel and edited to form 
a scattered line graph (Appendix C(1)). The status of the TILT was put over the time so there is a clear 
visualization on the status of the TILT and put to a common time scale. This was then compared to the 
QualityTime App and better visualized in graph 7. 

During the first session the participants did not use their phones very often. The TILT activity 
was minimal as well as the QualityTime app. However, there was phone activity while TILT was not 
used. It seems that only in the beginning there is some correlation between the two. 

The second session the TILT was inactive for a long period of time at the beginning. During this 
time one of the participants took out their phone and went for printing which could explain the activity. 
The graph also shows that afterwards there was a large phone activity while TILT did not register 
anything. This was due to the fact that one of the participants did not put their phone back into the TILT 
as they were listening to recordings on their phone for study.  

Lastly, the third session TILT was turned multiple times. During this test one person used a tablet 
with the QualityTime app, so there is much activity shown in the app data, while TILT was not used.  
 

During the interview, participants indicated that they are focused on their study work and not 
distracted by others using their phone during studying. Only when a student nearby has the phone on 
sound mode, participants think it is very distracting when messages are received. When another student 
calls in the direct study environment this is perceived as very distracting. If it is in the same language as 
their mother tongue they tend to follow the conversation instead of studying. Otherwise if it is in another 
language they don’t understand it is perceived as background noise. Moreover, one participant indicated 
that she was distracted by another participant taking his phone. She wanted to know what he was doing.  
 
Change in Efficiency with the use of TILT 
  
 

 

 
Graph 8 - Perceived efficiency of study time with & without TILT 
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Efficiency Mean Std. Deviation 

Without TILT 4,889 1,167 

With TILT 5,556 1,333 

 Table 5 - Perceived efficiency of the study time with & without TILT 
 

Different distractions during study time were discussed with the participants in the interview. In 
general, the level of distraction depends on the time of the day. This is related to their level of 
concentration which gets lower towards the end of the day when they get more tired.  
 The hypothesis is that through the usage of TILT students would become more efficient since 
they are less distracted by their phone. The questionnaire indeed shows that participants rate their work 
ability as more efficient by putting their devices in TILT (M = 5,56/7; SD = 1,33) compared to the 
situation TILT is not used (M = 4,89/7; SD = 1,17) (table 5).  
 
Discussion 
Data Influences 

A total of nine students participated in this research. The participants were from three different 
faculties of the Technical University of Eindhoven, mainly Industrial Design, but also Automotive 
Engineering and Mathematics. To get to more objective results, a more equal division of different studies 
should have been tested as there might be a difference in workload or study behavior within the different 
studies. 

An IBM Power Sample was done to compare two groups (Without TILT vs. With TILT) on a 
scale called perceived efficiency (Appendix E). The scale is composed of 2 possible responses, which 
range from (1) Efficient at one end to (2) Not Efficient at the other. Because these responses follow a 
logical sequence a numerical score can be assigned to each response (from 1 to 2), and compute a mean 
and standard deviation for each group. The perceived efficiency is based on the mean from table 5. The 
null hypothesis is that the mean response for Without TILT and With TILT is identical. The aim is to 
disprove the null, and conclude that the mean response is different for Without TILT than for With TILT. 
The computation of sample size is based on the assumptions and decisions seen in Appendix E. It was 
calculated that 797 participants are needed in the research to reach a likelihood of 80% that the study will 
yield a statistically significant effect (Appendix E). If the research has such sample it allows to conclude 
that the mean response differs for Without TILT and With TILT. Due to lack of time and resources in this 
research only nine participants were studied.  

For the research the participants needed to install the Quality Time app on their phone and they 
needed to put their phone in TILT. Therefore, the participants knew that they were studied on their phone 
behavior. This influenced their phone behavior during the test, this was also indicated by several 
participants during the interview. The participants wanted to show that they do not really use their phone 
that much and tried to grab their phone less. Therefore, the results of the phone usage might by influenced 
and are higher in a more realistic situation. Besides that, the Quality Time app was only available for 
Android users, so because of this, part of the student population got excluded. 

Other aspects that might have influenced the research were that Participant 9 used a tablet instead 
of a phone. The tablet was used both for studying as well as connecting to the social media. Thus, the 
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interaction was different and he could not put his tablet in TILT, which results in the Quality Time and 
TILT data collected from Participant 9 was slightly different.  

Furthermore, one study was done in La Place and the other two studies were done in Metaforum. 
These differences in environment might have influenced the data as well.  
 
TILT as a research tool 

The data from TILT was compared with the other data that was gathered from QualityTime 
application as seen in graph 7. From this some inconsistencies were observed. The video showed that the 
participants picked up their phone more times than TILT logged. This was due to the rotation status of 
TILT. Having the state change threshold of 500 worked very well with one phone. However, with 
multiple phones it did not register that accurately. This could explain that there  is not much correlation 
between the TILT data and the QualityTime application. It would be better to log the raw potmeter data 
directly to measure each change in rotation. In this way, the phone positions and user interaction can be 
seen more precisely without TILT having to turn a certain amount of degrees first.  

Moreover, the triangular shape was also not ideal. The heaviest phone would be at the bottom, 
while the other phones would still be visible. For the participants whose phones were not at the bottom, 
they could still reach for their phone without triggering the mechanism that TILT is used. Even the 
aforementioned raw potentiometer data logging might not resolve this issue. This is due to the shape, the 
participants could still take out their phone from the top without rotating TILT.  

Therefore, in the future a better measuring tool should be created. While TILT did create more 
effort for the participants to reach for their phone, it is not an ideal measuring tool for the usage and thus 
had to rely on other measurements. One option to more accurately measure the phones being taken out by 
the participants could be a light sensor behind the phones. This is more accurately than the potmeter. 
However, the main aim of the TILT was observed. It did create more effort for the participants to reach 
for their phones. 
 
Conclusion 

This research sought to answer the question: How do multiple students working in a direct 
environment influence each other’s study behavior by their smartphone usage?  
 It was found that participants do not feel the urge to use their smartphone when they see other 
students in their direct environment using theirs. Other factors in the direct environment seem to be more 
distracting e.g. people walking by, people talking at the table, their own phone on the table. The behavior 
of others is therefore seen as more distracting than other students’ phone behaviour as well as their own 
phone, while some students did indicate that they check their own phone often and is a big distraction.  
 TILT positively affects the phone use of participants, it was indicated that their phone is used less 
because of the effort it requires to grab the phone. Putting the phones together helps students to 
concentrate on their task better. The participants also thought another time before they grabbed their 
phone because of the others involved. Though, this leads to a negative aspect of TILT: if someone grabs 
his or her phone multiple students are distracted, because they are all involved in TILT. This distraction 
was higher than before the introduction of TILT.  

The sampling study and results lead to improvements for future research. One of them is that 
TILT could be used as a platform to stimulate each other focus level through students encouraging or 
challenging their friends. A system with leaderboard can also be designed for them to further stimulate 
each other to be more productive during study or work. While the TILT did create more effort for the 
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participants to reach for their phone, it is not an ideal measuring tool for the usage and thus had to rely on 
other measurements. Therefore, the design of TILT could be altered in the future or a better research tool 
can be created.  
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Appendix  
 
A - Questionnaire 
 
Study Questionnaire 
Group 9 
  
Basic Questions 
  
1. How old are you? 
  
□ 10-20 years  □ 21-30 years  □ 31-40 years  □ Others 
  
2.  What is your current education status? 
  
□ Bachelor 1st y  □ Bachelor 2nd y □ Bachelor 3rd y □ Master 
  
3.  What kind of technology do you use most frequently? 
  
□ Cell Phone    □ Laptop           □ Tablet            □ Computer 
  
4.   How much times do you spend with your cell phone per day? 
  
□ < 1 hour        □ 1-2 hours      □ 2-4 hours      □ > 4 hours 
  
5.   What is the mode of my cell phone normally? 
  
□ Sound            □ Vibrate          □ Silent 
  
6.  What kind of activity do you do with your cell phone every day? 
  

□        Social network (Facebook, twitter, line, etc) 
□        Listening to music 
□        Playing game 
□        Searching the internet 
□        Watching movie / TV show 
□        Only phone call or texting 
□        Others 

  
  
 
 
Questions about Time 
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7. How often do you study at the university normally? 
  
□ Daily              □ 3-4 Days per Week    □ 1-2 Days per Week    □  Every two 
weeks       □ < 1 month 
  
8. How much times do you spend with your cell phone during studying? 
  
□ < 10 mins      □ 10 – 20 mins             □ 20-30 minutes            □ 30-60 
minutes            □ > 1 hour 
  
9. How often do you study at the university normally? 
  
Never                1          2          3          4          5          6          7          Often 
  
10. How often do you get distracted by other students around you while studying? 
  
Never                1          2          3          4          5          6          7          Often 
  
11. How often do you get distracted by people around you using their phones while you studying 
at the university? 
  
Never             1          2          3          4          5          6          7          Often 
  
Questions about Efficiency 
  

12. How efficient do you think you are normally doing your work or studying at the university? 
  
Not efficient    1          2          3          4          5          6          7          Very efficient 
  
13. How efficient did you perceive your studying just now by using the device to put phones 
together? 
 
Not efficient    1          2          3          4          5          6          7          Very efficient 
 
  
Questions about Attention 
  
14. I can divide my attention very well. 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
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15. I am not easily distracted by other things. 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
16. I can study well in groups together 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
17. I normally study in a group together 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
18. I like to study in a group together 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
19. I think putting my phone together with the other students just now helped me to concentrate 
on my task better 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
20. I got distracted when others picked up their phone 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
21. I get distracted by others during studying 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
22. I was thinking a lot about my own phone. 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
 
23. I wanted to put my phone back in the device after taking it. 
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Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
24. I mostly get excited when my smartphone rings or gets notifications during study. 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
25. I mostly get annoyed when my smartphone rings or gets notifications during study. 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
26. I mostly get distracted when my smartphone rings or gets notifications during study. 
  
Strongly Disagree          1          2          3          4          5          6          7          Strongly 
Agree 
  
Questions about Effort 
  
27. How much effort does it normally take you to study? 

  
 
28. How much effort does it normally take you to study focussed? 

  
 
29. How much effort did it take you to finish your task (studying or work)? 

  
 
30. How much effort did it take you to reach for your phone? 
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31. How much effort did it take you to ignore your phone? 

  
 
  



21 

 
B - Interview 
 
Interview questions 
 
GENERAL: 

- Do you feel your phone has an influence on your study behaviour? 
- If so, how do you feel your phone has an influence on your study behaviour? 
- How distracting is your phone for you? (Scale 1 to 7, 1 not distracting, 7 very distracting) 
- Do you feel the phone use of the others influence your study behaviour? 
- If so, how do you feel their phone behaviour influence your study behaviour? 
- Which other devices were distracting for you during the test? 
- What other distracting factors are present when you studied during the test? 

 
The moment to present data to the participants and compare to their answers. Is it different or 
the same?  
 
DATA: 

- When it is different: 
- Why is it different? 
- Is perception different? → think you are more distracted than you actually are? 
- Why did the 6th participant does not use his phone?  

 
TILT: 

- Do you feel TILT changed the situation?  
- Did you feel TILT made you grab your phone less or more? 
- Why? 
- How did you feel about others taking the phone out? 
- What did you think of the rotating function of TILT? 
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C - Results Raw Data 

(1) TILT Results 
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      (2) Quality Time app results 
 
Data group 2 
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Appendix D - Video Recording Analysis 
 
 
Group 1 

 
 
Group 2 

 
 
Group 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix E - IBM Power Sample 
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Sample size 
  
Executive summary 
  
With a sample of 797 subjects per group the study will have power of 80%.  This means 
that there is an 80% likelihood that the study will yield a statistically significant effect, 
and allow us to conclude that the mean response differs for Without TILT versus With 
TILT. 
  
Details 
  
The study will compare two groups (Without TILT versus With TILT) on a scale called 
Perceived Efficiency.  The scale is composed of 2 possible responses, which range from 
(1) Efficient at one end to (2) Not Efficient at the other.  Because these responses follow 
a logical sequence we can assign a numerical score to each response (from 1 to 2), and 
compute a mean and standard deviation for each group. 
  
The null hypothesis is that the mean response for Without TILT and With TILT is 
identical.  Our intent is to disprove the null, and conclude that the mean response is 
different for Without TILT than for With TILT. 
  
The computation of sample size is based on the following assumptions and decisions. 
  
Without TILT 
  
The expected pattern of responses for Without TILT is as follows (see plot).  (1) 
Efficient(49%), (2) Not Efficient(51%).  This corresponds to a mean of 1,51 with a 
standard deviation of 0,50. 
  
  
With TILT 
  
The expected pattern of responses for With TILT is as follows (see plot).  (1) 
Efficient(56%), (2) Not Efficient(44%).  This corresponds to a mean of 1,44 with a 
standard deviation of 0,50. 
  
  
Missing 
  
In computing the sample size we assume that there will be no missing data. 
  
Sample Size 
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The study will enroll 797 people per group, for a total of 1.594 people.  With this sample 
size, there is an 80% likelihood that the study will yield a statistically significant result, 
and  
allow us to conclude that the mean response is different for Without TILT than for With 
TILT. 
  
Understanding the assumptions 
  
The decision to use a sample size of 797 per group is based on the assumptions 
outlined above.  If these assumptions are correct, then this sample size will result in 
power of 80%. However, if these assumptions are incorrect, then the sample size 
needed to yield power of 80% will be higher or lower than 797 per group.  Therefore, it is 
instructive to consider what sample size would be required if we adopted a different set 
of assumptions. 
  
Computation of the required sample size is based on five factors, as follows. 
  
Mean difference between groups 
  
One factor that determines the required sample size is the mean difference between 
groups.  A small difference is relatively hard to detect, and therefore requires a larger 
sample size.  Conversely, a large difference is relatively easy to detect, and therefore 
requires a smaller sample size. 
  
The pattern of responses shown in the plots translates into a mean difference of 0,07 
points between groups on the 2 point Perceived Efficiency scale, and a required sample 
size of 797 per group. If the true mean difference is actually (for example) 10% smaller 
we would need a sample size of 983 per group.  By contrast, if the true mean difference 
is actually 10% larger, we would need a sample size of only 659 per group. 
  
Dispersion of responses 
  
Another factor that determines the required sample size is the dispersion of responses 
within each group.  If responses within each group are clustered in a narrow range, 
differences between the groups are more obvious and the required sample size is 
relatively low.  By contrast, if the responses within each group fall over a wider range, 
the difference between groups is less obvious and the required sample size is relatively 
high.  
  
The dispersion is quantified using the standard deviation of the responses.  The pattern 
used in our computations leads to a required sample size of 797 per group.  If the true 
standard deviation is actually (for example) 10% larger than assumed, we would need a 
sample size of 963 per group.  By contrast, if the true standard deviation is actually 10% 
smaller than assumed, we would need a sample size of only 645 per group. 
  
Missing data 
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Another factor that determines the required sample size is the percent of missing data.  
We compute the number of subjects actually needed for the analysis, and then adjust 
that number to ensure that we will have that number of responses after the missing 
subjects are excluded. 
  
In computing the sample size to be 797 we assume that there will be no missing data.  If 
the actual rate of missing data is 2%, we would need a sample size of 813 per group.  
  
Note that the adjustment for missing data assumes that the data are missing completely 
at random.  No attempt is made to adjust for the possibility that people who fail to 
respond differ in some ways from people who do provide a response. 
  
Alpha 
  
Another factor that has an impact on the required sample size is alpha, the criterion 
used for statistical significance.  We used an alpha of 0.05, which is often the default 
value, in computing the required sample size of 797 per group.  
  
It is sometimes appropriate to select a more conservative criterion.  For example, with 
alpha set at 0,01 the required sample size would be 1.185 per group.  Conversely, it is 
sometimes appropriate to select a less conservative criterion.  For example, with alpha 
set at 0,10 the required sample size would be 627 per group.  
  
Tails 
  
The final factor we need to consider is whether the significance test is one-tailed or two-
tailed. We assumed that the study will use a two-tailed test, which is usually appropriate, 
and computed the required sample size as 797 per group.  
  
If it were appropriate to use a one-tailed test (with alpha at 0.05) the required sample 
size would be 627 per group.  
  
Concluding remarks 
  
This discussion is intended to highlight the importance of the assumptions in computing 
sample size.  Where possible, it may be a good idea to take account of alternate 
assumptions to ensure that the sample size is adequate even if (for example) the mean 
difference is smaller than expected. 
  
Disclaimer 
  
This report is intended to help researchers use the program, and not to take the place of 
consultation with an expert statistician. 
 

 


