MIU – My Interactive University
improves the interaction between professor and students, considering course and learning
management as well as the in class-situation and also, it provides useful information of the happenings
and orientation on campus.
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Planning – context of use analysis
1. Initial user description
For our system we have two types of users:
• University students: they are no professionals and can have different ages from 18-28
depending on their academic progress (Bachelor or Master student) and different countries.
Moreover, we expect a decent knowledge and frequent usage of communication technologies
like smartphones, laptops or tablets.
•

Professors: our second target group are professionally employed teaching staff in the computer
science faculty and EIT Innovation of the Universidad Politécnica de Madrid. They are mostly
over 30 years old and with Spanish nationality. We expect an expert level of usage in terms of
ICT.

2. Expected user participation
Users to observe
Users to interview

Session 1: 15 students and 1 professor
Session 2: 20 students and 1 professor
9 people (6 students and 3 professors)
Each session individually

3. Questions
Nº
Students
Personality and Preferences
Q1
Q2
Q3
Interaction in class
Q4
Q5
Q6
Learning habits
Q7
Q8
Q9
Q10

Question

Personal Data: Name, Age, Academic background
Technology Use
Rank typical university tasks.
Participation
Preferences for class methods
Use of tools
Preparation for class
Sources of knowledge (professor, peer students,
internet)
Preferences for evaluation
Preparation for exam

University Administration
Q11
Q12
Campus Life
Q13
Q14
Q15

Nº
Professor
Personality and Preferences
Q1
Q2
Q3
Interaction in class
Q4
Q5
Q6
Student Evaluation
Q7
Q8
Q9
University Administration
Q10
Q11
Q12
Q12

Personal organization
Access to information
Daily time on campus
Activities on campus
Orientation on campus

Question

Personal Data: Name, Age, Academic background
Technology Use
Rank typical university tasks.
Class methods
Interaction with students
Use of tools
In class participation
Methods of evaluation
Grading
Personal organization
Access to information
On campus activities
Interaction with colleagues

4. Observation
Type of observation
We will conduct ethnographical observations as these allow us to capture how students and
professor act in class without interrupting or influencing them in the first step. We want to find out,
why or why not students participate or interact in class.
Also, the ethnographical observation gives us the opportunity to detect the most important and
frequent tasks and workflows in class and also the behavioural patterns of our users, as well as
determine the use of technology.

Finally, the reason for choosing the ethnographical observation is, that the two other types of
observation (contextual inquiry and laboratory observation) simply don’t apply to our context of
the classroom, as we neither can interrupt the lecture, nor we can put the lecture into a laboratory
setting. For that, we will use the interviews in order to find out more about the users, their mental
models and obtain more detailed information and data.

Tasks to be observed
Nº
Students
T1
T2
T3
T4
T5
T6
T7
Professor
T1
T2

T3
T4
T5
T6

Task

Level of participation in class
Asking questions to the professors
Commenting and discussing other students’ contributions
Taking notes
Using electronical devices
Contribution and interaction during group work
Presenting (e.g. assignments or group results after group
sessions)
Taking students’ attendance
Lecturing and teaching (e.g. based on slides, multimedia
content)
Answering students’ questions
Guiding discussions
Conducting assignments during class
Encouraging and evaluating students’ participation

Results - context of use
1. Summary of activities performed
In order to analyse the context of use of our users with their tasks and environments we first observed
two different kind of lectures (in terms of subject, interaction and practical work) in order to detect as
many differences and habits in interaction between the professor and the students. There we split the
responsibility so that in each observation two of us attended.
Moreover, each of us interviewed two students (with different backgrounds or academic level) and one
professor, which makes six interviews in total. Each of us was responsible to recruit, coordinate and
conduct the interviews by himself. As a support one other member of our group joined each interview
to take notes.
After conducting the sessions, we summarized the findings based on our notes and audio recordings
and then deviated the users, tasks and environments.

2. Deviations
Deviations happened for five out of six interviews and affected primarily the date and place, so that we
were obliged to show flexibility in planning and coordination.
The deviations were mainly driven by the students’ different obligations like classes and internships as
well as their physical condition (hungry, too tired) in two cases. Moreover, an issue was the availability
of the three professors due to their many different appointments.
Deviation
1

2
3
4
5
6

Aspect
Session 2:
Number of
Participants
Session 3 and 4:
Date and place
changed
Session 5:
Place changed
Session 7:
Date and place
changed
Session 8:
Date and place
changed
Session 9:
Date and place
changed

Explanation
45 instead of calculated 20-25 people: only counted
Data Science (DS) students before , but not other
masters.
Availability of DS students: internship on Monday, so
sessions switched to Sunday. University not open on
Sunday à place changed to private flat.
Class room occupied afterwards à place changed to
professor’s office.
Interviewee wanted lunch break à needed flexibility
to switch date and place.

DS student had class at that time à combined
together with session 7 for a change in date and
place.
Availability of professor due to travelling. Place
changed to professor’s office.

7
8

Session 10:
Date and place
changed
Session 11:
Date changed

Availability of professor due to a conference. Place
changed to professor’s office.
DS student was too tired after internship à Date
changed after I&E class on Friday.

3. Summary of observations
The two observations made were very contrary in terms of interaction between students and
professor, motivations and teaching methods. The following aspects show the most significant
differences we have detected:
Aspect
Number of Students
(Participating / Total)
Attendance Control

Devices
Interaction

Teaching methods

Ask Questions

Overall Impressions

Observation 1

Observation 2

14/18

7/45+

Signature on paper
Every student has a laptop
and smartphone
High interaction between all,
also some discussions,
professor asks everybody’s
opinion
Slides, Videos, Group work,
Discussion, Role Play, Case
studies
Many students asking
questions, professor asks
also other students to
answer
Very well structured, highly
participatory and interactive
class with “hands on”
character and project-based
learning

No
Some have laptops
Low interaction between
professor and students,
some seem bored or lost.
Partly in Spanish.
Frontal Teaching, Slides,
Videos
Only a few ask questions, the
professor answers in
technical terms.
Static frontal taught lecture
without much interaction.

4. Summary of interviews
Students
Topic

Question

Summary

1 Personality and Preferences
Technology Use

University Tasks

How many electronical devices to you regularly
use? Which ones?
How many hours per day do you usually use
electronical devices?
Which devices do you prefer to use for
university?
Please rank these typical university tasks
according to your importance:
¨ contact professors
¨ manage university administration
¨ scheduling group meetings
¨ ask questions and participate in class
¨ recap professor’s slides
¨ prepare for an exam
¨ meeting other students
¨ campus life
¨ find rooms and locations on campus
Is there any important task missing? If so,
which?

Laptop, Smartphone
10,83h average per day
Laptop

Most important tasks are in common:
Meet other students
Contact professors
Prepare for an exam
Ask questions
Recap slides

2 Interaction in class
Do you actively participate in class? And why?
What could possibly distract you from paying
attention in class? Why?

Participation

Do you enjoy the class or feel there is
something to be improved?
How would you participate in a discussion
during class? Why?
How would you prefer to ask questions in
class?

Class methods

Please rank the following methods in class
according to your preference:
¨ group work/workshop
¨ frontal teaching by professor, 1
¨ individual quizzes
¨ discussions
¨ presentations by students
Which tools do you use in class? Why?
Which tools do you prefer for your personal use
in class?
¨ paper and pen
¨ laptop

It depends on the class and teacher
In general, active participation to learn and understand
the topic
Smartphone (Notifications, Whatsapp, Battery), Other
students, Noise, being bored
Teaching methods and interaction could be improved,
not just long PPTs
Disagreement, depends on student’s personality:
Start actively a debate and stage opinion vs. wait other
students’ contribution and react
Disagreement, depends on student’s personality:
Ask directly in class on the topic vs. ask teacher after
class alone
No time to think and take notes
Most relevant (all agreed on first two):
Group work
Discussions
Frontal teaching
Presentations
Individual quizzes
Disagreement:
Laptop vs. Pen + Paper (to memorize better with own
handwriting)
Disagreement:
Laptop vs. Pen + Paper

¨ mobile phone
¨ tablet
¨ other?
Which tools would you like the professor to you
use in class?

Whiteboard, Projector, PPT
To use more multimedia

3 Learning habits
Class

Knowledge sources

Evaluation

Exam preparation

Do you usually prepare for the next classes? If
so, how?
Do you feel you get the most knowledge out of
the class? What can be improved?
If you don’t understand the content of the
class, how do you prefer to gather knowledge
about it:
¨ ask the professor
¨ ask peer students
¨ own research on the internet
Which kind of evaluation do you prefer?
¨ in class – quizzes
¨ in class – oral contribution
¨ in class – presentations
¨ group assignments
¨ partner assignments
¨ individual assignments
¨ exam
How do you usually prepare for exams? Which
methods do you use? What could be
improved?
Do you use the professor’s slides? How?
Do you like to prepare for exams alone or in
groups?

Agreement: no preparation
Agreement: not getting the most out of it (irrelevant
content), knowledge should be applied more practical

Ask professor or do own research

Group assignment vs. individual
Presentations
exams

Studying, summarizing class content
Yes as a references or if it is useful, but own research
Alone (concentrated) vs. in groups (compare, exchange
information)

4 University Administration
Organization

Information access

What tools do you use to organize your
university academics? E.g. class schedule
How was your experience with the class
enrollment? What can be improved?
How do you submit assignments? What can be
improved?

Smooth experience vs. painful (two times on paper and
online)
Moodle, email or Sakai, on one platform would be nice

How do you receive grades?

Moodle or email
Data Privacy issue: also seeing other students’ grades

How do you know about new assignments,
deadlines, exams, news for classes?

Moodle, Facebook, Whatsapp, Email

How do you communicate with the professors?

Information access

Calendar with Tasks, Screenshots, Timetables

Regarding accessing your academics what could
be improved?

Email vs. in person
Moodle not so much to write messages
One platform for all
Download all class material with one button
One shared folder or platform to share material

5 Campus life

Activities

How do you know, what is going on on
campus?
How much time do you usually spent on
campus per day?
For what activities are you on campus:
¨ classes
¨ individual studying

Social Media, ask other students
Average 5h per day
Classes
Group work
studying

Orientation

¨ meeting friends
¨ group works
¨ eating
¨ involvements in clubs
¨ other
What do you think about finding a room on
campus?
If you can’t find a location on campus, what do
you usually do?

Easy vs. very confusing (shifted floors)
Ask somebody, look at the information screen

Professors
Topic

Question

Summary

1 Personality and Preferences
Technology Use

University Tasks

How many electronical devices to you regularly
use? Which ones?
How many hours per day do you usually use
electronical devices?
Which devices do you prefer to use for
university?
Please rank these typical university tasks
according to your importance:
¨ grading students
¨ controlling students’ attendance
¨ preparing for class
¨ knowing the students’ abilities
¨ helping students with questions
¨ prepare an exam
¨ doing administrative tasks
Is there any important task missing? If so,
which?

3-4 devices: Laptop, Smartphone, Tablet
Average 10h
Laptop
Most relevant: preparing classes, helping students, knowing
students’ abilities
Not relevant/mandatory: administrative work, grading,
attendance
Missing tasks: debating with colleagues, getting
evaluation/feedback from students

2 Interaction in class
How do you usually prepare and structure your
class?

Class methods

Interaction with students

What methods and tools do you use in class?
Which tools would you like the students to use
in class?
How do you learn about your students, their
abilities and background?
How do you check the students’ attendance?
What could be improved?
How do you interact with the students in class?
How do you encourage their participation?
What do you do, if students don’t pay
attention? What can be done to improve their
participation?

Continuous improvement of already taught slides
Documentation of classes (steps, tasks,methods), comments
in slides
Review other universities, Content roadmap aligned
Project-based learning based on case studies
Focus on practical work, Discussions
Moodle, PPT, media
New possibilities with everybody’s laptop
Laptop, Smartphone for voting, research tools
Distraction can happen
Depends on number of students
Through practical activities and participation
Don’t like it (no need at mature master students) vs. have to
in undergraduate level
Possibility to argue their own opinions leading to discussions,
bonus system (but can lower the quality of contributions)
Change context to reactivate students, ask questions to draw
attention, Bonus system with plus and minus

How do you usually answer questions of the
students? How do you guide a discussion?
What can be improved?
How do you treat shy students, who don’t want
to speak in front of the class?

In class or by mail, express own opinions
Approach them in a more private setting (like group work)

3 Student Evaluation
Class

Methods

Grading

How do you measure and evaluate the
student’s participation in class?
Do you conduct assignments during class? Why
or why not?
Which kind of evaluation do you prefer for
students and why?
¨ in class – quizzes
¨ in class – oral contribution
¨ in class – presentations
¨ group assignments
¨ partner assignments
¨ individual assignments
¨ exam
How do you grade the students? How do they
receive grades? What can be improved?
How do you check the exams? What can be
improved?

Bonus system, note down good comments, most important is
interest
Oral contributions, presentations,
Disagree: usefulness of quizzes
Disagreement on group work: very good regarding team
building and discussions vs. unfair in case of unequal
contribution of team members
Individual and presentations are the most important
No exams are held

Feedback asap, checklist with sections
Via Moodle or email
No exams are held

4 University Administration
Organization

Information access

Environment

What tools do you use to organize your
university academics?
How do you create assignments and upload
materials? What can be improved?
How do you communicate with students?
How do you prefer to help students? By mail or
in person?
How do the students about a new assignment
or grade? What can be improved?
For what activities are you on campus:
¨ classes
¨ preparing classes
¨ administrative work
¨ eating
¨ Other
How do you prefer to prepare your classes?
Alone or with colleagues?
Do you have your own office or sit with
colleagues together?
How do you exchange with your colleagues
about academics?

Many different sources and systems
Moodle vs. only Mail (nobody uses Sakai)
Moodle or Mail, improvement: a shared platform or folder
with students for real time updates
Disagree in preferred way: Moodle vs. Mail (more personal)
In person
Moodle, in class

On Campus most of the time, sometimes class preparation at
home

Alone, later on discuss with colleagues
With colleagues
Regular meetings, conferences, workshops

5. User analysis
Profile 1: Students
Hint: although the characteristics of students are summarized into one user profile, some differences
between students have been detected. Any differences or deviations among students are indicated in
the third column of the following table:
Deviations
Different levels of Motivation (intrinsic
motivation on studying a special tpic in
master vs. being “forced” t study a wide
range of subjects)

Description

Students between 18 and 29 years old,
electronical devices are an important part
of their life and they also use it for
academic purposes at university.
Depending on their own motivation,
students are very engaged in class or not so
much.

Competence

Depending on their academic experience; Different level of academic experience and
first year undergraduate students have no knowledge of university processes
experience at all, how things work at
university regarding classes, assignments or
administrative stuff.
On the other side for more experienced
students, e.g. third year or master students,
the procedures are quite familiar.
Technology use very experienced
In technical subjects also depends
Need more or less guidance of the
professors
<Expected and typical patterns of use of the profile users (frequency, regularity,
continuity, concentration, intensity, complexity, predictability and controls focus>

Interaction

Information

Usability
attributes
Functional
support

Daily routines of attending classes, checking class content, emails, interacting on
smartphone, walking through campus, eating and chatting with other students, most
tasks are very predictable and controlled, concentration level depends on subject,
teacher and day time.
<Nature of the information manipulated by the profile users or exchanged between the
profile users and the system (source, address, volume, complexity>
Learning management:assignments, email, smartphone, whatsapp, social media, website
of upm, moodle, information screens, class materials, Individual questions,
Satisfaction
Learnability
Efficiency
Get the course material
Getting their grades
Communicating with students and professors

Profile 2: Professors
Middle aged (30-50 years) professors with deep experience in teaching.
Use given university tools and guidelines to set up and structure classes.
They try to use different teaching methods in class, besides showing slides.
Professors prepare classes, conduct lectures, exchange with colleagues and do
administrative work like grading the students.
They are willing to improve their lectures, help students and answer questions at
any time.
Competence Experienced in teaching and proficient in using technology
Description

Interaction

They have to be kind of multi-tasking able to manage different tasks at the same
time, like preparing classes, communicating with the students,
Predictability id two-fold: the classes are mostly structured and well predictable, but
any additional interaction with the students mostly happen spontaneously.
Difficulty increases with the progress of subjects during the semester
Concentration: high on work
Daily routines
Information

Usability
attributes
Functional
support

Two of info. More publice nature: slides, assignments, papers, class materials
Private nature: grades, individual communication with students, personal
administrative information
Efficiency
Memorability
Utility
<Specific tasks that the profile users will perform using the system>
Managing class materials
Grading students
Communicating with students

6. Value Proposition Canvas
Student

Professor

7. Task analysis
Students - Task list
Task
Academia
Participate and ask
questions in class

Communicate about
class-related content
Working with other
students
Submit assignments
Access class content
Checking grades
Taking Notes
Daily assignments
Prepare for an exam
Administrative
Enrol for classes
Evaluate Professors
Requesting documents
Campus Life
Socialize with other
students
Get bus schedule
Find rooms
Find food and menu

Description

Participation during class is done either by asking questions, answering to the
questions asked by the teachers or by the other colleagues or by sharing knowledge
regarding the subject. The task is done now mainly orally
Via different channels (e.g. Moodle, Email, Social Media and with different people
(professors, other student, administrative office)
Students will have to form groups for different assignments and they will have to
meet and work together by deciding on the tasks, dividing them among each other
and finally preparing the final submission
The submission of the assignment will be done via Moodle or email before the
deadline
The student is able to access the content of the courses from the platform on which
they were sent by the professor (Moodle or email)
The grades are available for students to check either on the Moodle with the
submission of the assignment either will be delivered by the email.
Notes are taken either on a notebook, on the slides given by the teacher or on an
online document, either during the class or while the student is studding
independently.
The students will work on the daily assignments either alone or in groups according
to the requirements.
In order to prepare for the exam, the student will go through the material provided
during the classes and also will do further research on the topics that are not clear
enough.
The process of the enrolment is done once per semester. Need to show papers for
complete registration, are being manually enrolled in classes
The evaluation of the professors is done during the final classes of the semester on a
predefined printed form.
In order to receive an official document, the student has to make a request and in a
defined period of time he will receive it.
Student will interact with other colleagues during classes, breaks, lunch or on his way
home or to the university.
The student can read the schedule of the bus either from the bus station posters
either from the City mapper app.
The student has to find first the building in which the class is and try to find it
according to the indexing and if not possible to ask other students or the university
staff.
The student must go to the cafeteria to find out which is the menu of the day.

Find out news and
events on campus

The news and events from the campus are spread either by word of mouth either my
emails or posters displayed around the campus.

Task organisation model
Students

Academic

Interaction

Technical tasks

Administrative

Studying

Campus Life

Enroll for classes

Socialize with
other students

Participate and
ask questions in
class

Submit
assignments

Taking Notes

Evaluate
Professors

Get bus schedule

Communicate
about classrelated content

Access class
content

Daily assignments

Requesting
documents

Find rooms

Working with
other students

Checking grades

Prepare for exams

Find food and
menu

Find out news and
events on campus

The students’ tasks are divided into three main categories, mainly affecting the importance and
context, so that we separated academic tasks from administrative tasks and social life.

Task scenarios
Maria is a master student of Data Science. She wakes up at 8 every morning and goes to class at the
University campus. She takes the bus and goes directly to her class and opens her laptop in order to
download the materials that the professors sent for this class. She accesses Moodle, goes to the class
section and according to the index she searches for the latest addition to the collection. She downloads
the slides, open them and follows the lesson. She want to clarify everything so she asks a lot of
questions during class and also, as this is one of her favourite subject, she expresses her knowledge, by
telling small stories so that she will catch the attention of her colleagues. At the end of the class, after
the professor told the students what is their next assignment, she goes to the teacher to ask some
details about the homework that were not so clear for her from the given description. After the class,
she goes to the meet with her group to finish a previous assignment that they have to submit today.
After 2 hours of work they finish with it and because they are starving they decide to go to the
cafeteria to eat lunch. They take the menu of the day and sit at a table together so that they can talk
about what is happening around the campus. After lunch, Maria has to go to the administration office
to request the transcript of records but when she gets there she finds out that she has to write a
request and the needed papers will be ready in a few working days. She has to go now to the next class
but she is a little bit confused as she is in the right building but she cannot find the number of the class
that she wants. After a little bit of struggle, she manages to find it and starts the class. Before the class

ends she checks the Citymapper to see when is the next bus to go home. She arrives at home where
she finally has time to submit the result that she reached with her group. After the submission she
decides to check if she received any grades for the UX class and she sees that her work was rewarded
with a 10.

Professors - Task list
Task
Preparation
Preparing class
material
Knowing the students’
abilities
Prepare exams or
quizzes
Interaction
Communicating with
students
Holding a lecture
Discussing with
colleagues
Administrative
Grading students

Evaluating
assignments
Evaluate students’
participation in class
Doing research
Controlling students’
attendance
Administrating virtual
classrooms
Checking the forums
Upload new content
Inform students
Report students’
performance and
progress

Description

The professor allocates time to prepare the slides, the papers, the videos that he will
provide to the students.
The student’s abilities are known either from previous interactions, from submissions
or from discussions with other professors.
The professor prepares the quizzes for the students to take it either on paper, online or
orally during the class.
Communication with the students is done either in person either via email or Moodle.
The teacher gives the lectures according to the schedule.
For advice, to consult on different topics the teacher is discussing with colleagues
either in person, email or calls.
The teacher gives a grade to the student after evaluating the submission. The grade
(sometimes with explanations) will be communicated to the student either by email or
on Moodle.
Taking into account the
According to the answers and questions, students are evaluated positive or negative
and that is written down for further grading.
Searching and reading papers, newspapers, articles related to the thought topic or
more.
Sending a paper around the class so that all the present students sign the attendance
sheet.
Signing up students to the virtual class, creating team, groups, answering requests.
The teacher has to check regularly the forums to see if there are new questions or new
comments; to keep up to date.
Revise the slides that he already has and update the information; upload them to the
platform.
The information’s are send to the students via email.
The professors have to write a report of the performance and evolution of the students
during the semester. This is done from the answers of the students and quizzes results.

Task organisation model
Professors

Preparation

Interaction

Administrative

Controlling
students’
attendance

Preparing class
material

Communicating
with students

Knowing the
students’ abilities

Holding a lecture

Grading students

Checking the
forums

Prepare exams or
quizzes

Discussing with
colleagues

Evaluating
assignments

Uploading new
content

Evaluate students’
participation in
class

Informing students

Evaluation

Administrating
virtual classrooms

Report students’
performance and
progress

The professors’ tasks are divided into three main categories, mainly affecting the importance and
context, so that we separated the process of the preparation of the class, the interaction and the
administrative part.

Task scenario
Arriving at the office, preparing next class, discussing with colleagues, answering emails, holding a
lecture, control attendance, evaluate students’ participation, answering questions of students (also
after class), administrating virtual class room (upload new material, send grades).

8. Environment analysis
Social
environment

The system would be mainly used at university campus to help organize
work and improve daily tasks (checking the attendance, quizzes, providing
grades from participation in the class etc.)
It would be also available to use from another location to access slides,
assignments and announcements from professors. Generally, would be
used by two groups of users: students and their professors.
Each of the users has his own account connected to email account.
Scenario: at home alone – as a student
Submitting the assignments
Reviewing the slides

Receiving the grades
Checking the messages from professor
Communicating with other students
Assigning to the work team
Scenario: in office – as a professor
Preparing the class
Gathering information for slides
Submitting the grades
Sending the messages, updates to students
Grading the student’s submissions
Replying the emails
Communicating with other professors

Operational
risks

Technological
environment

Physical
environment

Scenario in the class – as both
Checking the attendance
Participation in the class
Mating notes on the slides
Conducting the quizzes
Replying the questions from students
Group work of students
Presenting of the group work of students
The only mistake can be related to providing wrong grade, date or hour (for
assignments) in the system. All the data should be confirmed before
sending and easy to fix to provide error prevention.
Even in case of mistakes do not have any economic, security or safety,
consequences. All the data are available only for registered and enrolled
users depending of their study track (in case of students) and lectured
subject (in case of professors).
The system could be used by any personal computer or laptop with modern
web browser. Mobile devices such as smartphones or tablets should be also
supported, but only the modern ones (with enough big screen resolution).
No special peripherals are needed – keyboard and mouse are enough.
For mobile device the perfect solution would be dedicated application to fit
into different environment from big screens.
Most of the users will be using the system at university or at home. As it
could also be used on mobile devices, restrictions related to outdoor using
should considered:
• Too much light – high contrast mode
• Not enough light, night – dark mode (reverse colors: black
background and white text)
• Use of mobile devices – vertical horizontal mode
• For mobile application – possibility of switching of the notifications
Other considerations are not critical and could be take into account on
second place.

9. User journey map
One typical day of a student

One typical day of a student

Usability testing report – low fidelity prototypes
1. Executive summary
Our system “MIU – My Interactive University” improves the interaction between professor and students, considering the
administration part like grading, course and learning management as well as the in class-situation and to provide useful
information of the happenings and orientation on campus.
To improve our designs, we conducted thirteen usability tests on the web based
two different design variations (mobile and desktop) of the system with the two user profiles, six students and four
professors. These tests took place between 26.03 and 06.04 2018 at the UPM Montegancedo campus and one researcher’s
flat in two cases. Each session lasted about 1h.
In general, all participants could complete the tasks without big problems, only in one case a task could not be successfully
completed. The user satisfaction is rated very high in the SUS with way above average values. However, the analysis of the
number of needed actions and also the impressions and observations identified some possible improvement areas.
Regarding the preferred prototypes the opinion is twofold:
•
•

Students prefer to use the desktop system, mainly because of the bigger screen and overview, but also it depends
on the context of the task, for small, simple tasks like checking the schedule or the food menu they also would use
the mobile phone.
Professors prefer to use the mobile system, considering the fact that the small device can be integrated much
better into the lecturing activity by not building a communication barrier towards the students.

The test study identified the following main usability problems:
•
•
•
•

Too deep, confusing navigation (mobile)
Confusing terminology
Cluttered, overwhelming design
Too many offered functionalities (desktop) with low accessibility and practicability (mobile)

Before deciding on one system design the following aspects should be taken into account:
•
•
•
•

Context of use (e.g. classroom, campus, office)
Complexity and frequency of tasks (e.g. checking the food menu vs. rewarding a student)
Device characteristics (size, weight, practicability, integration into daily life, battery, connection)
Scope of provided functionalities

2. Goal of evaluation
Evaluate how the two designs fit the mental models of the participants. The evaluation will be made
using the “thinking aloud” method. Attributed to be evaluated: efficiency, effectiveness and user
satisfaction.

3. Schedule update
The deviations of our usability testing can be categorized as followed:
• Deviations in the organization and preparation

•

Deviations in the test conduction

Regarding the organization and preparation, the following deviations took place compared to the
original planning:
Deviation

Aspect

1

Final number of participants

2

Assignment of sessions and User
IDs

3

Wording of task instruction
(Task 1)

Explanation
Recruited one more professor (in total 4) in
order to obtain a more stable result that is
not influenced by one’s single opinion and
performance.
Due to the addition of one session and the
rescheduling of the original session 5, the
numbering of sessions changed. These
affected also the User IDs, as they were
assigned ordered by the date of the session.
Changed it from a system focused wording
with giving hints about the steps (“Enter the
class UI/UX 2018”) to “open the class UI/UX
2018”.

Deviations in the organization and preparation

Regarding the test conduction, the following changes occurred in the testing:
Deviation
1

2
3
4
5

Aspect
Session 1-2: time and location
changed
Session 3-4: ahead scheduled
time
Session 8: time and date
changed
Session 9: Location changed
Session 10: Time delay

Deviations in the test conduction

Explanation
Better fitting with participant’s schedule and
availability

Better fitting with researcher’s schedule
Availability and vacation of student
Availability of professor
Delayed lecture of professor

4. Participant demographics
Students
In total we have interviewed six students, with the following characteristics, shown in Table 1.
As you can see from the table, we have a balance in gender with each three interview partners. All
except one, who is a recent graduate, were current students. 3 students are additionally completing an
internship besides their studies. The academic experience varies from 1 to 6 years and the average is
4,3 years. Regarding the nationality we have had five European participants, out of which three are
Spanish, and one Indian participant. The average age of our interviewed students is 23,5 with also a big
range from 19 to 26.
Participant
Age Gender
ID

Occupation

Academic Experience
Nationality
[years]

Student 1

24

F

Student

5

Bulgarian

Student 2

26

M

Engineer, recently
graduated

6

Spanish

Student 3

19

M

Student, Intern

1

Dutch

Student 4

25

M

Student, Intern

5

Spanish

Student 5

24

F

Student

4

Indian

Student 6

23

F

Student, Intern

5

Spanish

Average

23,5

50%

4,333333333

Student characteristics

Concerning the IT experience and usage you can see that the students highly prefer to use a laptop for
university purposes, mainly due to the bigger screen. Also, all indicate to have a good or medium IT
experience, considering also their technical major, which was mostly Data Science. Moreover, besides a
laptop and smartphone, mostly they don’t use a third device as much and if so, a tablet for reading or
playing games. Regarding the daily usage there is a medium average, but comparing the individual
participants, you can see a huge difference in the hours of usage, ranging from 2 to 15hours in the case
of the smartphone. Also, almost all participants indicated, they would use the laptop more for work
and university purposes rather than in their free time.
Participant ID

IT Experience

Computer Use
[h]

Smartphone
Use [h]

Other devices

Student 1

good

4,5

3,5

iPod

Student 2

good

8

15

-

Student 3

medium

8

2

-

Preferred
Device for
University
Computer,
Phone, depends
on task
Computer (big
screen)
Smartphone

Student 4

very good

9

2

IPad

Student 5

medium

6

10

-

Student 6
Average

good

6,5
7

15
7,916666667

Tablet

Laptop (big
screen)
Laptop (big
screen)
Laptop

IT Experience and usage of students

The questions regarding the character should help us to evaluate, if they the individual’s character has
an influence on the system functions, e.g. introvert students using more the chat functions of the
system instead of asking the professor directly in public or organized students using the calendar
function. Three out of six students respectively answered to be outgoing or introvert and being
organized or unstructured. Four out of six students prefer to use technology instead of paper for
academic purposes.
Furthermore, five out of six students indicated, that they are not very satisfied with the current
university systems, because they operation problems, it is not intuitive or not well organized. These
already shows the necessity for improving the university system and provide new functions and
interaction possibilities.
The usual interaction in class takes place by asking questions or writing an email. Here you can also see
that it could depend from the character, i.e. that the introvert person would prefer to write an email
instead of asking in front the class.
The following infographic summarizes the students’ demographics in a visual way:

Figure 1: Summarized infographic of students’ demographics

Professors
In total we have interviewed six students, with the following characteristics, shown in Table 1.
As it can be seen from the table, the unanimity of the participants are males due to the technical topics
that they are teaching (the percentage of males in the scientific field is dramatically higher than the
ones of females). The participants have similar ages, between 36 to 45 years, having an academic
experience higher than 8 years, with an average of 13,75 which shows that the participants were
experienced in the Academic field. The participants are having Spanish nationality due to the location
of the study.
Participant
Age Gender
ID

Occupation

Academic
Nationality
Experience [years]

Professor 1 36

M

Lecturer

14

Spanish

Professor 2 44

M

Professor

18

Spanish

Professor 3 31

M

Professor

15

Spanish

Professor 4 45

M

Lecturer, Innovation
Director at UPM

8

Spanish

Average

39

100%

13,75

Professor characteristics

Concerning the IT experience, the professors indicated to have an experience higher that the user
level, considering also the technical field in which they are working. Regarding the preferred device to
be used for university, all of them said that they prefer the laptop mainly due to the big screen.
Moreover, besides a laptop and smartphone, all of them stated that they use a tablet in their free time.
Regarding the daily usage there is a medium average, but comparing the individual participants, you
can see a huge difference in the hours of usage, ranging from 2,5 to 12 hours in the case of the
smartphone, and an intense usage of computer, between 7,5 up to 12h per day. Also, almost all
participants indicated, they would use the laptop more for work and university purposes rather than in
their free time.
IT Experience and usage of professors

Participant
ID

IT
Experience

Professor 1

very good

10,5

2,5

Tablet

big screen

Professor 2

good

8

3

Ipad

Laptop

Professor 3
Professor 4
Average

good
user level

7,5
12
9,5

3
12
5,125

Tablet
Tablet

Computer
Laptop

Computer Use [h] Smartphone Use [h] Other devices

Preferred Device for
University

The questions regarding the character should help us to evaluate, if their individual’s character has an
influence on the system functions, e.g. introvert professors prefer to make quizzes during the class
instead of having an open discussion about a topic or organized professors using the calendar function
and reminders. There is a balance between the outgoing or introvert character among the professors,
50% of the participants saying that are introvert. Three out of four professors stated that they are
organized. All of the professors prefer to use technology instead of paper for academic purposes.
Furthermore, the professors that were not developing the system for the university (the one that was
responsible of it said that it was good, which was a bias answer) said that they are not very satisfied
with it. These already shows the necessity for improving the university system and provide new
functions and interaction possibilities.
The usual interaction in class takes place by asking questions and asking for feedback from the
students.
The following infographic summarizes the professors’ demographics in a visual way:

Figure 1: Summarized infographic of professors’ demographics

5. Results
a. First design: Mobile/Students
Effectiveness
The usability metric of effectiveness refers to how good a product is in what it is supposed to do, thus
is measured by whether the task was successfully completed or not and also if the task was carried out
without errors and if errors occurred, how many. Therefore, the criteria for the effectiveness of the
system design are task completion and number of errors. Whether the task was completed or not, was
evaluated by the observer in the following way: when the participant told, he has finished the task, the
observer compared the current state with the desired target state and based on this evaluated the
success of the task performance.
As you can derive from the below table, the number of average mistakes made by the participants are
relatively low, especially in Task 3 for the Voting none of the students made a mistake.
The high - compared to the other tasks - standard deviation of 1,21 in the task 2 of asking a question
through the system, derives from participant 1, who did three errors and finally was not able to
complete the task successfully, which is shown in the success rate of 83% for task 2. Thus, these errors
were critical, meaning they prevent the user to successfully complete the task. Apart from that all tasks
could be completed successfully by all participants.
Task

Task 1 – Class Setup
Task 2 – Ask a question
Task 3 – Vote
Task 4 – Food menu

Mistakes
(average)
0,6666666667
0,6666666667
0
0,3333333333

Mistakes (std. dev.)

Success rate

0,8164965809
1,211060142
0
0,5163977795

100%
83%
100%
100%

Average mistakes and success rates per task by students

The following graph shows the number of mistakes in each task, made by each individual participant.
As you can see, in the first two tasks the most mistakes were made, that is to say four mistakes
happened each in the first two tasks. In the first task three out of six participants made mistakes. In the
second task of asking a question through the system, only two participants made mistakes, but
participant 1 had problems in task, which is reflected in the high number of three mistakes compared
to all other participants. The third task seemed to be the easiest one, as no mistakes happened.
Moreover, you can see that participant 2 and 3 didn’t do any mistakes at all.

4

Number of mistakes per participant and task
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Figure 2: Number of mistakes per participant and task

Efficiency
The efficiency of the system design is measured by counting the number of actions needed for
completing the task and refers to the way a product supports a user carrying out their task. One action
is defined as one click/touch by the user on the user interface. A high number of actions thus would
indicate a low efficiency, as a long workflow is needed to achieve the task goal.
The table below shows the average needed actions per tasks, also comparing with the expected
number of actions. The expected number of actions are defined as the number of actions, which were
needed by the researchers to carry out the task when designing the paper prototypes and what they
considered the best way to reach the task goal in the system.
Comparing both the average needed actions and the expected number of actions you can see that the
users performed pretty much according to the expectations in all tasks. In the third task average 0.6
actions more were needed than expected, like also in the second task the average actions with 5,3
were above the expected actions of 4 for this task. In contrast, task 1 and 4 were performed according
to the expectations and also with a low standard deviation among the users.
Task

Actions (average)

Actions (std. dev.)

Task 1 – Class Setup
Task 2 – Ask a question
Task 3 – Vote
Task 4 – Food menu

5,833333333
5,333333333
2,666666667
5,166666667

0,9831920803
2,160246899
1,211060142
0,4082482905

Expected number
of actions
5
4
2
5

Average actions per task by students

The following graph clearly shows again the high standard deviation in task 2 with highly different
needed number of actions, ranging from 4 to 9 – the same as in task 3. In total you can also see from
the graph that the fifth participant sticks out concerning the number of needed actions, as he is above
average in three out of four tasks.

Elemental actions per task and participant
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Figure 2: Needed actions per task and participant

User satisfaction: SUS questionnaire
SUS score: 82,08
The above average SUS score of 82,08 indicates a general high satisfaction with the system, whereas
before the interpretation you should also take a look at the individual ratings by each user. There you
can see the high standard deviation of 8,28, which arises from very different ratings among the
participants, ranging from 70 by participant 1 to 92,5 by participant 5.
The individual answers and agreements/disagreements are displayed in the following table:
Strongly disagree Disagree Neutral Agree Strongly agree
1

2

3

4

5

1

0

1

0

4

1

2

3

2

0

1

0

3

0

0

1

4

1

4

6

0

0

0

0

5

0

0

1

3

2

6

5

1

0

0

0

7

0

0

0

3

3

8

2

3

1

0

0

9

0

0

1

4

1

10

3

2

0

1

0

Strongly disagree Disagree Neutral Agree Strongly agree
Results of the SUS questionnaire

The table states that the most participants mainly have a strong disagreement regarding the negatively
formed questions of support needed by a technical person (question 4) and inconsistency in the system
(question 6). However, you can also derive from the table that in the majority of the questions there is
no strong commitment to the questions, but mostly “only” an agreement (positive questions with
uneven numbers) or disagreement (negative questions with even numbers). Especially in each case of
frequent usage (question 1), easiness of use (question 3) and confidence during usage (question 9) four
out of six users agreed. Furthermore, there are only a few participants giving neutral answers, but
instead indicating at least a slight tendency of ratings.

General impressions of participants
What are the main problems and difficulties you have found while using this prototype?
The main problems among the participants occurred during transitions from one function or section to
another, especially from leaving the slides to ask a question and from voting going back to the main
menu to find the campus life and food menu. One participant stated not to prefer the mobile at all in
class.
Can you describe your overall experience with this prototype?
The overall experience for the students of using the first mobile design was easy to use, user friendly
and the system contained useful information, with a slight confusion at participant 2, as he expected
the professor to reply back to the question through the system.
How did you like the user interface design? [Text, Icons, white space…]
In general, the participants answered to find the user interface design good, simple and especially like
the icons and concentration on a few options. However, two found it confusing how to ask a question
or the wording of paperwork and academics.
How did you get along with the navigation structure?
Regarding the navigation structure three out of six students replied to miss a home button or found the
many back buttons unnecessary, also one participant found the drawer, bottom and top navigation at
the same time overwhelming.
How would you evaluate the set of functions being offered in the prototype?
The set of functions were evaluated as party useful and cool (Live Feature, Real Time Notifications) by
four participants, but also useless (Chat) by one participant. Also, it was positively indicated, that all
functions belonging to the university are found in just one app.
What would you improve in this prototype?
The possible improvements mainly concern the page navigation, e.g. by establishing a permanent
home button or a direct button on the slides to ask a question without having to leave the slides.
Besides, a suggestion was also to make the campus life section more visual by using also icons instead
of text.

Relevant observations made
For the mobile design the following observations were made for the students’ test:
No.

Type of observation

1

Navigation

2

Main Menu

3

Chat

4

Slides

5

Real Time Notification

Details
Missing Home Button, many participants tried to go back
many times to reach home screen or wanted to use the
system buttons of Iphone or Android (which they are
familiar with)
Classes were considered as main menu instead of the
navigation hub of campus life, academics and paperwork
Confusion about Chat or Message, public or private chat
with professor
Confusion whether slides are more a multimedia content
and auto play (like Youtube) or a standard presentation
(like PPT)
Students felt comfortable and guided receiving the pop
ups

Observations made during the testing of the Mobile design

b. First Design: Mobile/Professors
Effectiveness
As you can derive from the table below, the number of average mistakes made by the participants are
relatively low. These is an indicator for an effective system, as 3 out of the 4 tasks were completed
without any mistake by all participants. The rate of success is 100% on all of the 4 tasks and except of
the Task 3, where the standard deviation is 0,5 because there was a mistake done during the test by
the participant 2, the standard deviation on the other 3 tasks is 0.
Task

Task 1 – Class Setup
Task 2 – Chat
Task 3 – Reward
Task 4 – Create Voting

Mistakes
(average)
0
0
0,25
0

Mistakes (std. dev.)

Success rate

0
0
0,5
0

100%
100%
100%
100%

Average mistakes and success rates per task by professors

The graph clearly shows the high effectiveness of the system, with 0 mistakes for 3 out of 4 tasks. Only
participant 2 did one non-critical error during the task of rewarding a student by clicking on activities
instead of the intended quick evaluate function.

Number of mistakes per participant and task
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Figure 3: Number of mistakes per participant and task

Efficiency
As you can derive from the table below, the number of expected number of action matches with the
average number of actions performed by the participants for the task 1 and task 2 having a standard
deviation of 0. There is a standard deviation of 1,414 for the tasks 3 and 4, with an average of action
performed bigger than expected.
Task

Actions (average)

Actions (std. dev.)

Task 1 – Class Setup
Task 2 – Chat
Task 3 – Reward
Task 4 – Create Voting

3
1
5
7

0
0
1,414213562
1,414213562

Expected number
of actions
3
1
4
6

Average actions per task by professors

The graph clearly shows that the tasks of setting up the class (task 1) and open the chat (task 2) to read
a question from a student requiring a low number of actions (three respectively one), are completed
within the expected number of actions the by the all participants. In case the tasks are more complex,
thus requiring a higher number of steps, the users need more actions than expected.
Also participant 1 needs in total the most number of actions to complete the task, especially for task 3
and 4 he his above average with 7 respectively 9 needed actions.
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Figure 4: Needed actions per task and participant

User satisfaction: SUS questionnaire
SUS Score: 85,63
The above average SUS score of 82,08 indicates a general high satisfaction with the system, with a low
standard deviation of only 3,75. Two users evaluated the usability of the system with a total SUS score
of 82,5, one with 87,5 and one with 90.
The individual answers and agreements/disagreements are displayed in the following table:
Strongly disagree Disagree Neutral Agree Strongly agree
1

2

3

4

5

1

0

0

1

1

2

2

2

2

0

0

0

3

0

0

0

3

1

4

3

1

0

0

0

5

0

0

0

4

0

6

3

1

0

0

0

7

0

0

0

2

2

8

4

0

0

0

0

9

0

0

0

3

1

10

3

0

0

0

1

Strongly disagree Disagree Neutral Agree Strongly agree
Results of the SUS questionnaire

From the SUS table we can see that the participants have strong opinions about the prototype, they
either agree or disagree with the question, as there is just one neutral answer.
The participants evaluated the system as easy to use (question 3) and in a strong percentage that the
system is not inconsistent (question 6), that they would not require additional training or support from
a technical person (question 4). Especially all four professors agree the system functions being well
integrated (question 4) and disagree with the system to be cumbersome (question 8).

General impressions of participants
What are the main problems and difficulties you have found while using this prototype?
The main problem with the prototype was that the participants were in doubts if they would use the
phone during class or not. The voting section was hard to find, not expected to be in the activities
category in the bottom bar. Furthermore, one participant indicated to feel overwhelmed by all the
information provide on a small screen.
Can you describe your overall experience with this prototype?
All of the participants said that the overall experience with the prototype was good, the actions were
easy to perform, and they were intuitive, but only one user indicated not to feel so sure about what he
was doing.
How did you like the user interface design? [Text, Icons, white space…]
The users evaluate the design as being simple, that it follows the standards, they appreciated the
known elements like hamburger menu and side bar but also the new elements like slide preview and
the note taking. On the other hand, they thought the system to be crowded in some parts.
How did you get along with the navigation structure?
The navigation is sometimes confusing with the two options (hamburger menu and bottom navigation).
The voting was not intuitive but for the other task it was easy and fast.
How would you evaluate the set of functions being offered in the prototype?
The participants evaluated the set of functions being offered by the prototype as being according to
what they would expect from such a system, a complete system and that the set of function is
appropriated for classroom usage. Especially they pointed out the simple quick evaluation function, but
on the other hand had doubts on taking notes on the slides on a small device like a mobile.
What would you improve in this prototype?
The participants proposed some improvements that can be summarized as followed:
• Reward function inside chat
• Voting split into different screens with a guided process
• Additional material section
• Wall of the class (like forum)

Relevant observations made
For the mobile design the following observations were made for the professors’ test:
No.

Type of observation

1

Attendance

2

Slides

3

Chat

4

Rewarding

5

Lecturing

Details
The professors liked the simple scrollable list with the
status light (green or grey) indicating the attendance
status
The professors were not sure whether they have to click
play or not. As the lecturer they want to control the speed
of the slides by themselves
Three out of four professor had doubts to answer the
questions during they are lecturing.
All four professors rewarded the students in different
ways through the system, which was not expected.
In general, all participants showed doubts of being
distracted interacting with the device while holding a
lecture.

Observations made during the testing of the Mobile design

c. Second design: Desktop/Students
Effectiveness
As you can derive from the below table, the number of average mistakes made by the participants are
very low, especially in task 3 for the voting and task 4 for finding the food menu none of the students
made a mistake.
The standard deviation of 1,033 in the first task is high compared to all other tasks.
All tasks could be completed successfully by all participants.
Task

Task 1 – Class Setup
Task 2 – Ask a question
Task 3 – Vote
Task 4 – Food menu

Mistakes
(average)
0,6666666667
0,1666666667
0
0

Mistakes (std. dev.)

Success rate

1,032795559
0,4082482905
0
0

100%
100%
100%
100%

Average mistakes and success rates per task by students

The following graph shows the number of mistakes in each task, made by each individual participant.
As you can see, only in the first two tasks errors occurred. Students 1 and 5 made each two mistakes in
the first task of the class setup and participant 4 made one mistake in asking a question in the chat by
not knowing how to leave the full screen mode of the slides.

Students 2,3 and 6 didn’t do any mistakes at all.
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Figure 5: Number of mistakes per participant and task

Efficiency
Comparing both the average needed actions and the expected number of actions you can see that the
users performed pretty much according to the expectations in all tasks, but in all tasks the needed
actions are slightly above the expected number of actions.
Furthermore, the standard deviation of 1,17 in task 3 sticks out, as there is a range from 2 to 5 needed
actions.
Task

Actions (average)

Actions (std. dev.)

Task 1 – Class Setup
Task 2 – Ask a question
Task 3 – Vote
Task 4 – Food menu

5,5
2,833333333
2,833333333
3,5

0,8366600265
0,9831920803
1,169045194
0,5477225575

Expected number
of actions
5
2
2
3

Average actions per task by students

The bar chart above shows that in the first task four out of six students performed according to the
expectations with 5 needed actions.
For task 4 you can recognize that the uneven user IDs (student 1,3, 5) all needed 4 and the even user
IDs all needed 3 actions (student 2,4,6).
For the simple second and third task users 2 and 3 both needed above average actions. In general, you
can derive from the chart that participant 5 needed the most actions to complete the task.
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Figure 6: Needed actions per task and participant

User satisfaction: SUS questionnaire
SUS score: 88,33
The above average SUS score of 88,33 indicates a general high satisfaction with the system, whereas
the relatively high standard deviation of 6,65 with SUS scores ranging from 80 (participant 1 and 3) to
95 (participant 6) sticks out.
The individual answers and agreements/disagreements are displayed in the following table:
Strongly disagree Disagree Neutral Agree Strongly agree
1

2

3

4

5

1

0

0

1

2

3

2

4

2

0

0

0

3

0

0

1

2

3

4

6

0

0

0

0

5

0

0

0

4

2

6

5

1

0

0

0

7

0

0

0

3

3

8

3

2

0

1

0

9

0

0

0

2

4

10

5

0

0

1

0

Strongly disagree Disagree Neutral Agree Strongly agree
Results of the SUS questionnaire

The table states that all students have strong opinions, as to say disagreement or agreement instead of
a neutral opinion (only two cases) towards the system. In particular the users find the system not very
complex (question 2) and all six users disagree with needing help to use the system (question 4).
Furthermore, they don’t find inconsistencies (question 6) and that they didn’t need to learn many
things before using the system (question 10).
Nonetheless, regarding the positive questions 1,3,5,7 the users don’t show such a strong agreement,
but rather a “normal” agreement in terms of frequent usage, easiness of use, integration of functions
and speed of learning.
Four out of six participants are very confident to use the system.

General impressions of participants
What are the main problems and difficulties you have found while using this prototype?
The main problems for the desktop design can be summarized as followed:
• Confusing wording/terminology: academics vs. paper work
• Cluttered, overwhelming design
• Differentiation of chat with colleagues and ask the professor
•
Can you describe your overall experience with this prototype?
Overall the students describe the system as easy to use, very clear what to do and that, due to the
bigger screen size you have already all options available.
How did you like the user interface design? [Text, Icons, white space…]
The user interface design was received as user friendly and straight forward. Especially, the visual icons
with good function descriptions and simplicity to have everything in one screen were evaluated
positively. One participant described the left side bar with the profile as cluttered.
How did you get along with the navigation structure?
The navigation structure of the desktop design was estimated two-fold by the students: on the one
hand, they found it clear and useful, especially the fact of being a single page app which is easy to
navigate; on the other hand, one participant was overwhelmed by all the offered functions and needed
time to realize everything.
How would you evaluate the set of functions being offered in the prototype?
The students found the functions offered in the desktop design satisfying and good. They mainly
stressed out positively the possibility of having all functions available at the same time and having one
application for all university related things.
What would you improve in this prototype?
The students suggested the following improvements:

•
•
•
•

Wording/terminology: indicate details what is behind each section or change names (e.g.
academics and paper works)
Layout in some screens to be more clean
No need of all functions
Slide navigation

Relevant observations made
For the desktop design the following observations were made for the students’ test:
No.

Type of
observation

1

Guidance

2

Slides

3

Chat
1.

Details

Regarding the pop-ups, which guided the students through the lecture, the users didn’t feel
annoyed like with advertisement pop-ups, but rather comfortable and confident not to anything
wrong.
In the slides section the students felt familiar with the way the slides are presented and how to
take notes, because they already know it from PowerPoint.
However, they also acted not very confident regarding the auto play, or if they are able to
change the slides by themselves and if the slides are embedded and will stay when they click on
another button.
The students felt very confident using the chat function, as they are used to the chat bar from
e.g. Facebook.
However, many students had doubts in terms of anonymity, so to say whether they would ask
the professor privately or the whole class can see the question.

Observations made during the testing of the desktop design

d. Second design: Desktop/Professors
Effectiveness
The number of errors using the desktop system is very low. The average mistake of the first two tasks is 0 and for the third
and fourth task is only 0,25, which implies a low standard deviation. All tasks could be successfully completed by all professors,
which leads to an overall success rate of 100% for all tasks.
These numbers are displayed in the following table:
Task
Mistakes (average) Mistakes (std. dev.)
Task 1 – Class Setup
0
0
Task 2 – Chat
0
0
Task 3 – Reward
0,25
0,5
Task 4 – Create Voting
0,25
0,5
1. Average mistakes and success rates per task by professors

Success rate
100%
100%
100%
100%

The bar chart below indicates that in total only two non-critical mistakes happened: participant 1 did a mistake in the task 3
of rewarding a student and participant 4 in the last task of creating a voting.

Figure 3:Number of mistakes per participant and task

Efficiency
Generally, the number of actions generated by the participants is close to the expected number of actions. For the first and
fourth task, the standard deviations are relatively high, with clicks ranging from 2 to 6 (with no errors) for the first task. In the
fourth task the high standard deviation derives from the high number of needed actions of participant 4, while all other three
participants met the expectations of 6 needed actions.
For the third task the average number of actions differs the most from the expected one with almost needed the double
amount of actions (3,75) compared to the expected number (2).
Task
Actions (average)
Task 1 – Class Setup
3,5
Task 2 – Chat
1,5
Task 3 – Reward
3,75
Task 4 – Create Voting
7
1. Average actions per task by professors

Actions (std. dev.)
1,732050808
1
0,9574271078
2

Expected number of actions
2
1
2
6

The graph clearly shows that all tasks are performed quite differently among the participants.
Participant 3 for example, needed 6 instead of 2 expected actions in the first task, but performed according to the average in
the rest of the tasks. Professor 2 performed the most according to the expectations and Professor 4 in total needed the most
actions to complete the tasks with being above expectations in every single task.

User satisfaction: SUS questionnaire
SUS Score: 88,13
The above average SUS score of 88,13 indicates a general high satisfaction with the system, with a medium standard deviation
of only 5,54, with a range of individual SUS scores between 80 and 92,5.
The individual answers and agreements/disagreements are displayed in the following table:

Strongly disagree Disagree Neutral Agree Strongly agree
1

2

3

4

5

1

0

0

2

1

1

2

1

3

0

0

0

3

0

0

0

3

1

4

4

0

0

0

0

5

0

0

0

3

1

6

4

0

0

0

0

7

0

0

0

1

3

8

3

1

0

0

0

9

0

0

0

3

1

10

4

0

0

0

0

Strongly disagree Disagree Neutral Agree Strongly agree
Results of the SUS questionnaire

From the SUS table we can see that the participants have strong opinions about the prototype, they either agree or disagree
with the question with only two neutral answers.
All four participants evaluated the system with no support needed (question 4), no inconsistency (question 6) and no need to
learn a lot of things before they could get going with this system (question 10).
Also, three professors agree and one professor strongly agrees in terms of easiness to use (question 3), good integration of
the functions (question 5) and confidence using the system (question 9).
Three professors strongly agree, the system to be easily learnable (question 7).

General impressions of participants
What are the main problems and difficulties you have found while using this prototype?

Wording was one of the biggest problem that the participants struggled with. Further problems were stated as some functions
may not be used daily by the professor and the fact that the laptop might create a barrier between the students and the
professors.

Can you describe your overall experience with this prototype?

All of the participants said that the overall experience with the prototype was good, the actions were easy to perform, and
they were intuitive, but not surprising.

How did you like the user interface design? [Text, Icons, white space…]

Opinions here were different. One participant finds the design is too traditional, two participants supportive, simple and clear
with a modern card design. Finally, one participant claims that the UI is more or less standard.

How did you get along with the navigation structure?

All participants agree that navigation structure was well designed and helpful and known with a side bar. Additionally, it was
appreciated by the users that the navigation tree is not deep.

How would you evaluate the set of functions being offered in the prototype?

The participants evaluated the set of functions being offered by the prototype as being sufficient and according to what would
expect from such a system and suggested some improvements like reducing the number of options or a more complete
profile of the student and a section for uploading additional material for the students.

What would you improve in this prototype?

The participants proposed some improvements that can be summarized as followed:
•
•
•
•
•

All functions should be in the same place (timer, search, rewards, chat) not spread in different parts of the screen
A detailed profile of the student, a profile that contains also a photo of the student to recognize the student in the
system
Different filter and ordering options for the students in the attendance list
Different representation of the slides page
Details in voting results and the possibility to see what each student has voted

Relevant observations made
For the desktop design the following observations were made for the professors’ test:
No.

Type of
observation

1

Attendance

2

Slides

3

Chat

4

Rewarding

5

Lecturing

Details

The professors wondered, how the students are sorted and if ON/OFF indicates the attendance
status.
The professors were not sure whether they have to click play or not. As the lecturer they want
to control the speed of the slides by themselves.
The users showed they could feel disturbed by the notifications, during their lecture and not
having the time to answer because they still need to guide the lesson.
One professor found a shortcut way to reward a student, which was not identified by the
researchers before.
In general, all participants showed doubts of being distracted by interacting with this big device
while holding a lecture.

Observations made during the testing of the desktop design

Result analysis

Based on the data showed in chapter 5, we will continue with the analysis. The goal is to compare both systems and identify
the “winner” considering the main usability problems. We will also make an interpretation on issues related to the mismatch
between the systems and the mental model of the participants.

1. Students
Effectiveness analysis
As we can see on the below table, overall the average number of occurred mistakes is quite low in both designs. The most
effective task seems to be task 3 of taking part in a voting with zero mistakes occurred in both prototypes. This could be due
to the fact that the students are guided here through the process with appearing pop-up windows so that they are obliged to
press keys and cannot do so much wrong.
If you take a look at the standard deviation of the first two tasks, you can see quite high values due to the different
performance among the students. For task 1 it was interesting to see that the errors occurred mainly in the very beginning,
when the students had to choose a category in the first screen between “Academics”, “Paperwork” and “Campus Life” to
start. The respective errors of clicking on the wrong section (paperwork instead of academics) always happened only in the
prototype, which was tested first for the participants, as for the second test, they already knew where to go. Both, student 1
and 5 did follow-up mistakes in the first steps for the slides, so that also explains the desktop standard deviation for task 1.
In task 2 the high standard deviation derives clearly from participant 1 who made three mistakes when trying to ask the
professor. Interestingly, the user could indeed identify the chat function after a while but was not sure about its functionality.
Task
Task 1
Task 2
Task 3
Task 4

Mobile
Mistakes (average) Mistakes (std. dev.)
0,33
0,5163977795
0,67
1,211060142
0
0
0,33
0,5163977795

Comparison of the mistakes occurred in both prototypes

Desktop
Mistakes (average) Mistakes (std. dev.)
0,67
1,032795559
0,167
0,4082482905
0
0
0
0

Regarding the completion rate of the tasks, both prototypes could be handled quite well and with one exception all tasks
could be completed successfully. Participant 1 struggled with trying to ask the professor through the system as the user
expected to directly be able to ask, in the slides on the correspondent slide, where something was unclear. Thus, the user
first didn’t leave the slides but tried to find a button inside it. Apart from that, the participants had no problems with
completing the tasks successfully.

Task
Task 1
Task 2
Task 3
Task 4

Mobile
100%
83%
100%
100%

Desktop
100%
100%
100%
100%

Completion ration of the task in both prototype

The below bar chart visualizes the average number of mistakes per task and prototype. As you can see in average for the
mobile prototype more errors occurred throughout all tasks.
Here you have to take into account, that for the second and fourth task in the mobile prototype, two actions more are
expected than in the desktop version, thus this could influence the number of mistakes.
Still, the researchers identified, that the more expected actions in the mobile version are not the main source of risk of making
mistakes, but rather it was caused by the deeper navigation structure of having not all options at the same time in one screen
and the different integration of the functions and buttons. Of course, these aspects may imply more mistakes, but we would
not trace it back to the number of required actions, instead to the setup of the user interface, as you could easily implement
the functions differently on the mobile, e.g. by providing a permanent home button.
Thereby, especially for task 2 and 4 the students needed to leave one section in the mobile to reach the goal, whereas on the
desktop e.g. the chat directly overlaid the slides when clicking on it and also the home screen, to reach the campus life and
food menu section was reachable easier.

Comparison of the occurred mistakes in both prototypes

After all, taking into account the average number of mistakes, standard deviation and completion rate it can be concluded
that the effectiveness is slightly in favor of the desktop prototype.

Efficiency analysis

Task
1
Task
2
Task
3
Task
4

Actions
(average)

Mobile
Actions (std.
dev.)

Actions (% of
expected)

Actions
(average)

Desktop
Actions (std.
dev.)

Actions (% of
expected)

5,83

0,9831

117%

5,5

0,8366

110%

5,33

2,1602

133%

2,83

0,9831

142%

2,66

1,2110

133%

2,83

1,1690

142%

5,16

0,4082

103%

3,5

0,5477

116,65%

Comparison of the efficiency of both prototypes

From the table above, we can see that the students needed to perform more actions than expected for all of the four tasks,
on both of the prototypes. The ratio of the expected actions exceeds 100% for all of the tasks; the tasks of asking a question
to the professor (task 2) during the class and voting (task 3) on the mobile system exceeding the most the desired number of
steps. One of the reasons being that the students were confused by the wording used in the prototype and for the voting task
one of the reasons would be, that it followed the task of asking the question to the professor, on which they might have
become confused and lost some of the trust.
Comparing the averages from the table, it seems that the desktop system would be more efficient, as the averages of steps
that are done by the students are lower, because of the fact that the two designs require different numbers of actions in task
2 and 4. On the mobile phone the users would have needed more steps for these tasks, as the navigation is deeper, and you
cannot access all functions from each screen. Some functions like the Chat are only equipped with a back button. Thus, we
have to take a closer look on the relative numbers, how the participant performed towards the expected number of actions.
This ratio is shown in the following graph.

Ratio needed/expected actions per prototype and task

As it can be seen from the bar chart, analyzing the relative efficiency, it turns out to be that the mobile design is slightly more
efficient than the desktop one. This might me due to the simpler design of the mobile prototype which has less functions and
the student is not tempted to explore the system in order to finish the task.

Analysis of user satisfaction (SUS questionnaire)
Comparing the SUS scores of both prototypes and thus the received usability of the systems, you can recognize a slight
preference of the desktop design with a SUS score of 88,33, but still also the mobile design achieved a score way above
average.
SUS Score

Mobile
82,08

Desktop
88,33

SUS Scores of both prototypes

Based on different researches, the SUS score above 68 is meant to be a usability above average. However before interpreting
the results, one has to consider that the SUS score doesn’t represent a percentage out of 100, but rather should be seen in a
percentile ranking, which means an nth percentile is the smallest score that is greater than a n percentage of all scores. In
other words, the percentile ranking shows, how your system performs relative to other systems, therefore a score of 68
indicates a percentile ranking of 50%, meaning 50% of the other systems are better and 50% are worse.
Thus, both prototypes are seen very much above average compared to similar systems, meaning for the mobile prototype
only 18% and for the desktop design only 12% perform better.
Now each SUS question is analyzed individually comparing the students’ rating for both prototypes.
The below table shows the evaluation of the likeliness of using the system frequently. For the mobile system, participant 1
disagreed, probably because this user couldn’t finish one task successfully and thus doesn’t like to use the mobile design of
this system. The same user also rated neutrally regarding the desktop system, which might be due to his bad experience
with the other prototype during the test.
Apart from that all users agree or even strongly agree on this question in a slight favor of the desktop design with three out
of six students strongly agree.
1.

I think that I would like to use this system frequently.
Strongly disagree Disagree Neutral Agree Strongly agree
Mobile
0
1
0
4
1
Desktop
0
0
1
2
3
SUS rating of frequency of usage

Regarding the system complexity the majority of the students strongly disagreed with finding the system unnecessarily
complex. However, there is one outlier that participant 3 finds the mobile prototype complex. The reason for this could be
the missing home button and the confusion about using the chat or message function to ask the professor
2.

I found the system unnecessarily complex.
Strongly disagree Disagree Neutral Agree
Mobile
3
2
0
1
Desktop
4
2
0
0

Strongly agree
0
0

SUS rating of system complexity

Also, the most students prefer slightly the desktop design over the mobile one for the question, if the system was easy to use.
As you can see from the below table, three students strongly agreed for the desktop one, for the mobile version only one.
Again participant 1 voted neutrally for both systems, maybe again due to his negative experience in one task.
3.

I thought the system was easy to use.
Strongly disagree Disagree Neutral
Mobile
0
0
1
Desktop
0
0
1

Agree
4
2

Strongly agree
1
3

SUS rating of easiness to use

As can derive from the table below, in both prototypes none of the students require help of a technical person to be able to
use the system. If you put this in a higher context, it would be fatal, if the results would have been turned out contrary, since

a university system, normally used on a daily basis, should rather support in daily tasks than requiring additional help to
operate the system.
4.

I think that I would need the support of a technical person to be able to use this system.
Strongly disagree
Disagree
Neutral
Agree
Strongly agree
Mobile
6
0
0
0
0
Desktop
6
0
0
0
0
SUS rating of requiring support

Regarding how well the functions are integrated in the system, you can again recognize the pattern of a slight preference for
the desktop design:
5.

I found the various functions in this system were well integrated.
Strongly disagree Disagree Neutral Agree Strongly agree
Mobile
0
0
1
3
2
Desktop
0
0
0
4
2
SUS rating of function integration

If you take a look how the users rate the inconsistency of the system, you can see, that for both prototypes five out of six
students strongly disagree. Participant 3 again showed a modest negative attitude towards both systems, like in question 2:
6.

I thought there was too much inconsistency in this system.
Strongly disagree Disagree Neutral Agree Strongly agree
Mobile
5
1
0
0
0
Desktop
5
1
0
0
0
SUS rating of system inconsistency

In terms of the learnability the users’ opinions show agreement, but a tie between “only” agreement and strong agreement
for both designs. Participants 3 and 6 agree for both.
7.

I would imagine that most people would learn to use this system very quickly.
Strongly disagree
Disagree
Neutral
Agree
Strongly agree
Mobile
0
0
0
3
3
Desktop
0
0
0
3
3
SUS rating of learnability

Regarding the inconvenience or cumbersomeness of the system, there is a disagreement in both prototypes. However, in the
desktop version three people strongly disagree and two people disagree, whereas for the mobile design it is just the other
way around.
There is an outlier for participant 4 in the desktop version, where the user agrees to the cumbersomeness of the system. This
could be explained by the fact that, this user asked twice about the meaning of cumbersome and maybe interpreted wrongly,
as also the desktop prototype was the first to be tested by participant 4.
It needs to be mentioned that four out of six students asked about the term cumbersome, so their own interpretation might
have influenced the rating as well.
8.

I found the system very cumbersome to use.
Strongly disagree Disagree Neutral Agree
Mobile
2
3
1
0
Desktop
3
2
0
1

Strongly agree
0
0

SUS rating of the cumbersomeness

As the below table shows, four out of six participants strongly agree for the desktop prototype, whereas in the mobile only
one user strongly agrees. Thus, the user felt more confident with the desktop prototype. One reason for this could be the

better overview and less hierarchy of the system compared to the mobile version, where some functions could be hidden in
a menu or in a deeper navigation and not visible at first sight.
9.

I felt very confident using the system.
Strongly disagree Disagree Neutral
Mobile
0
0
1
Desktop
0
0
0

Agree
4
2

Strongly agree
1
4

SUS rating of the confidence

For the last SUS question, which is about whether the user needed to learn a lot before he could get going with this system,
you can see that the desktop version is again a clear winner, as five out of six participants strongly disagree.
For both systems there is an outlier: participant 3 agrees to have needed to learn a lot in order to be able to use this system.
The interpretation could be that this user was by far the youngest (19), with the less academic experience and maybe was
not used to use this kind of system to such an extent, as the other students, who were older and had more academic
experience.
10.

I needed to learn a lot of things before I could get going with this system.
Strongly disagree
Disagree Neutral Agree
Strongly agree
Mobile
3
2
0
1
0
Desktop
5
0
0
1
0
SUS rating of previous experience and knowledge

If you consider the overall SUS score as well as the individual SUS questions you can conclude that the students are more
satisfied with the desktop prototype, than with the mobile one, especially in terms of these aspects of system usage:
•
•
•
•
•

Frequency
Complexity
Easiness
Confidence
Previous experience and knowledge

Analysis of general impressions of participants
What are the main problems and difficulties you have found while using this prototype?

The main problem that was faced by the students was the confusion among the Academics and Paperwork sections. Their
interpretation was that the Academics section would be for professors instead of students. The wording was not familiar for
the students and they did not know what they are going to find in Campus Life or Academics sections. Another problem that
was found during the test was the name of the chat in the Mobile prototype. The students were not sure if that chat was a
public one and everybody could see what they were writing or to whom it was addressed. This issue was not faced on the
desktop prototype as the button was called “Ask the professor”. For the Mobile prototype, they didn’t like the fact that they
had to leave the slides to ask a question and they would prefer to have a button directly in presentation for that.
Several participants stated that they would not use phone during lessons, only maybe to check small things like menu or
schedule.

Can you describe your overall experience with this prototype?

The participants evaluated the overall experience with the prototypes as good, finding is easy to use, with simple interaction,
fast to get the expected result and user friendly. Even if it is easy to use, and fast to learn the system contains useful
information, each step had buttons for interaction, they get suggestions according to their schedule in real time. The
participants found the experience on the Desktop prototype as more pleasant as they had more information on screen, you
have more options available at the same time and easier navigation through the sections.

How did you like the user interface design? [Text, Icons, white space…]

Regarding the design of the user interface, the students said that it was quite straight forward, simple and very user friendly.
The participants appreciated the big round icons and the description on the Desktop version of the functions as it made them
clear and pleasant to use. As the system has an interface that is very graphic with blank spaces, it is easy to find your way in
order to complete the task. On the both prototypes, sometimes the students found the screen cluttered, asking for less
options or a more ordered one and in the Campus life section they were expecting to have the options ordered alphabetically
or by importance.

How did you get along with the navigation structure?

Regarding the navigation structure inside the prototypes, we can see that the Desktop version is better, as the feedback from
the students was that there are not many clicks needed, that is clear, they could find results easy and as it is a single page
app, it is preferred instead of the mobile one. Regarding the navigation on the mobile the participants disliked that they had
to use the back option to reach the overview. The Quick Home option was missed by all of the participants. To improve the
navigation, one improvement would be to sort the options alphabetically or by importance as all of them struggled with this
issue.

How would you evaluate the set of functions being offered in the prototype?

The set of functions that were offered in the prototype were very well received by the students. They found them useful and
liked the fact that they could find everything related with the university in the same application. The live feature was
appreciated as efficient and that helped them to reach the desired result faster. The fact that both of the applications offer
almost the same functions and that the Mobile app is not just a simplified version of the Desktop one made them independent
from each other, the user not being forced to use a certain device in order to do a task.

What would you improve in this prototype?

The improvements that were suggested for the prototypes are the following:
•

Change the names of the section to something more clear and understandable to the student as the current ones:
Academics, Paperwork and Campus life were confusing for the students.
• Inside of the Campus life sections additional to the description of the functions, suggestive icons could be added.
• The home button should have a more visible position on the page.
• The layout should be less crowded, a minimalist look would be preferred.
The mobile prototype should additionally have:
•

Include a direct button in slides to ask a question, so that it is not necessary to exit the slides sections in order to
interact with the professor.

Which is the prototype that you prefer? Why?

Asked about the preferred system, the majority said that they would go for the Desktop version as it felt much neater to use
this type of application on the computer, on the big screen they can see more information, context, more clear descriptions
and also it is faster to do a task on it. Another argument that the participants had was that they feel that it is disrespectful to
use a mobile during the class and it also very difficult to take your own notes on it. The participants said that even that they
prefer the desktop one, they would use the mobile one for small tasks such as checking the menu when they are outside of
the class.

What or which functions have you liked the most of each prototype?

The most preferred features of the both prototypes were the real time notifications that make the interaction faster and
smoother, the live features, the easy navigation between screens and the possibility of asking a professor on a different chat.
Some other features that were appreciated by the students were the voting and quiz sections which make the class more
interactive and motivate the students. The feature that was associated especially with the mobile prototype is the sections
Campus Life, students finding very useful the possibility to check the food menu from the app.

If you had one wish free, what or which function would you like to have for such a system?

The students were satisfied with the two-tested system but they suggested the following additions to the system:

•
•
•
•
•

Easy accessible schedule so that they could check it with no effort from the app.
The floor plans of the building so that they can find the rooms where their classes are held.
Recording of the lectures so that they can revise the content again from home.
The possibility to get automatic feedback for the submitted assignments (e.g. integrated compiler for the software
projects).
A section where people would offer their tutoring services to other students (pro bono or payed).

Considering the answers that were provided to the questionnaire, the desktop prototype is preferred by students instead of
the mobile one. This conclusion was reached taking into account the context of use, the preferred device of the participants,
the complexity and frequency of the tasks and their confidence of using a certain platform. Because of the fact that the mobile
phone still seems just a tool for entertainment and chatting with others, the students said that they would not dare to use it
in the class neither for academic purposes.
Even if the two prototypes have approximately the same features, the desktop one offered a better experience regarding
the navigation, which was clear not many clicks needed to find the desired results and easy as it is a single page application.
Another important factor for the students was the amount of information displayed on the screen and the number of available
options at the same time on the screen.

Summary of usability problems per prototype

The below table provides an overview about the main identified usability problems of each prototype, summarized from the
previous analyses and the observations and impressions stated in chapter 5.
The issues are sorted by relevance, starting from 1 (=very relevant) with decreasing relevance. How relevant the individual
issue is, was determined by the frequency of appearance (how many users dealt with or detected this issue) and additionally
by the researchers’ impressions.
Mobile
No.

Issue

1

Navigation

2

Design

3

Efficiency

4

Accessibility

5

Practicability

6

Terminology

7

User Control

8

Previous
knowledge

Details
Too deep navigation, back
buttons, transition to another
section, navigation hub main
menu not recognized as such
Small screen packed with
information, visual icons missing
Due to navigation:
High amount of needed actions

Desktop
No.

Issue

1

Terminology

2

Functionalities

3

Design

Due to navigation: hard to access
certain functions

4

User Control

Taking notes on slides on a mobile
phone is cumbersome.

5

Previous
knowledge

Paper work/academics, Chat vs.
Messages
Guidance through the system and
power over slides (self-control vs.
auto play)
Academic experience / familiarity
with such system and age could
affect usage

Details

Chat with colleagues vs. Chat
with professors
Paper work/academics
Big amount of offered functions
not necessary
Cluttered/Overwhelming
Guidance through the system
and power over slides (selfcontrol vs. auto play)
Academic experience / familiarity
with such system and age could
affect usage

9

Error
recovery

No possibility to reset or recover
from mistakes

10

Anonymity

11

Influence of
Character

Private or public chat
Character may influence the
usage of functions such as Chat
(outgoing person would not use
it) or taking notes (prefer paper)

15.

Comparison and ranking of the identified usability problems

The found issues are now described in detail and the ranking in both prototypes is justified.
Navigation The biggest usability problem concerned the navigation structure on the mobile phone. The users faced problems
with the deep navigation, the fact that functions (e.g. home button) were not accessible from every screen but rather needed
to go back many times. Some were also confused about the importance and meaning of the different navigations of top,
bottom bar. and side drawer. Also, the navigation hub that divides the three main sections of academics, paperwork and
campus life was not recognized but the users thought the class overview were the main screen. Moreover, the student face
issues when they had to navigate from one section to the other, e.g. from slides to chat or from voting to food menu.

The problems in the navigation for the mobile implied further usability problems such as Efficiency and Accessibility as mainly
due to the provided or missing navigation possibilities the users needed to perform more actions or didn’t discover the
functionalities at first sight.
Design the user interface design on the mobile (2nd ranked issue) is seen even more important than on the laptop (4th ranked
issue) as on the mobile you don’t have so much space to place elements and therefore you need to take more care to provide
a usable design, whereas on the desktop you have more space to place the elements. On the mobile many people found it
packed and too much information on small space and some visual icons, especially in the campus life were missing. In the
desktop some found it cluttered and overwhelming. This implied another important issue on the desktop design, the offered
Functionalities which some students think there are too many functions not necessary. This is the 2nd ranked issue on the
desktop, since it has an influence on the understanding of the system.

Another usability problem on the mobile system concerns the Practicability of taking notes on slides on a mobile (5th ranked
issue). Typically, typing or using a keyboard is much less convenient on a mobile than on a laptop, such for this kind of tasks
of using slides there should be other options to add notes such as speech recognition.
Terminology the most important issue on the desktop affected the terminology. Due to the more functions offered, the
students could get confused which one to choose (e.g. chat with colleagues or ask the professor.), whereas on the mobile
prototype, where sometimes icons were provided without a description, the terminology played not such a big role. Also, the
main section of paper work and academics were mixed up and should be improved by e.g. providing an additional description
what is inside the section or choosing more meaningful terms such as “Classes” or “Getting administrative stuff done” with
additional descriptions of “schedule, assignments, forum, material, etc.” for classes and e.g. “documents, certificates, test
results, system administration and access” for administrative work.
User Control another less important issue occurred in terms of user control. In both systems equally, the users were unsure
whether they could control the slides by themselves or everything is guided by the professor. In order to make the user feel
satisfied with the system, you should provide a high degree of freedom, i.e. letting the user choose what to do. Also, the popups that guided the students for certain actions, such as entering the class, voting or accessing the slides were received
positively but should be carefully evaluated further in order to avoid overwhelming the students and making the system
appear less trustworthy by reminding of advertising pop-ups.
Previous knowledge age and academic experience and thus the familiarity with such a system could affect the usage. This was
mainly seen at a young participant (19) with only one year of academic experience, that he acted somehow differently. So it
should be provided additional help or guidance in the system for less experienced people which then after a while of usage
can be switched off.

For the mobile phone other issues could be detected, e.g. referring to the Error recovery. One participant could not finish a
task and was not able to recover from that, one the desktop this didn’t happen. Moreover, the Anonymity for the chat on the
mobile was not clear, whether it is private to the professor or public for the whole class, whereas on the desktop it was clearly
distinguished. A less influence on the usage might have the Character, especially on the mobile it was mentioned, some
functions would not likely to be used by the students, for example taking notes if you use to prefer paper or using the chat
function, if you are outgoing.
As a summary the mobile system contains more a and much heavier issues than the desktop design. Especially the navigation
implies a lot of problems that lead to further issues. In contrast, the desktop design contains less impacting problems, which
can be fixed easier. For the usability problems the desktop is the clear “winner”.

Professors
Effectiveness analysis

As we can see on the below table, overall the average number of occurred mistakes is quite low in both designs with only
three errors in total. The most effective tasks seem to be the first two tasks (class setup and answering a question) in both
prototypes with zero errors. This could be due to the fact that the professors are partly guided in the class setup, when they
are asked if they want to start the class in a pop-up and the high simplicity of the second task with only one required action,
which is to open the chat of an incoming message and read out the question of the students.
In task four professor 4 first pressed quiz instead of voting in the desktop version, but then could complete the task without
problems. Considering the fact, that he was tested first on the desktop, he didn’t do this mistake on the second prototype
anymore, so it is a non-critical deriving from the confusion about the wording between quiz and voting.
The faultiest task appears to be task three of rewarding a student, which is also a quite new, innovative and complex task.
Regardless the design, in each prototype one professor made a mistake. If you consider the order of the prototypes, you can
see that both professor 1 and 2 did the mistake in the prototype they were tested first. The mistake concerned the
misinterpretation and understanding of the provided terms, between voting and reward (professor 1) and quick evaluate and
activities (professor 2).
Mobile
Desktop
Task Mistakes (average) Mistakes (std. dev.) Mistakes (average) Mistakes (std. dev.)
Task 1
0
0
0
0
Task 2
0
0
0
0
Task 3
0,25
0,5
0,25
0,5
Task 4
0
0
0,25
0,5
16.
Comparison of the mistakes occurred in both prototypes

Regarding the completion rate of the tasks, both prototypes could be handled very well and all participants could finish all
task successfully.
Nonetheless it needs to be mentioned that participant 3 stated he is not sure whether he completed the first task completely
on the desktop, because there was missing a system reaction after playing the slides. It was decided by the researchers to
rate this task as successfully finished, since it matched with the target state previously identified.
Task Mobile Desktop
Task 1 100%
100%
Task 2 100%
100%
Task 3 100%
100%
Task 4 100%
100%
17.
Completion ration of the task in both prototype

The below bar chart visualizes the average number of mistakes per task and prototype. As you can see in average for the
desktop prototype one error more occurred throughout the four tasks.
For task one and three the relative numbers need to be analysed as the expected actions differ for the mobile (two actions
more are needed). It turned out that the ratio between performed and expected actions apart from the actual average does
not influence the final result, since there were not more mistakes made in the mobile version.

Comparison of the occurred mistakes in both prototypes

After all, taking into account the average number of mistakes and the completion rate it can be concluded that there exists a
tie between two designs regarding their effectiveness.
The reason for this is that the complexity of task 3 led to the mistakes and all errors occurred only in the first design that was
tested so that it can be concluded that the errors are not critical and the participants learned immediately from them and
remembered this for the test of the second design.

Efficiency analysis

Task
1
Task
2
Task
3
Task
4

Actions
(average)
3

Mobile
Actions (std.
dev.)
0

Actions
(%
expected)
100%

Actions
(average)
3,5

Desktop
Actions (std.
dev.)
1,7320

Actions
(%
expected)
175%

1

0

100%

1,5

1

150%

5

1,4142

125%

3,75

0,9574

180%

7

1,4142

117%

7

2

117%

of

of

Comparison of the efficiency of both prototypes

From the table above, it can be seen that only the task of setting up the class and opening the chat on the Mobile system
were completed by all the professors in the expected number of steps. This may be due to the fact that the professors are

used to this style of scrollable list and it matched their mental model, and also the notification that came in “real time” helped
them to intuit the next step that is required to complete the task. For the same tasks but on the desktop, we can see a bigger
number of the average of taken actions. In these two tasks it is clear even from the table that the mobile system is way more
effective than the desktop system. For the task number 4 – create a voting, the number of expected actions was 6, but, as
shown in the table, the number of average actions is 7 for both of the prototypes.
Task 2 with only one required action should be evaluated more detailed further in a high-fidelity prototype regarding the
recognizing of system reactions, as in the paper prototype the system notification was to obvious, that means the “computer”
put a number one on top of the chat to symbolize an incoming message. There it seemed too obvious for the professors
where to click.
Looking at the averages of task 3, it seems that the desktop system would be more efficient as the averages of steps that are
done by the professors, are lower. Because of the fact that the two designs require different numbers of actions in task 1 and
3, we have to take a closer look on the relative numbers, how the participant performed towards the expected number of
actions. This ratio is shown in the following graph.

Ratio needed/expected actions per prototype and task

As it can be seen from the bar chart, the mobile system was more efficient in all the first three tasks, with a high difference
from the desktop system. Because of the simple design and limited functions of the mobile prototype in comparison with the
desktop one, the professors were not confused regarding the navigation and what path to follow to reach the desired result.

Analysis of user satisfaction (SUS questionnaire)

Comparing the SUS scores of both prototypes and thus the received usability of the systems, you can recognize a slight
preference of the desktop design with a SUS score of 88,13, but still also the mobile design achieved a score way above
average.
SUS Score

Mobile
85,63

Desktop
88,13

SUS Scores of both prototypes

Considering the percentile ranking and the average SUS score of 68 as good, both prototypes are seen very much above
average compared to similar systems, meaning for the mobile prototype only 15% and for the desktop design only 12%
perform better.
Now each SUS question is analysed individually comparing the professors’ rating for both prototypes.

The below table shows the evaluation of the likeliness of using the system frequently. Two out of four professors strongly
agree to use the mobile system, whereas for the desktop two are neutral. For both prototypes participant 1 answered
neutrally, maybe due to the fact that he indicated not to have contact with such systems frequently.
1.

I think that I would like to use this system frequently.
Strongly disagree Disagree Neutral Agree Strongly agree
Mobile
0
0
1
1
2
Desktop
0
0
2
1
1
SUS rating of frequency of usage

Regarding the system complexity the majority each two users either strongly or disagreed for the mobile system, whereas
the result for the desktop is 1 strongly disagree -3 disagree. This could be an indicator of the offered functions as in the mobile
in general the same functions, but still less amount and more simpler functionalities were offered.
2.

I found the system unnecessarily complex.
Strongly disagree Disagree Neutral Agree
Mobile
2
2
0
0
Desktop
1
3
0
0

Strongly agree
0
0

SUS rating of system complexity

For the easiness of use, three professors agree that both systems were easy to use. For each design, one participants strongly
agrees, for the mobile participant 2 and for the desktop participant 4.
3.

I thought the system was easy to use.
Strongly disagree Disagree Neutral
Mobile
0
0
0
Desktop
0
0
0

Agree
3
3

Strongly agree
1
1

SUS rating of easiness to use

As can you derive from the table below, in both prototypes none of the users require much help of a technical person to be
able to use the system. If you put this in a higher context, it would be fatal, if the results would have been turned out different,
since a university system, normally used on a daily basis, should rather support in daily tasks than requiring additional help to
operate the system. However, participant 4 “only” disagrees instead of strongly for the mobile design, which contradicts a
little to his voting in the previous question as he as the only one strongly agreed on the easiness of use for the mobile.
4.

I think that I would need the support of a technical person to be able to use this system.
Strongly disagree
Disagree
Neutral
Agree
Strongly agree
Mobile
3
1
0
0
0
Desktop
4
0
0
0
0
SUS rating of requiring support

Regarding how well the functions are integrated in the system, you can again recognize the pattern of a slight preference for
the desktop design:
5.

I found the various functions in this system were well integrated.
Strongly disagree Disagree Neutral Agree Strongly agree
Mobile
0
0
0
4
0
Desktop
0
0
0
3
1
SUS rating of function integration

If you take a look how the users rate the inconsistency of the system, you can see that there is a strong disagreement for the
desktop among all four professors. Participant 1 only disagrees, which might have arisen from his comment of his confusion
of which function to find in which menu – bottom or side menu.
6.

I thought there was too much inconsistency in this system.

Mobile
Desktop

Strongly disagree
3
4

Disagree
1
0

Neutral
0
0

Agree
0
0

Strongly agree
0
0

SUS rating of system inconsistency

In terms of the learnability of the opinions show agreement, but again a slight preference for the desktop version. One reason
for this might be the familiarity with the user interface and having all options in one screen, whereas on the mobile you have
a deeper navigation and you cannot see all function and their meaning at once. That is what participant 3 indicated.
7.

I would imagine that most people would learn to use this system very quickly.
Strongly disagree
Disagree
Neutral
Agree
Strongly agree
Mobile
0
0
0
2
2
Desktop
0
0
0
1
3
SUS rating of learnability

Regarding the inconvenience or cumbersomeness of the system there is a disagreement in both prototypes. In the mobile
version all four people strongly disagree and for the desktop only three and one disagree.
8.

I found the system very cumbersome to use.
Strongly disagree Disagree Neutral Agree
Mobile
4
0
0
0
Desktop
3
1
0
0

Strongly agree
0
0

SUS rating of the cumbersomeness

As the below table shows, three users felt confident and one user very confident to use the system. The strong commitment
comes from participant 4, who left an impression of having a healthy self-confidence and willing to take a risk. This could have
influenced the rating.
9.

I felt very confident using the system.
Strongly disagree Disagree Neutral
Mobile
0
0
0
Desktop
0
0
0

Agree
3
3

Strongly agree
1
1

SUS rating of the confidence

For the last SUS question which is about whether the user needed to learn a lot before he could get going with this system,
you can see that the desktop version is preferred by three users.
For the mobile system, one participant strongly agreed to having needed to learn a lot before being able to use the system.
Here it is needs to be mentioned that participant 4 was the only user, not having had any touchpoints with such a usability
test before and in the beginning, he also didn’t understand the overall goal of the test, so this is probably leading to the result
shown in the table below.
10.

I needed to learn a lot of things before I could get going with this system.
Strongly disagree
Disagree Neutral Agree
Strongly agree
Mobile
3
0
0
0
1
Desktop
4
0
0
0
0
SUS rating of previous experience and knowledge

If you consider the overall SUS score as well as the individual SUS questions you can conclude that the professors are more
satisfied with the desktop prototype than with the mobile one.
Nevertheless, the SUS score result is very tight and thus the SUS should not be the only indicator to evaluate the prototypes,
but rather other factors such as qualitative feedback or measures like efficiency and effectiveness should be additionally
considered.

Analysis of general impressions of participants
What are the main problems and difficulties you have found while using this prototype?

The main problem is that the naming of the options is a matter of interpretation and the participants are not confident at first
with the selected option, but after they discovered it they make the association and the learnability is immediate and then
the user acts based on the previous experience. Also, some of the participants were overwhelmed by the multitude of options
that are available to them, feeling that some of the functions will be useless. The positioning of the buttons was not always
the most intuitive one, a relevant example being the voting action in the Mobile prototype. The bottom bar changes according
to the section of the application on which the user is, which at first is not intuitive for the user. They were uncertain which
device would be more appropriate and more feasible to use during the class.

Can you describe your overall experience with this prototype?

The overall experience with the prototypes was evaluated as being very pleasant as you can do digitally a lot of the things
that they have to do on paper right now, like rewarding a student. They found the system as being well designed with a lot of
functions. In order that they would know the system and stop making small mistakes, it requires some time for exploration
and understanding all of the aspects of how the application work.

How did you like the user interface design? [Text, Icons, white space…]

The participants found the user interface design of the application as being pretty standard, clear, simple, supportive and
expressed the wish of a more modern interface with bigger buttons. They also specified that some pages are too crowded,
especially on the Desktop prototype. The card design that was used in the Desktop system was appreciated as it offers clarity
on the page and it groups all of the details belonging to a student all together.

How did you get along with the navigation structure?

Regarding the navigation structure inside the prototypes, the Desktop prototype is better, as all of the tested professors said
that as it is a standard side bar the navigation is very easy, intuitive, everything is easy to reach as there the navigation tree is
not deep. About the navigation inside the Mobile prototype, the professors were not so satisfied because they found it as a
bit hidden, not so intuitive and confusing because of the combination of the hamburger menu and the bottom bar navigation.

How would you evaluate the set of functions being offered in the prototype?

The functions were evaluated as being sufficient for the class environment, but the professors stated that they enjoyed more
on the desktop the possibility of creating content to be shared with the class, such as slides, quizzes and voting. They preferred
the small screen for the easy task such as rewarding a student, opening the chat to read a question or check if a certain
student is online. This is because they don’t feel that they have to interrupt the class to do it, they can use their phone while
teaching.

What would you improve in this prototype?

The improvements that were suggested for the prototypes are the following:
•

The profile of the students should have also a photo so that it would be easier for the professor to match the face
with the name.
• The rewards list should not start with the negative option of penalize the student but more in a positive way.
• The possibility of sharing documents with the students in real time, not having to print the materials in order to
share it with the students.
• Synchronize the schedule of the teacher with the app in order to give smart suggestions.
• Possibility of peer evaluation.
• Detailed results for the voting results so that the teacher has more information and rewarding system straight
from that page.
• More filter functions for the students. The students list should be sorted alphabetically.
Desktop prototypes:
•

Group all the parts related with the interaction that are now spread across the screen in the current version
(Timer, Settings, Chat, Rewards).

Which is the prototype that you prefer? Why?

From the opinions of the professors, they found both of the prototypes useful but all of them preferred the Mobile prototype
because it is very useful to evaluate, for the chat and voting and it offers you more flexibility as you can move it around with
you. The usage of the Mobile phone is less distracting for the professors and it does not create a barrier between the students
and the professor (as using a laptop in class might seem). For the tasks that requires more information or the complex the
Desktop prototype is found to be more suitable by the professors.

What or which functions have you liked the most of each prototype?

The functions that were found useful by the interviewed professors are the evaluate a student during class, as it builds a
profile and it helps them with the final evaluation. The team up function is also appreciated as it does the task of creating
random groups automatically, feature that could be used during the class instead of wasting time of the class to do that. The
features of chat and the attendance features were preferred on the Mobile platform, while the view slides feature was
preferred on the Desktop prototype.

If you had one wish free, what or which function would you like to have for such a system?

The professors were satisfied with the two-tested system, but they suggested the following additions to the system:
•
•
•
•
•

Automatic feedback for the assignments that can be compiled or that have standard answers.
Have an archive of the questions used in the previous classes that you can reuse or have the possibility to create
the quizzes before the class and just “activate” them when needed.
More detailed quiz results (e.g what was the answer of each student for the questions)
A section similar to the Facebook wall with different threads of discussion.
A functionality of grading students on the mobile directly during the presentation.

Considering the answers that were provided to the questionnaire, the mobile prototype is preferred by the professors instead
of the desktop one. The main reason for which they liked the mobile more because of the context of use. They feel that the
usage of the Mobile phone is less distracting for the professors and it does not create a barrier between the students and he
professor (as using a laptop in class might seem). They found that the system is very useful to for the evaluation, for the chat
and voting and it offers you more flexibility as you can move it around with you.
Even if the two prototypes have approximately the same features, the mobile one offered a better experience regarding
design as the interface design of the application is pretty standard, clear, simple, supportive. Also, the navigation was clear
and it was fast to reach the desired result. As the main tasks that the professors said that they would perform during the class
were rewarding, checking the attendance and starting the slides, actions for which the interaction should be minimal, in the
unanimity the selected prototype was the mobile one.

Summary of usability problems per prototype

The below table provides an overview about the main identified usability problems of each prototype, summarized from the
previous analyses and the observations and impressions stated in chapter 5.
The issues are sorted by relevance, starting from 1 (=very relevant) with decreasing relevance. How relevant the individual
issue is, was determined by the frequency of appearance (how many users dealt with or detected this issue) and additionally
by the researchers’ impressions.
Mobile
No.

Issue

1

Navigation

2

Functionalities

Details
Too deep navigation and
confusion of top and bottom bar
and hamburger menu
Order, filter and search option
missing (e.g. for students)

Desktop
No.

Issue

1

Integration in
context of use

2

Terminology

Details
Natural barrier towards the
students due to bigger
screen size

Voting vs. Quiz

3

User Control

4

Learnability

5

Terminology

6
7

Possibility to control slides,
receive notifications
New, innovative functions like
rewarding a student

3

Design

4

Learnability

Quick Evaluate vs. Activites

5

Navigation

Practicability

Cumbersome voting creation:
split in more screens

6

Functionalities

Match with real
world

Identify students in the system
with real face

7

User Control

8
9

Emotional
influence
Match with real
world

Crowed, overwhelming in
side bar and slides
New, innovative functions
like rewarding a student
Location of functions: wide
spread across screens
Order, filter and search
option missing (e.g. for
students)
Possibility to control slides,
receive notifications
Rewarding options ordered
negatively
Identify students in the
system with real face

Comparison and ranking of the identified usability problems

The found issues are now described in detail and the ranking in both prototypes is justified.
Navigation The biggest usability problem concerned the navigation structure on the mobile phone. The users faced problems
with the deep navigation, the fact that functions (e.g. home button) were not accessible from every screen but rather needed
to go back many times. Some were also confused about the importance and meaning of the different navigations of top,
bottom bar. and side drawer. On the desktop version the navigation is ranked as the 5th most relevant issue, as it has not such
a big influence on the users’ performance as on the mobile. The functions here are more accessible and can be recognized at
once. However, there was the issue of similar functions being wide spread across the screen on the desktop, e.g. timer, search
on the top and reward, skill, chat on the bottom and the rest of the functions in the side menu. In conclusion, the navigation
affected much more the mobile than the desktop system.

The problems in the navigation for the mobile implied further usability problems such as the Practicability of some functions.
Especially the task of creating a voting was found to be cumbersome as the whole creation process was stuffed on one single
page. Instead, splitting the single actions of creation into individual screens, would make the voting creation easier.
Functionalities both designs were missing some basic functionalities such as filtering, ordering or searching for the students.
Providing these functions in both designs, will help to create an individual user experience fitted to one’s need, for example
when rewarding a specific student. Considering the different screen sizes, the presence of these functions is much more
important on the mobile than on the desktop, since not so many information can be displayed at the same time. This fact
justifies the different rankings of the issues: 2nd for the mobile and 6th for the desktop.
User control the user control mainly over the slides and how to receive notifications was another issue detected. Here again
the screen size influences the possibility of control, as on the mobile it is more difficult to control the slides. Moreover,
receiving a chat notification from a student is much more influencing on the mobile, as it covers most of the screen space,
whereas on the desktop it is just a pop-up number on the bottom and a side bar for the chat not occupying the whole screen.
Thus the user control on the mobile is more important (3rd ranked) as on the desktop (7th ranked).
Learnability as the system provided relatively new functions such as rewarding a student by Dragging&Dropping an icon to
the student profile, the professors mentioned to need time to get confident and used to these new functions. The learnability
is ranked equally for both systems (4th).
Terminology the most important issue on the desktop affected the terminology. Due to the more functions offered, the users
could get confused which one to choose (e.g. voting vs. quiz), whereas on the mobile prototype, where sometimes icons were
provided without a description, the terminology played not such a big role, which leads to ranking of 5th in the mobile and 2nd
in the desktop.

A very minor, common problem was the match between system and real world. Profile pictures of the students would help
the professors to identify them. This is again due to the screen size and less amount of information more important on the
mobile.
Apart from the mentioned issues, the desktop system contained some further problems:
The most important issue of the desktop system is the difficult integration of the device in the context of use. The tested tasks
reflected a in class-situation, thus using the laptop during holding a lecture could distract the professors and disturb the
interaction with the students.
Moreover, the design was an issue in the desktop design, mainly when it came to identify the functions in the left side bar
and in the slides. Here the layout was not chosen very well, which led to confusion between previous content 7/ topics and
the next slides.
Last but not least a small emotional influence could be the wrong order inside the rewarding options. Starting with the
negative options might seduce the professors to remit these rather than positive ones. Thus, changing the order of the
rewarding options is recommendable.
As a summary the mobile version is less vulnerable towards major usability issues, as it contains not only a less number of
faults, but also less relevant and easy to fix issues, whereas it would be very challenging to solve the problems of how to
integrate the laptop into the lecture with keeping the interaction with the students alive and at the same time not ignoring
them.

Preferred design
Students
As you can see from the below table the desktop prototype is better in four out of five categories. Even in the efficiency the
difference was very tight.
Mobile is better

Effectiveness
Efficiency
User satisfaction
Usability problems
User preferences

Desktop is better
X

Tie

X
X
X
X

Comparison of the usability results

For the students the recommended design is the desktop system. It is not only based on the students’ opinions, but also on
the SUS results and mainly the found usability problems detect a large difference in the weight of the problems, with the
mobile having much heavier issues. Nonetheless, the students mentioned that it is thinkable to use the mobile phone for very
simple tasks, such as checking the schedule or food menu.

Professors
The comparison table of the usability results shows that for three categories the mobile system is preferred and more over
there is a tie in the effectiveness, as the difference in the occurred mistakes happened to be very marginal. Also the SUS rating
was very similar, with only tiny preference towards the desktop system
Mobile is better

Effectiveness
Efficiency
User satisfaction
Usability problems
User preferences

Desktop is better

X
X
X
X

Tie
X

Comparison of the usability results

In conclusion, the professors would prefer to use the mobile system, primarily considering the fact that the small device can
be integrated much better into the lecturing activity by not building a communication barrier towards the students. Also, the
main task of the professor is to hold a lecture, supported, but not overtaken by technology. Hence, this user profile would
only small support for cool, innovative features, which can be easily handled during the lesson without distracting from the
main, actual task, which is still conducting a class and teaching the students.

Usability testing report – high fidelity prototypes
Executive summary
Our system “MIU – My Interactive University” improves the interaction between professor and students,
considering course and learning management as well as the in class-situation and also, it provides useful
information of the happenings and orientation on campus.
To improve our designs, we conducted thirteen usability tests with students on the web-based prototype
that was developed taking into account the results from the previous usability test on the paper
prototypes. These tests took place between 20.05.2018 and 23.05.2018 at the IMDEA Software Building
from the Montegancedo campus and at one’s researcher house. Each session lasted about 30 minutes.
For three out of four tasks, the were able to complete the task without any big problems, and for the
other task, we identified some problems with the visibility of the feature as only 23% of the participants
managed to complete the task.
The user satisfaction is rated very high in the System Usability Scale (SUS) (74,04) with way above average
values and also the User Experience Questionnaire (UEQ) delivered satisfying results, with good or above
average scores in all categories. However, the analysis of the number of needed actions, time and also
the impressions and observations identified some possible improvement areas.
The test study identified the following main usability problems:
o
o
o
o

Low visibility of chat function and pop-up notifications
Navigation and accessibility issues due to the separated top bar and side menu and the main navigation
hub
Hard to familiarize with the system for first-time users
Lack of customizing options

Before deciding on one system design the following aspects should be taken into account:
•
•
•
•

Context of use (e.g. classroom, campus, office)
Complexity and frequency of tasks (e.g. checking the food menu vs. rewarding a student)
Mental model of the target users considering system preferences, technology habits and new design
solutions
Scope and usefulness of provided functionalities

Schedule update
The deviations of our usability testing can be categorized as followed:
• Deviations in the organization and preparation
• Deviations in the test conduction
Regarding the organization and preparation, the following deviations took place compared to the
original planning:
Deviation

Aspect

1

Final number of
participants

2

Explanation of roles in
welcome text

3
4

5

Explanation
13 instead of 12 participants to obtain a more
reliable result, spontaneous availability of
additional participant
Mentioned the researchers’ roles in welcome
text for the better understanding of the test
procedure

Time column added in
observer sheet
Adjustment of expected
time for task 1
Assignment of sessions
and User IDs

Forgot to add
Possibly biased time measurement of
researchers, without taking notes
Due to the addition of one session and the
rescheduling of some sessions, the numbering of
sessions changed. These affected also the User
IDs, as they were assigned ordered by the date
of the session.

Table 1. Deviations in the organization and preparation

Regarding the test conduction, the following changes occurred in the testing:
Deviation
1

2
3

Aspect
Time delay of session 5
Date change in sessions 710 (original), now sessions
10-13
Time delay of session 11
(original), now session 7

Explanation
Researchers’ obligations in internship

23.05 instead of 22.05 due to unexpected
assignment deadline among students
Late arrival or participant due to bus delay

Table 2. Deviations in the test conduction

The detailed updated schedule can be found in chapter 0 “Dates and places”.

Information about the performed usability testing
Dates and places
Session

Date

Place

1
2
3
4
5
6
7
8
9
10
11
12
13

20.05.2018, 18.00h
20.05.2018, 18.30h
20.05.2018, 19.00h
20.05.2018, 19.30h
21.05.2018, 14.00h
21.05.2018, 14.30h
23.05.2018, 9.45h
23.05.2018, 14.00h
23.05.2018, 14.30h
22.05.2018, 18.00h
22.05.2018, 18.30h
22.05.2018, 19.00h
22.05.2018, 19.30h

researcher’s flat
researcher’s flat
researcher’s flat
researcher’s flat
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building
IMDEA Software Building

User ID / No. of
Participants
P1 / 1
P2 / 1
P3 / 1
P4 / 1
P5 / 1
P6 / 1
P7 / 1
P8 / 1
P9 / 1
P10 / 1
P11 / 1
P12 / 1
P13 / 1

Table 3. Dates and places of the test sessions

Participant demographics
In total we have interviewed thirteen students, with the following characteristics, shown in the next
table.
As you can see from the table, we have a slight tendency to male interviewees in terms of gender. This
might be also due to the general technical area of the Data Science studies, most interview partner
were pursuing. All participants were students with quite a lot of academic experience with an average
4,65. All except two participants were master students. We interviewed 4 Spanish, 3 Italians, each 2
Polish and Dutch as well as 1 Egyptian and 1 Indian student. The average age of our interviewed
students is 24,15 with also a big range from 20 to 29.
ID

1
2
3
4
5
6
7
8
9

Participated
in low fidelity test
No
Yes
No
Yes
Yes
Yes
No
No
No

Age

Gender

23
23
23
25
20
25
27
29
25

M
M
M
F
M
M
M
M
M

Academic
experience
[years]
4
5
4
4
4
6
5
5
5

Nationality

Polish
Italian
Polish
Indian
Dutch
Spanish
Egyptian
Italian
Spanish

10
11
12
13
Average

Yes
No
No
No
38,5% with
previous test
experience

23
23
23
25
24,15

F
F
F
F

5
4
4,5
5

61,5% M
38,5% F

Spanish
Spanish
Dutch
Italian

4,65

Table 4. Student characteristics

Concerning the IT experience and usage you can see that the students highly prefer to use a computer
for university purposes, mainly due to the bigger screen. Some mentioned that it depends on the tasks,
such as quickly looking up something can also be done on the phone. Also, all indicate to have a good
or medium IT experience, considering also their technical major, which was mostly Data Science.
Moreover, besides a laptop and smartphone, mostly they don’t use a third device as much and if so, a
tablet for reading or playing games. Regarding the daily usage there is a medium average but
comparing the individual participants and their individual perception of usage, you can see a huge
difference in the hours of usage, ranging from 0,5 to 17 hours in the case of the smartphone. Also,
almost all participants indicated, they would use the laptop more for work and university purposes
rather than in their free time.

1
2
3

IT Experience
on a scale
1=beginner,
5=expert
2
3,5
4

4

4

16

16

-

5
6
7
8
9
10

4
5
3,5
5
3
4

8
9
16
6
3
7

1,5
2
17
16
2
13

iPad
iPad

11

1,5

8

2

-

12
13
Average

5
4
3,730769231

10
9
9,153846154

1
5
6,730769231

-

ID

Computer
Use [h]

Smartphone
Use [h]

Other
devices

8
9
10

2,5
9
0,5

ebook reader
-

Table 5. IT experience and technology usage

Preferred
Device for
University

Computer
Computer
Computer
depending
on task,
Computer
smartphone
Computer
both
Computer
Computer
Computer
Computer,
depends
Computer
Computer

The questions regarding the system preferences should help us to evaluate, if the actual system
preference has an influence on or is related with the system usage and perception. Out of 13 students,
for each system preference pairs 10 preferred the second option:
•
•
•

Standard or Customized
Basic or Multi-Purpose
Guided or Self-Explorer

This could affect the system usage, for example in the way that people would miss or search for
customizing options (Standard or Customized), or if they make us of the guiding pop-ups of, initiated by
the professor (Guided vs. Self-Explorer).
Furthermore, a medium average of 5,4 on scale from 1 to 10 for the satisfaction with current system
indicates at first sight now heavy problems and necessity for improvements. However, when looking at
the individuals’ responses with ranges from 1 to 7, you can already guess some problems.
The usual interaction in class takes mainly place by asking questions in class or after the lesson. Three
out of thirteen students don’t interact at all in class. One also indicated, that the interaction depends
on the specific class and the own motivation for this topic.
The following infographic summarizes the students’ demographics in a visual way:

Figure 1: Summarized infographic of participants demographics

Results
Effectiveness
The usability metric of effectiveness refers to how good a product is in what it is supposed to do, thus
is measured by whether the task was successfully completed or not and also if the task was carried out
without errors and if errors occurred, how many. Therefore, the criteria for the effectiveness of the
system design are task completion and number of errors. Whether the task was completed or not, was
evaluated by the observer in the following way: when the participant told, he has finished the task, the
observer compared the current state with the desired target state and based on this evaluated the
success of the task performance.
As you can derive from the below table, the number of average mistakes made by the participants are
relatively low, especially in Task 1 - Class Setup and Task 4 - Food menu, with an average of mistakes of
0,230769. For these two tasks we can also see a low standard deviation of mistakes, of only 0,43.
The high average mistakes – 1,384615 on the Task 2 – Ask a question were also critical, preventing the
user from successfully completing the task, as it can be seen from the low success rate of only 23,08%.
Apart from that, the Task 1 had a success rate of 92,31 which means that only one participant was not
able to complete the task. For the other two tasks, Task 3 – Vote and Task 4 – Food menu there is a
success rate of 100%, being be completed successfully by all participants.
Mistakes
(average)
Task 1 – Class Setup
0,230769
1,384615
Task 2 – Ask a question

Task 3 – Vote
Task 4 – Food menu

0,461538
0,230769

Mistakes (std. dev.)

Success rate

0,438529
0,960768

92,31%
23,08%

0,660225
0,438529

100%
100%

Table 6. Average mistakes and success rates per task by all participants

Number of mistakes per participant and task
3,5
3
2,5
2
1,5
1
0,5
0
Task 1

Task 2
P1

Figure 7:

P2

P3

P4

P5

Task 3
P6

P7

P8

P9

P10

Task 4
P11

P12

P13

Bar chart with the number of mistakes (13 participants, from P1 to P13; and four tasks, from T1 to T4)

The previous graph shows the number of mistakes in each task, made by each individual participant. As
you can see, in the second task the most mistakes were made, only the participant P2 and P12 making
no mistakes during the task completion. In the first task three out of thirteen participants made
mistakes. In the third task - taking part in a voting session, only two participants made mistakes. The
last task, finding out what is on the menu task had only three people out of thirteen that did mistakes.
Moreover, you can see that participant 2 didn’t do any mistakes at all.
The graph clearly shows again the high standard deviation in Task 2 with highly different mistakes in an
attempt to complete the task, ranging from 0 to 3. For task 1 and task 4, the standard deviation is low,
as the number of mistakes is ranging only from 0 to 1, with 3 participants that make mistakes in both of
tasks.

Efficiency
One of the way the efficiency of the system designed is measured is my measuring the time that it
takes for the participants to complete the task and it refers to the way the product supports the user to
carry out their task. A high efficiency would be indicated by a short time to complete the task meaning
the workflow is not complex and clear.
The table below shows the average needed time per tasks, also comparing with the expected number
of actions. The expected time, measured in seconds is defined as the time, which was needed by the

researchers to carry out the task on the prototype on what they considered the best way to reach the
task goal in the system. The optimal value may be too optimistic, as it not taken into consideration the
fact that the participants are using the system for the first time and they need to read, interpret and
identify the path into complete the task. The time difference is not a pressing matter, as it is something
that will improve with time, after the user knows how the system works and they are accustomed with
it.
Comparing both the average needed time and the expected time you can see that the users need more
time that the desired one for all the tasks. The Task 2 – Ask a question has the biggest difference
between the expected time and the average time, with a difference of 73.65 seconds being in the
correlation with the low rate of success, confusion of the participants regarding the correct path being
the main reason.
Task 1 – Class
Setup
Task 2 – Ask a
question
Task 3 – Vote
Task 4 – Food
menu

Time (avg.)
65,846153

Time (std. dev.)
21,705783

Optimal value
38

% Difference
173,28%

95,846153

22,191763

22

435,66

46,076923
39,92307692

38,525882
14,476771

19
24

242,51
166,35%

Table 7. Example of table containing information about time to perform tasks

The efficiency of the system design is measured by counting the number of actions needed for
completing the task and refers to the way a product supports a user carrying out their task. One action
is defined as one click by the user on the user interface. A high number of actions thus would indicate a
low efficiency, as a long workflow is needed to achieve the task goal.
The table below shows the average needed actions per tasks, also comparing with the expected
number of actions. The expected number of actions are defined as the number of actions, which were
needed by the researchers to carry out the task when designing the prototypes and what they
considered the best way to reach the task goal in the system.
Comparing both the average needed actions and the expected number of actions you can see that the
users more actions that the desired one for all the tasks. As it can be seen from the table above, the
task number one has only an additional 0.76 difference between the average number of actions and
number of expected actions. The biggest difference between this numbers if for the task number 3,
participating in a voting, with a difference of 1,76 which, in rapport to the expected number of actions,
which is 2, it shows that the participants required almost a double number of actions that than the
expected one.

Task 1 – Class Setup
Task 2 – Ask a
question
Task 3 – Vote
Task 4 – Food menu

Actions
(avg.)
5,769230
7,230769

Actions (std.
dev.)
1,091928
4,225987

Optimal value

% Difference

5
6

115,38
120,51

3,769230
4,230769

3,004270
1,423250

2
3

188,46
141,03

Table 8. Example of table containing information about number of elemental actions

Time per task and participant
160
140
120
100
80
60
40
20
0
Task 1
Optimal

P1

Task 2
P2

P3

P4

P5

Task 3
P6

P7

P8

P9

Task 4
P10

P11

P12

P13

Figure 2: bar chart with the time to complete the task (13 participants, from P1 to P13; and three tasks, from T1 to T4), compared to
optimal value

The previous graph clearly shows how for the first two tasks the users needed more time than
expected in order to complete the tasks. For the Task 3 -Vote we can see that the user P7 required the
most time to complete it, 144 seconds, followed by student P11 with a time of 103 seconds. The
participant P5 is the only one that manage to do the task faster than expected, Task 3 in 13s (expected
:19) and Task 4 in 23 (expected :24).

Elemental actions per task and participant
20
18
16
14
12
10
8
6
4
2
0
Task 1
Optimal

Task 2
P1

P2

P3

P4

P5

Task 3
P6

P7

P8

P9

Task 4
P10

P11

P12

P13

Figure 3: Bar chart with the number of elemental actions to complete the task (13 participants, from P1 to P13; and three tasks, from T1
to T4)

The previous graph clearly shows again the high standard deviation in task 3 with highly different
needed number of actions, ranging from 12 to 3. The biggest number of actions for this task was
needed by the participant P7 with 8 actions and by the P12 with 12 actions needed to complete the
task. For the other participants we can see that 7 out of 13 participants needed exactly 2 actions, as
desired. For the other three tasks, we can see that the majority of students needed more additional
actions in order to finish the task.

User satisfaction: SUS questionnaire
SUS score: 74,04 (standard deviation: 15,46)

The above average SUS score of 74,04 indicates a general high satisfaction with the system, whereas
before the interpretation you should also take a look at the individual ratings by each user. There you
can see the high standard deviation of 15,46, which arises from very different ratings among the
participants, ranging from 40 by participant 3 to 92,5 by participant 4 and 6:
ID
Score

P1
82,5

P2
65

P3
40

P4
P5
P6
P7
P8
92,5 72,5 92,5 82,5 87,5

P9
80

P10
80

Table 9. Individual SUS scores by participants

P11 P12 P13
67,5 67,5 52,5

The individual answers and agreements/disagreements are displayed in the following table:
Strongly
disagree

Disagree Neutral Agree

Strongly
agree

1

2

3

4

5

1

0

0

2

7

4

2

2

6

3

2

0

3

0

2

3

6

2

4

11

2

0

0

0

5

0

1

3

7

2

6

5

6

2

0

0

7

1

1

1

5

5

8

4

5

1

3

0

9

1

2

3

6

1

10

9

2

0

2

0

You can see from the table that in the majority of the questions there is no strong commitment to the
questions, but mostly “only” an agreement (positive questions with odd numbers 1,3,5,7,9) or
disagreement (negative questions with even numbers 2,6). Especially in each case of frequent usage
(question 1), easiness of use (question 3), integration of functions (question 5) and confidence during
usage (question 9) 7 or 6 participants agreed.
Furthermore, there are only a few participants (maximum 3 in one question) giving neutral answers,
but instead indicating at least a slight tendency of ratings.
However, you can also see two strong disagreements in the answers: 11 participants strongly disagree
with needing a technical support (question 4) and 9 participants strongly disagree with needing to
learn a lot before they could get going with the system (question 10).
In general, it needs to be mentioned and kept in mind, that for many questions (2,3,5,7,8,9,10) there
are partly contradictory answers among the participants with either agreement or disagreement. The
reasons for this needs to be analyzed further.

User experience: UEQ questionnaire
The User Experience questionnaire (UEQ) allows the evaluation of the user experience in six different
categories
•
•
•
•
•
•

Attractiveness: overall impression, like or dislike
Perspicuity: easy to familiarize
Efficiency: no unnecessary effort needed
Dependability: user control
Stimulation: motivation of usage
Novelty: innovation and creativity of the product

The UEQ results can be derived from the following graph:
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Figure 4: UEQ results

As you can derive from the graph, the prototype was received by the participants fairly well, with the
mean in all categories being above average or even good. The standard interpretation of the scale
means is that values between -0.8and 0.8 represent a neural evaluation of the corresponding scale,
values > 0,8 represent a positive evaluation and values < -0,8 represent a negative evaluation. The
range of the scales is between -3 (horribly bad) and +3 (extremely good).
The values of the prototype in the six categories are shown in the following table:
Category
Attractiveness
Perspicuity
Efficiency
Dependability
Stimulation
Novelty

Value
1,705
1,212
1,731
1,231
1,500
1,288

Table 10. Detailed results in the UEQ categories

As you can see from the above table the participants rated the Attractiveness and Efficiency a value of
1,705 and 1,731 respectively, quite high. The prototype achieved the lowest rating in Perspicuity and
Novelty, telling about the learnability and innovative character of the product. The Perspicuity has a
high standard deviation of 1,176, whereas all other scales have a significantly lower standard deviation
of around 0.5 – 0,8.

General impressions of participants
What are the main problems you have found while using this prototype?
The main problems in the prototype can be summarized as followed:
•
•

chat function: difficult to find, confusion about difference between public post or private chat
navigation issues: not everything accessible from one place, side bar and top bar at the same time

What or which functions have you liked most of the prototype? Why?
The most liked functions in the system were by far looking up the food menu, taking notes on slides
and the social aspect of the system with interaction in class.
Can you describe your overall experience with this prototype?
Overall, all participants described their experience as good, easy to navigation and well organized.
Some participants mentioned, they would need a little time to get used to the system and some
stressed the good integration of many useful functions. Three participants explicitly described our
prototype as a “better version of Moodle”.
How did you like the user interface design?
Most of the participants were positive about interface design and described it as simple, friendly, clean,
professional and with good icons. However, one of the students would like to customise the system, to
make it more familiar and useful. Another participant suggests, to use the university colours to make it
more consistent with other university portals.
How did you get along with the navigation structure?
Almost all participants (10) were speaking that the navigation structure is easy, fast and with a quite
flat hierarchy. Amongst them, four added that, they would need more time to feel confident with the
system when using. Two of them hesitated, that it could be improved – mainly by providing a global
menu on every screen. One of them added, that side bar menu looks overwhelming and it is easy to get
lost when using for the first time. Also, one participant suggests, that Paper Work – as is being used
rarely – could be removed from the first screen.
How would you evaluate the set of functions being offered in the prototype?
Nine of the participants were satisfied with the offered set of functions. They mentioned the functions
are enough and work as expected. Three students suggested that it could be improved by offering
information about events related to students (trips, company meetings, discounts and deals). One of
them proposed functionality of recording the class, to rehearse the topic from the course. Another
participant was unpleased, because it was painful to learn about offered functions in such us short
time.

What would you improve in this prototype?
All participants suggested improvements for this prototype. Some of them were related to problems
when using the system (unseen Chat function, unable to post, Back button hard to find, naming
controversies: what is “Quiz?” or difference between Discussion and Post option). The participants also
indicated enhanced possibilities such as: marking the last slide explained during the class, global
calendar with all assignments, instant messaging in case of emergency or an improved navigation
structure. One participant commented, that the food menu looks confusing, because it reminds him of
different subscription models. Finally, one of the participants suggested to move the chat to the side
bar where it would be more visible. Yet three participants mentioned to prefer customizing options.
If you had one wish free, what or which function would you like to have for such a system?
The following additional functions not yet covered by the current prototype were suggested by the
students:
•
•
•
•
•
•

Online Drive to collaborate with other students and keep all materials in one place remotely
Export slides to pdf and keep it offline.
Record class
Make drafts and sketches on the actual slides
Interactive function like Kahoot application (Quiz online in real time)
Customize dashboard using „drag and drop”

Relevant observations made
No.

Type of observation

1

Guidance

2

Chat

3

Notification

5

User Interface Design

Details
Only 2 out of 13 participants used the pop-up as system
short-cut to quickly access the class or slides. This
decreased their time and number of actions needed to
finish the task.
Only 3 out of 13 participants found the chat symbol for
task 2, many were confused where to ask the question
and posted on the dashboard status wall.
The task instruction of the voting task implied to receive a
notification to participate in the voting. However, in case
they couldn’t finish task 2 of asking the professor, the
notification did neither appear as a pop-up, nor in the
notification bell (not implemented), which is known from
Facebook.
This was a clear continuity and dependency problem in
the prototype, as we implemented the notification for the
voting only on the chat page.
Using the mental model of the students we have tried to
apply a Facebook like Design with news in the middle,
navigation on the left and chats on the right side. Two
even mentioned this. Another one mentioned that it
reminded him of Spotify, another popular application

6

Exploring

used by young students. Thus, using analogies to popular
services by applying similar layout we decrease the
mental load and it allow users to be more confident using
the system in shorter time.
Many students explored the dashboard and clicked
randomly on any function, in case they couldn’t find what
they wanted (e.g. Chat) That increased significantly the
number of needed actions.
Table 11. Observations made during the usability tests

Result analysis
Effectiveness analysis
The effectiveness of the prototype as a whole is good, with two task that have a rate of success of
100% and one with 92,31%, with only one participant that was not able to complete the task. For the
Task 2 – Asking a question to the professor, the rate of success is low, only 23,08% with only three
participants completing the task. This problem was countered as they did not expect to find this option
on the top navigation bar, but they either searched it on the side bar, trying the option Discuss and
Forum and the majority of them ending up posting the question on the class wall, but they were still
confused either that is the correct way or not.
Regarding the number of mistakes, the Task 1 and Task 4 had the lowest number of mistakes, with only
3 mistakes in total. For the Task number 3, the total number of mistakes is six, and is due to multiple
reasons: firstly, if they didn’t manage to fulfil the task number 2, the notification pop-up did not
appear, so the shortest and easiest way of reaching the voting was not available. Secondly, some
participants tried the option quiz, as they thought that is where they will find the voting session.
Another mistake that was done on this task, was that the users clicked on the student to see what was
the answer that he/she gave. To have a better effectiveness the design of the live chat function should
be priority changed.
Compared to the low-fidelity prototype, which had a maximum rate of success on both of the
prototypes, for all the tasks except the task 2- Ask a question to the professor, the high fidelity kept the
good effectiveness but the problem in task 2 worsen, less participants being able to ask the professor.
This problem could not be predicted from the paper prototype, as the rate of success on the mobile
paper prototype was 100%, only on the mobile version having a lower success rate, only 83%.

Efficiency analysis
The efficiency was analysed based on two parameters: the time that was required by the participants
to fulfil the task and the number of actions that was performed. The highest efficiency regarding the
time and the number of actions can be seen for the Tasks 3 and Task 4. For the Voting, the participants
had multiple paths of accessing the vote: from the dashboard option of voting or from the notification,
with the same amount of actions needed and from the side menu, path that required an additional
step. The access of the slides which was the first task and it was performed according to the
expectations, the difference between the time that was needed by the participants differs mostly
because of the speed of typing from one participant to another. For the Task 2, the efficiency has a low
rate due to the confusion of the students regarding where to find the char. They tried the discuss
option which was not implemented and ended up posting on the wall of the class. This task was the
most confusing and with low efficiency also for the paper prototype in the desktop version.
One important element that was meant to increase the efficiency is the notifications. This “real-time
notifications” are meant to guide the student through the process, by asking to join the class in

progress, to visualize the slides or to attend the current session of voting. For the first task, none of the
students used the notifications to reach the desired result. For the task number three, the issue is
more difficult. For the majority of the participants, the notification did not appear as it was stated in
the task as it was programmed on the prototype to come after the completion of the task 2, after the
participant would close the chat. For the three participants that managed to complete task 2, and as a
result to receive the notification about the voting, two out of three clicked on the notification and were
redirected to the voting page.
In the evaluation of the paper prototype, the time was not measured as the ‘think aloud’ technique
was used, so only the number of actions can be taken into consideration. The percentage of the
difference between the average and the expected number of actions is higher in the hi-fidelity than in
the low fidelity prototype, this issue is mainly due to the fact that the notifications were not so visible
for the user and they did not attract his attention, so they had to explore the system instead of being
guided through it.

Analysis of user satisfaction (SUS questionnaire)
Based on different researches, the SUS score above 68 is meant to be a usability above average.
However, before interpreting the results, one has to consider that the SUS score doesn’t represent a
percentage out of 100, but rather should be seen in a percentile ranking, which means an nth
percentile is the smallest score that is greater than a n percentage of all scores. In other words, the
percentile ranking shows, how your system performs relative to other systems, therefore a score of 68
indicates a percentile ranking of 50%, meaning 50% of the other systems are better and 50% are
worse.
Thus, our prototype with a SUS score of 74,04 is seen above average compared to similar systems,
meaning only 26% of the system perform better. It is popular among researchers1 to show the SUS
score in the following graph, considering the percentile ranking and at the same time giving an
indication of the known American school grades from A (=very good) to F (=Failed):

1

Sauro, J. (2011). A practical guide to the System Usability Scale: Background, benchmarks, & best practices. Denver, CO: Measuring Usability LL.

Figure 8:

Percentile Ranking and grade of the SUS Score

As you can see, our system would achieve a B+ in the American school grading system, which is fairly
good.
Compared to the low-fidelity prototype, which achieved a SUS score of 88,33, the result for the highfidelity prototype is slightly worse. This could be due to the fact, that we have a low number of
participants (5) with previous test experience on the low-fidelity prototype. They tent to rate the highfidelity prototype higher than the low-fidelity one, whereas the first-time users (8 people) in sum voted
slightly more cautious, which could explain the slight difference and impact of first-time user on the
overall SUS score of the high-fidelity prototype.
Moreover, if you put the SUS score into higher contexts, such acceptability range and adjective ranking
(from worst to best imaginable) based on different researchers 2, both prototypes have a high
acceptance and perform good (high-fidelity) to excellent (low-fidelity).
However, one mustn’t interpret the low-fidelity result as too important, since it was only on paper and
had nothing to do with the actual system. Also, people might have been influenced by the fact, that
they have never interacted with such paper as an app before and were amazed by the methods,
comparing with a familiar university system on the laptop.
Now each SUS question is analyzed individually comparing the participants’ rating for both prototypes.
The below table shows the evaluation of the likeliness of using the system frequently. The prototype
achieved fairly good results among the participants. However, participant 2 and 3 only rated neutral.

2

Bangor, A., Kortum, P., Miller J. (2009): Determining what individual SUS scores mean: adding an Adjective Rating Scale. Journal of Usability Studies, 4
(3), pp. 114-123.

The reason for this might that they couldn’t finish some tasks successfully and questioned a lot the
usefulness of such a system.
1.

I think that I would like to use this system frequently.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

0

0

2

7

4

Table 12. SUS rating of frequency of usage

Regarding the system complexity the majority of the students disagreed with finding the system
unnecessarily complex. However, there are three participants who voted for neutral and two even
agree to find the system complex, which are participant 3 (maybe he was frustrated) and participant 7,
who also acted very doubtful and asked a lot of questions. Surprisingly, two students, who were among
the only three, who could finish the task 2 successfully, voted for neutral. This can be due to the fact,
that they had to search a lot before they actually could find the chat to ask the professor.
2.

I found the system unnecessarily complex.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

2

6

3

2

0

Table 13. SUS rating of system complexity

For the question, if the system was easy to use, most of the participants agree or strongly agree, with
at the same time resulting again in three neutral answers and two disagreements. If you take a closer
look, all participants, who disagreed or voted neutrally, were first-time users. Their voting could imply
that there were not so familiar with the system, as the users, who might have already remembered the
tasks.
3.

I thought the system was easy to use.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

0

2

3

6

2

Table 14. SUS rating of easiness to use

As can derive from the table below, none of the students requires help of a technical person to be able
to use the system. If you put this in a higher context, it would be fatal, if the results would have been
turned out contrary, since a university system, normally used on a daily basis, should rather support in
daily tasks than requiring additional help to operate the system. This strong tendency of being able to
independently operate such a system without help, also shows, that the participants as students are
quite familiar with using such a system and its functions in their university environment.

4.

I think that I would need the support of a technical person to be
able to use this system.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

11

2

0

0

0

Table 15. SUS rating of requiring support

Regarding how well the functions are integrated in the system, you can recognize that 9 out of 13
students agree or disagree. The only disagreement derives from participant 12, who devoted himself to
web design and he asked a lot of system-focused questions during the test.
5.

I found the various functions in this system were well integrated.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

0

1

3

7

2

Table 16. SUS rating of function integration

If you take a look how the users rate the inconsistency of the system, you can see, that all participant
except two disagree or strongly disagree. The two neutral answers come from participant 3, which in
general voted quite negatively (SUS Score of 40) and participant 5, who explicitly mentioned, why the
back and home buttons in the side bar are on some pages on the bottom and on pages, which don’t
have further items on the side bar on the top. So this observation could be an indicator for his voting
for question 6.
6.

I thought there was too much inconsistency in this system.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

5

6

2

0

0

Table 17. SUS rating of system inconsistency

In terms of the learnability the users’ opinions show agreement or strong agreement in the case of 10
people. In fact, many people mentioned in the post-interview that they partly struggled with some
tasks in the very first usage, but if they would have a little bit more time, they would become familiar
quite fast. However, you can depict three outliers in this question; the strong disagreement again
comes from participant 3 and the disagreement from participant 13, who mentioned he was confused
how the navigation of the system works. These two participants and participant 1, who voted neutrally,
were all first-time users.
7.

I would imagine that most people would learn to use this system
very quickly.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

1

1

1

5

5

Table 18. SUS rating of learnability

Regarding the inconvenience or cumbersomeness of the system, there is a disagreement or strong
disagreement of 9 people, meaning they didn’t see it as a burden to use the system. On the other
hand, there are three participants agree in this question. The same two participants (3 and 13), who
disagreed with the previous question have the opinion of the system to be cumbersome. It needs to
be mentioned that many students asked about the term cumbersome, so their own interpretation
might have influenced the rating as well, as you can see for participant 2, who also agreed, but asked
three times about the correct meaning of the term.
8.

I found the system very cumbersome to use.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

4

5

1

3

0

Table 19. SUS rating of the cumbersomeness

As the below table shows, 7 out of 13 participants felt confident, while using the system. Among them
were 3 out 5 people, that we tested before. The two other participants with previous test experience
voted neutrally (participant 10) or disagreed (participant 2). The latter one might have been influenced
by the confusion of the previous questions. Also, again participant 3 and 13 are the additional outliers.
Participant 13 was in general very critical and hesitant with the system.
9.

I felt very confident using the system.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

1

2

3

6

1

Table 20. SUS rating of the confidence

For the last SUS question, which is about whether the user needed to learn a lot before he could get
going with this system, you can see that 11 out of 13 students disagree, with 9 strong disagreements.
The reason for this could be, that the students have previous experience with using such a system and
they are quite familiar with the tasks. However, participant 11 and 13 to have needed to learn a lot
before they could actually use the system. Participant 11 was among the participants, who needed the
most time to perform the task, so this could have led to his voting. For Participant 13 this question
might be related to his rating for question 7 about learnability, where he also disagreed, because as
mentioned before he was confused about the navigation options and different bars in the user
interface.
10. I needed to learn a lot of things before I could get going with this
system.

Number of
replies

Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

9

2

0

2

0

Table 21. SUS rating of previous experience and knowledge

If you consider the overall SUS score as well as the individual SUS questions you can conclude that in
general the participants are quite satisfied and evaluate the prototype as user-friendly. Yet there are
some specific issues, derived from the previous analysis, that have to be considered, especially in order
to eliminate the few contradictory ratings and outliers, as well as the couple of neutral answers, in the
next iterations.

Analysis of the user experience (UEQ Questionnaire)
In terms of attractiveness the participants rated the system as “good” with a score of 1,71, which is a
very good result. This matches also to the participants’ comments about the friendly user interface
design and their good overall experience with the product.
Apart from the Attractiveness, the UEQ scales can be grouped into two groups:
•
•

pragmatic (=task related) quality aspects: Perspicuity, Efficiency, Dependability
hedonic (=non-task related) quality aspects: Stimulation, Novelty

In both groups our system achieved a score of 1,39, which is an above average result. It is good for us
to know, that both aspects are being seen as equally developed in our system, as first of course
everybody would focus on the task-related quality aspects in a university system, as it is a serious
environment, rather than just “fun” and entertainment.
However, the hedonic quality mustn’t be neglected, since it is the enjoyment with a system, which
keeps the user think positive about the system.
Questioning the Perspicuity of our system, i.e. whether it is easy to learn and to get familiar with it, the
prototype achieved a score of 1,212. This is still a tight above average result, yet if you take a look on
the scores of the remaining scales, this was the lowest value in all categories. It matches the few
disagreements in the SUS questionnaire, that some people had problems with the learnability and also
even some participants mentioned this in the post-interview to need more time to get familiar with the
system. Therefore, this is a clear indicator, that the system needs to be improved regarding perspicuity.
For the efficiency, the system achieved the highest score among all categories with a value of 1,731.
This shows that the students rate our prototype as fast, well organized and practical. This fits to their
system preferences, nonetheless the numeric analysis achieved a different result regarding the
efficiency, as in all task the measured values were above the expected ones. These different
impressions can be the result of a different objective and subjective perception by the users, as well as
the fact, that the expected values were set too high at some point. Another reason for these different
views on efficiency could have been the fact, that very few participants recognized the pop-up
notifications, which intended to make the system more efficient by providing short-cuts. That this is
useful and can help the user, was detected in the paper prototype, where the evaluated this feature
very positively.
For the dependability scale, the users evaluated the prototype as above average with a value of 1,231.
Yet this value is on the lower border to “below average” and is the second worst category besides
Perspicuity. Especially the question of unpredictable – predictable only achieved 0,8 and was the worst

rated question of all. We argue that on the one side this could be due to the fact that there were some
parts not implemented and unexpectedly an error page appeared, and on the other side, that the users
were sometimes not clear about some functions.
However, one of our main goals in the system was to support the users with guidance like the
notifications, but at the same time giving him the full user control and a safe feeling that he can
estimate how the system would react. After the analysis of this UEQ scale, we figured out that there is
room for improvement regarding this.
Another goal was for us to provide a system that is motivating and engages the users. We wanted to
offer new methods of interaction in class (like votings, quizzes) and also new features, such as
integrating the campus happening in the system. The stimulation value of 1,5 tells us that we could
achieve our goal. It is a good value, compared to other systems. The detailed results of 1,7 in the pair
of interesting – not interesting, 1,8 in valuable – inferior, but at the same time 1,1 in boring – exciting
shows that the users indeed value the system for its functions, but maybe it could be more exciting in
the user interface.
The novelty of the system was rated above average with 1,288. In general, this is not a bad value, but
for what our goal was to create a new, innovative system with cool, unknown features, this value is a
bit disappointing, as this combination of university system with in class interaction and campus life, is
not existing according to our research yet. Maybe the users took into account their usual smartphone
experience with different apps and new interaction methods such as speech recognition and for them
this is not yet. Later then, they could have transferred this previous experience to the context of our
system and rated it as not so innovative.
Another reason for the low value can be that the participants are interacting with university system
such as Moodle on a daily basis, and therefore are familiar with the scope of functions of such as
system. Also, the novelty cannot only be evaluated by the functions, but can also be seen from a design
point of view. There we have to admit that it is quite a standard user interface and we could improve it
to make it more innovative and motivating.
Overall, the UEQ gives a good impression, how the students rate the user experience with our system.
Still, values such as Attractiveness and Efficiency mustn’t be over interpreted, as it is only a prototype
and not yet a finished product and therefore, some functions or UI elements are not implemented yet.
Yet we think we are on a good way to achieve a pleasant user experience with our MIU system.

Analysis of general impressions of participants
What are the main problems you have found while using this prototype?
The biggest issue detected by the participants was the chat function. It could not be discovered, as it
was a very small icon in the top bar, separated from the main navigation side bar. Moreover, it was not
clear for the students, whether they ask in public or private – the same as in the low-fidelity. However,
in the latter one we had a clear “Ask the professor”- button in the footer, which made it easy to
recognize. Since we wanted to get rid of three navigation areas – there was a top bar, footer and side
menu in the low-fidelity prototype – we decided to place the navigation and menu items in the side bar
and the system functions, such as chat, settings, search in the top bar.
Yet the navigation issues in the high-fidelity prototype were evaluated more serious than in the lowfidelity prototype. This could be due to the fact that in the low-fidelity prototype there were actually
guided by the pop-up notifications and didn’t even have the chance to click much, however in the
current prototype many students didn’t even discover the small pop-ups, so that they needed to rely
more on the actual navigation.
Also this fact, fits to the system preference of 10 out of 13 people, preferring a system to explore by
themselves rather than being guided.
What or which functions have you liked most of the prototype? Why?
The most liked functions in the system were by far looking up the food menu, taking notes on slides
and the social aspect of the system with interaction in class.
In the most liked functions we detected some differences, but also similarities between the low and
high-fidelity prototype: in the first iteration, the participants clearly pointed out to like the chat and live
and real-time notifications as a useful system support, whereas in the second iteration they did not
discover these features and therefore didn’t consider them as useful.
In both prototypes the students evaluated the social aspect as useful, as well as the fact, that the
system encompasses more than just academic-related topics, but also campus life and specifically
looking up the food menu (as 10 out 13 prefer a multi-purpose rather than a basic system).
Whereas in the low-fidelity prototype, they found in cumbersome to take notes, especially on a phone,
in the high-fidelity prototype is was mentioned as one of the favourite functions. We argue that on the
low-fidelity prototype the participants might have been distracted by the paper keyboard and didn’t
take it so seriously, while in the high-fidelity prototype they could type for real.
Can you describe your overall experience with this prototype?
The students experienced both prototypes as fairly well, with an easy navigation and a good
organization. In the low-fidelity the smart real-time interaction was primarily stressed, whereas some

participants pointed out for the high-fidelity system to need more time to get used to it to explore all
functions.
However, the low-fidelity prototype was received better in terms of navigation, as the additional footer
had clearly named button, while in the high-fidelity system, the top bar with small function icons
without text might have not been retrieved so prominent.
Moreover, in both prototypes the participants also mentioned that it offers a lot of useful functions
and therefore is an improvement compared to current university systems.
How did you like the user interface design?
In general, in both prototypes the users praised the design and found it simple and friendly.
Considering this result from the first iteration, we also went for a clean and simple design with a lot of
white spaces in the high-fidelity system. Furthermore, in both prototype the combination of text and
icon was evaluated positively.
The paper draft was partly seen as sometimes cluttered and not so well organized (maybe also due to
the handwriting?), mainly for the main dashboard.
We did consider this complains and we redesigned this screen to give it a clean look with a good
structure. Also, the Campus Life section, which was not organized well in opinion of participants, has
been reordered.
How did you get along with the navigation structure?
From the first round of testing we derived that the participants, highly prefer a flat and simple
navigation structure, rather than hidden hamburger menus on mobile phones. We considered that for
the high-fidelity system and try to provide the navigation, e.g. by providing a home button on every
single screen. However, we had to find a middle way for accessing the different sections. Providing
access every single function on every screen, would make the navigation menu cluttered and
overwhelming, whereas dividing between the sections of paper work, academics and campus life,
would require more clicks back to the navigation hub on the home page to access a different section.
One aspect after the paper draft was to reorder the items in the navigation according to their
relevance and frequency.
How would you evaluate the set of functions being offered in the prototype?
The set of functions that were offered in the prototype were very well received by the students. In
both prototypes they evaluate the functions as useful and liked the fact that they could find everything
related with the university in the same application. In the low-fidelity prototype the users focused on
evaluating the current functions, whereas on the high-fidelity prototype they also gave
recommendations, which functions to add such as drawing inside the slides or adding additional useful
information such as discounts or city events.

Here it is interesting to mention, that 10 out 13 people prefer to use a multi-purpose system instead of
a basic system, which fits to our finding here.
What would you improve in this prototype?
Compared to the first iteration of the paper prototype, we were able to consider the following
suggested improvements:
o
o
o

Change names of sections and make it more clear and understandable à “Classes” instead of
“Academics” and additional subcategories indicating the content of the section
Home button more visible and accessible on every screen à implementation in side bar
Layout less crowded and a minimalist look à reorganization of the dashboard

Apart from these realized improvements, there were some additional ones, detected by the students in
the second iteration:
o
o
o
o

Visibility of top bar and chat function
Marking last slides
Global calendar with all assignments
Redesign of food menu table

If you had one wish free, what or which function would you like to have for such a system?
Compared to the low-fidelity prototype, the wishes for additional functions differed pretty much, apart
from recording the class, which was mentioned in both prototypes, but could simply not been
considered for implementation for the second iteration.
However, we considered the wishes of the first test of an easy schedule, floor plans and a job section
for the high-fidelity system and offered these functions.
Also, in the paper draft the participants concentrated on social and campus functions, whereas in the
web app they mentioned more useful functions inside the class context, namely concerning slides,
interaction functions or the customization of the system. This also fits to our profile of participants,
where 11 out 13 people prefer a system to be customizable rather than standard.

Summary of usability problems

The below table provides an overview about the main identified usability problems of the prototype, summarized from the
previous analyses and the observations and impressions stated in chapter 5.
The issues are sorted by relevance, starting from 1 (=very relevant) with decreasing relevance. How relevant the individual
issue is, was determined by the frequency of appearance (how many users dealt with or detected this issue) and additionally
by the researchers’ impressions.

No. Issue

1

User Interface

Details
Chat function and pop-ups difficult to notice
Side menu and top bar separated
No innovative design

2
3
4
5

Food menu table looks like subscription
No usage of pop-up notifications / Self explorer
User control
No customizations options
No shortcut link to food from main menu
Navigation
Navigation hierarchy with navigation hub, no direct access
Learnability
Hard to familiarize for first time usage
Slides: professor’s progress, recording, drawing, download
Collaboration: online drive for team work
Additional Functionalities
Calendar with all assignments
City events, discounts
Table 22. Identified usability problems

User Interface The biggest issue detected by the participants was the user interface and specifically the
fact, that only three participants could find the chat icon, as it was too small in the top bar and all were
focused on the main side menu. This also affected other measures such as Effectiveness and Efficiency.
This led us to the conclusion that the separation of these two elements – side menu and top bar – is
also problematic. Moreover, the users rated the user interface as more standard and not innovative
and some especially had problems with the design of the food menu table.
User Control The second problem field concerns the user control. Many students didn’t use the
supportive function of the pop-up to be guided by the system, maybe because the majority prefers
self-exploring instead of guidance for a system and also because of its placement on the right upper
corner. Also, some felt unsecure and not confident using the system, as well as the system was
unpredictable at some point and some customizing options were missing.
Navigation The navigation issues in the high-fidelity prototype were evaluated more serious than in the
low-fidelity prototype. This could be due to the fact that many students didn’t even discover the small
pop-ups, so that they needed to rely more on the actual navigation. This issue got worse than in the
low fidelity prototype, as they didn’t feel guided by the pop-up notifications and they had to click more.
Some users expressed their wish for a shorter way reach the Menu from the main page, wanting the
item used as description for the section to be links, shortcuts to the indicated page. Also, the missing
direct access to the home page and the separation into the sections at the beginning was difficult for
some participants. To make the side bar not cluttered, but at the same time, offering direct access to
all elements, is a huge challenge.
Learnability The SUS, UEQ as well as the post-interview detected some learnability issues. Some users
claimed to need more time to explore all functions and get used to the system.
Functionalities The set of functions that were offered in the prototype were very well received by the
students, being evaluated as useful. They proposed as an improvement the addition of functions inside
the class context, namely concerning slides, interaction functions or the customization of the system
but also for the social part of the application such as adding additional useful information such as
discounts or city events.

Regarding the usability problems that were identified on the prototype, we can see a clear
improvement from the low fidelity version. Most of the problems that were identified on the previous
iteration were solved. The problems that were identified as priority on the analysis of the results of the
usability test performed on the paper prototypes such as crowded Design, Terminology and
Integrations in the context of use are not considered to be problems anymore. The new version
eliminated also the problem of the system matching the real world, by adding the feature to identify
the students and the professors by an avatar with their real faces.

Proposal of improvement
In the following table we suggest improvements for each of our identified usability problems:
Topic

User Interface

Navigation

Improvement
Include top bar functions into side bar
or make it bigger with text label
Make pop-up bigger and place them
centrally
Make design more motivating and
innovative (still considering mental
model of users)
Provide direct access to all important
elements from every screen (e.g.
change “view” with one click from class
to campus life)
Eliminate Main Navigation Hub
Hide Paper work (less important)

Issue to be eliminated
Chat function difficult to notice
Side menu and top bar separated

pop-ups difficult to notice
No innovative design
Food menu table looks like subscription
No shortcut link to food from main
menu
Navigation hierarchy with navigation
hub, no direct access

User Control

Offer customization options and setting
whether to receive pop-ups or not

No usage of pop-up notifications / Selfexplorer
No customizations options

Learnability /
User Control

Offer quick guided tutorial for first-time
usage to explore system with the
option to customize system

Hard to familiarize for first time usage

Third iteration to evaluate usefulness
(vs. overload) of additional
functionalities

Slides: professor’s progress, recording,
drawing, download
Collaboration: online drive for team
work
Calendar with all assignments
City events, discounts

Additional
Functionalities

Table 23. Suggested improvements for identified usability problems

General conclusions
In general, we can argue to have achieved good results throughout the project. Especially the fact that
we were able to implement almost all suggested improvements from the first iteration of the paper
prototype resulted in good rating by the user in the high-fidelity web app. For us, at this point it was
very useful and interesting to learn and experience the importance of the user when developing a
system.
From the positive feedback that we good for the usefulness of the system, we are confident to say that
this would be the right way and the future of interaction in a university class, comparing to most of
today’s class with frontal teaching with PowerPoint slides.
However, we also learned from this project that you also always need to consider the possible risks and
challenges in the context of use, such as integrating devices into a class, the professor’s personal
teaching methods as well as the individual user’s perception and preferences regarding a system and
its interaction.
Especially satisfying and considering these two different user profiles of students and professors was
sometimes quite challenging throughout the project. Not only, we had a lot of additional effort in the
first iteration, two develop four different prototypes, but also to handle such contradictory results of
the professor preferring a mobile (better integration into the class) and students preferring a desktop
device (bigger screen size, better overview). This led us to the decision to focus solely on the students
in the second iteration. It goes without saying that for the future system implementation, the user
profiles of the professors and their needs also absolutely need to be considered.
As in terms of team work we were lucky to have differential contribution to the project with one
student being specialized in programming and the implementation of the high-fidelity prototype and
one project member with a focus on writing and design. Unfortunately, we faced issues with the third
team member, as he, even after talking constantly to him, letting him choose his preferred part of the
project and offering him help, was not willing to contribute to the extent as of the other two team
members. In our suggestion, therefore the project should also contain individual assignments and
gradings, so that less engaged students, who don’t show motivation – neither to contribute to work,
nor to change themselves after talking multiple times as a team – actually need to work and cannot
solely rely on the other team members, that will do the work for them.
Overall, we can say that we learned a lot during this project, especially the whole user-centred design
process with multiple iterations and to see the improvements between the iterations, was very
interesting for us. Applying all the learned techniques and theory into one project and at the same time
having the freedom to develop a system of our choice, was motivating and a different way of class.

