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Abstract: This paper is focusing IT-supported real-time
formative feedback in a classroom context. The development of
a Student and Teacher Response System (STRS) is described.
Since there are a number of obstacles for effective interaction
in large classes, IT can be used to support the teachers aim to
find out if students understand the lecture and accordingly
adjust the content and design of the lecture. The system can be
used for formative assessment before, during, and after a
lecture. It is also possible for students to initiate interaction
during lectures by posing questions anonymously. The main
contributions of the paper are a) the description of the
interactive real-time system and b) the development process
behind it.
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l. Introduction

This paper is focusing on 1T-supported real time feedback in
a classroom context. Feedback in learning is defined as” the
transmission of evaluative or corrective information about an
action, event, or process to the original or controlling source”
[11]. Feedback is "specifically intended to provide feedback
on performance to improve and accelerate learning" [16:77].
In pedagogical research there is overwhelming evidence that
feedback is important for learning for example Biggs [2] and
Ramsden [15].

In a classroom, feedback can occur when students ask the
teacher about things they don’t understand or want to have
clarified. Teacher can also ask students questions of control

reasons. Did the students understand the lecture? In that
situation there are some circumstances that could turn to be
obstacles for communication between teachers and students.
For example there could be physical distance, seating
arrangements, impersonal atmosphere and a large number of
students in a classroom constraining student involvement [6].
In large classes, the direct communication with students
becomes difficult not only because of the big number of
students but even of the perplexity among each other. They
can feel intimidated from their peers and prefer not asking
questions about arguments they don’t understand. What is
commonly labelled as traditional lectures also tend to be
teacher centric which could result in passive students, which
is considered to have a negative effect on the learning
process [4].

It is difficult for the teacher to assess if the students
understand the subject being taught during lecture. In the
traditional lecture format it is difficult to test the
comprehension of the material and make students reflect
about what was being teach. They rarely receive feedback
concerning their thinking prior to the exam, and instructors
have a difficult time assessing students’ understanding of
particular material.

Furthermore, the ability of students to stay focused
during lecture falls dramatically after about 20 minutes. This
makes them lose an important portion of the lecture because
of the incapacity to catch up. In addition, the impersonal and
anonymous nature of the large course reduces students’ sense
of responsibility for class interaction [31].

Burns [32] found in his study from 1985 that “(1) impact
appeared to be greatest during the first 5-minute portion of
the presentation, with impact sufficient to cause students to
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report about 35% of all ideas presented; (2) impact declined,
but was relatively constant for the next two 5-minute
portions, and dropped to the lowest level during the 15- to
20-minute interval; (3) enumerated items shown with
numbers and print on the screen to accompany photographs
had heightened impact; (4) enumerated items listed first had
greater impact than those listed later; (5) when pairs of
parallel ideas were presented, the first one presented was
likely to have greater impact than the second; (6) presenting
a fixed number of ideas in a shortened time span did not
necessarily decrease the impact or retention, unless the
material was too compressed for comprehension; and (7)
presentations with more than about 40 ideas or bits of
information were likely to be less efficient, with impact
dropping off as the information load increases” [32].

Drawing on Burns a relevant aspect regarding feedback is
that the knowledge retention rate of lecturing is relatively
low to other more active learning approaches. According to
National Training Laboratories Bethel, Maine in USA, who
adapted the experience cone of Dale [29] the knowledge
retention rate increases when students are more active [29].
In the famous pyramid metaphor inspired by Dale (see
Figure 1) it is claimed that the knowledge retention when
students passively listen to lectures is 5%. Corresponding
percentages are for Reading 10%, audio-visual activities 20%,
demonstrations 30%, discussion groups 50%, Practice by
doing 75% and teaching others/immediate use as much as
90%.

The Learning Pyramid

AVERAGE RETENTION RATE

Teach Others/

Innsdiste Uss of Learning \l 0 4

National Training Laboratories Bethel, Maine

Figure 1 The Learning Pyramid inspired by Dale [28] [29]

Even though it seems as not quite transparent where these
numbers actually come from and what for example 90 %
average retention rate actually means, the pyramid
demonstrates how active and passive learning are related to
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the outcome of teaching. Learning is in most cases more
effective the more active students are. Introducing formative
feedback in the classroom is a way to activate students by
making them reflect actively about various domain related
issues during lectures.

As most teachers very well know, students’ concentration
might vary substantially during a lecture [8]. Cole and Kosc
[3] describe how they were frustrated by student’s Internet
surfing during lectures and how they succeeded to turn
students’ attention to the lecture by using SRS with clickers.

To summarize, there are a number of built-in obstacles
for communication between teachers and students that make
it harder for teachers to know to what degree the students
have understood the content of the lecture.

e  Students might hesitate to speak out in class

e Students might be afraid they to demonstrate

ignorance

e Seating arrangements might be unsuitable for

communication

Students’ concentration can occasionally be low
Students can surf on Internet with their smartphones
instead of engaging in lectures

e  Class time might be limited

The aim off this paper is to describe the development of a
Student Response System featuring formative feedback as a)
teacher-centered question-answer-feedback as well as b)
student-centered question-feedback. The objective of the
system is twofold; a) to give students formative feedback in
their learning process; and b) to give teachers input for
lecture adaption and design in order to improve learning and
performance. John Hattie [24] notes that “giving is not
receiving” which indicates that the important thing is how
the learner understands the feedback. The nature of the
feedback must be adjusted to the learner and the learning
context. Teach back about

Relevant to the study described in this paper is that
feedback from learners can provide the teachers with
feedback about their teaching methods. It is not necessarily
the students’ fault that they don’t perform as successful as
the teachers expect.

1. Formative feedback

Feedback in a learning context can be carried out as a
formative or summative assessment. Summative feedback
takes place after a course, a seminar or a lecture. Summative
feedback is for example comments to a home exam or a
report. According to Merry et al [34] insights can be
unlearned if students wait for a summative assessment rather
than getting specific information on their progress.

Formative assessment takes place during a learning event
and is defined as “...as information communicated to the
learner that is intended to modify his or her thinking or
behavior for the purpose of improving learning” [18:154].
Formative feedback moves the feedback process away from
being an ‘after the assessment event' transmission of
information from teacher to student and towards an ongoing
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dialogue to help build students' knowledge, skills, confidence
and perception about themselves as learners [5].

The main goal of formative feedback is “...to enhance
learning, performance, or both, engendering the formation of
accurate, targeted conceptualizations and skills.” [18:175]. A
literature study of the field by Shute [18] concludes that
feedback generally improves learning, even though there are
gaps in research regarding the role of interaction between
task characteristics, instructional contexts, and students’
characteristics.

Formative assessment can take many forms. According to
Shute [18] categories of the formative feedback are: no
feedback, verification, correct response, try again, error
flagging, and elaborated feedback.

Elaborated feedback implies provision of an explanation
why an answer was correct or not. In the case of the STRS
the following feedback subtypes are relevant.

a) Attribute isolation “presents information addressing
central attributes of the target concept or skill being studied”.

b) Topic contingent is “providing the learner with
information relating to the target topic currently being
studied”.

c) Bugs/misconceptions is “provides information about
the learner’s specific errors or misconceptions (e.g. what is
wrong and why)” [18:160].

There are a number of formative feedback models
focusing different aspects. The five-stage-feedback-cycle
model of Bangert-Drowns et al. [1] is focusing the learners
role in the feedback process, which is presented as a
constantly ongoing cycle. The stages are the following:
[1:217]

1. Learner’s initial state. (Degree of interest, goal
orientation, degree of self-efficiacy, and degree of
prior knowledge.

2. Search and retrieval strategies are activated by a
question. It is presumed that information stored in a
richer context of elaborations would be easier to
locate in memory because there are more pathways
providing access to the information.

3. The learner responds to a question and has some
expectation about what feedback will indicate.

4. The learner evaluates the response in light of
information given in feedback. The nature of the
evaluation may depend on the learner’s expectations
about the feedback and the nature of the feedback.

5. Adjustments are made to relevant knowledge, self-
efficiacy, interests, and goals as a result of the
response evaluation.

In the case of the STRS it is not just the learner that is
focused but also the teacher. The system is expected to give
the teacher input for adjusting lectures to become more
effective regarding the students’ learning process [13]. To
this end we are using the model of Narciss & Huth [12] since
it is also focusing the instructional factor. The Narciss &
Huth model depicts the following three factors [12], [18]:

1. Instruction. The instructional factor consists of three
main elements: a) the instructional objectives (e.g.
learning goals or standards relating to some
curriculum), b) the learning tasks (e.g. knowledge

items, cognitive operations, metacognitive skills),
and c) errors and obstacles (e.g. typical errors,
incorrect strategies, sources of errors).

2. Learner. Information concerning the learner that is
relevant to feedback design includes a) learning
objectives and goals, b) prior knowledge, skills, and
abilities (e.g. domain dependent, such as content
knowledge, and domain independent, such as meta-
cognitive skills), and academic motivation (e.g.
learners’ need for academic achievement, academic
self-efficiacy, and metamotivational skills).

3. Feedback. Consists of three main elements: a) the
content of the feedback (i.e. evaluative aspects, such
as verification, and informative aspects, such as hints,
cues, analogies, explanations, and worked-out
examples), b) the function of the feedback (i.e.
cognitive, metacognitive, and motivational), and c)
the presentation of the feedback components (i.e.
timing, schedule, and perhaps adaptivity
considerations).

As for the STRS, the learner is of course representing the
main focus, since he/she is supposed to improve his/her
learning process via the STRS. Still the system is meant to
assist the teacher in didactical decisions regarding selection
and presentation of the course material. Therefore, the
instruction and feedback factors are together with their
components of specific interest when developing and
evaluating the STRS.

According to Shute’s literature study [18] there are
cognitive mechanisms of formative feedback that can be
beneficial to a learner. Firstly formative feedback can elicit a
gap between the learners’ level of performance and a desired
level. Bridging this gap can motivate the learner to work
harder. Secondly, formative feedback can reduce the
cognitive load of the learner through supportive feedback.
This is specifically beneficial for beginners or low
performing learners. Thirdly, information from the teacher
can help the learner to correct less appropriate strategies or
misconceptions. The more specific the information is the
better for the learner.

It is notable that formative feedback is not always
successful. In her literature study Shute [18] found that
formative feedback resulted in negative effects in one third of
the studies. The reasons for the negative effects were that
critical or controlling feedback could be counterproductive.
Further on, learning can be hindered by grades or assessment,
especially when the feedback is vague or less specific.

Valerie Shute has formulated guidelines meant to
“maximize the power of feedback™ [18]. John Hattie [24] has
selected a number of these guidelines that he considers to be
specifically important.
focus feedback on the task not the learner,
provide elaborated feedback,
present elaborated feedback in manageable units,
be specific and clear with feedback messages,
keep feedback as simple as possible but no simpler,
reduce uncertainty between performance and goals,
give unbiased, objective feedback, written or via
computer,
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8. promote a learning goal orientation via feedback,

1. Student response system (SRS)

A Student Response System is a learning technology for use
mostly in classrooms. This technology is designed to provide
interactive student-teacher communications systems. Various
names are used such as Student, Personal or Group Response
Systems (SRS, PRS, and GRS), Classroom Communication
Systems or “Clicker” Systems. The basic technology has a
potential as an additional pedagogical tool for classrooms.
SRS can “contribute to improved frequency and quality of
interactions and encourage a collaborative active learning
environment” [9:11). Further on the use of SRS has been
found to increase student engagement and participation in
learning situations [10].

Briefly, an SRS is a technology that enables the teacher
to ask questions to the students, often in the form of multiple-
choice quiz, and the students respond with a small handheld
device, often referred to as "clickers". Responses can be
given anonymously, reducing the border for student
participation in the classroom [7].

The main objective of a Student Response System (SRS)
is to improve feedback in classroom lecture. A Student
Response System (SRS) is a system that allows the teacher to
pose questions during an educational session, for example a
lecture. Students are expected to give answers via some
device and the teacher receives information on how students
have understood a certain concept, construct or situation [5].

Functions of a Student Response System can be different
sorts of questions, like Multiple choice, Single Choice,
True/False, and Open answer. There could also be more
advanced features such as quizzes or team competition.
[26],[27] Further on there is a teachers interface where the
teacher can create and release questions. The students’
answers can be shown as diagrams presenting frequencies for
various answers or in free text. The teacher can sometimes
choose if he/she wants to show the answers in real time to the
students or wait until all students have answered the
questions.

Factors that contribute to students’ positive attitude to
SRS are “a desire to be engaged, a view that traditional
lecture styles are not the best, valuing of feedback, class
standing, previous experience with lecture courses,
anticipated course performance, and amount of clicker use in
the classroom” [20]. Perceived benefits for classroom
environment are increased attendance, attention levels,
participation and engagement [21]. Learning benefits are:
improved interaction, discussion, quality of learning, and
learning performance [21].

Naturally there are challenges too. Kay & LaSage
mention that students must adjust to new methods of learning
and that some students feel monitored [21]. Challenges for
teachers are lack of training, time, incentives, and sometimes
conflicts with professional identity, when pedagogy seems to
be more important than research [22]. Some teachers also
consider the sudden demand to answer to students’
instantaneous feedback to be a challenge [21].
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There are a number of existing SRSs that demonstrate the
features mentioned above. Various techniques are applied.
Some use clickers, other are web based. There are pros and
cons to all techniques. The clicker technique includes certain
equipment in the classroom, which might imply some
planning and room allocation. On the other hand it does not
cost the student anything. Web based systems are possible to
use anywhere, where it is possible to access the Internet.

Even if existing systems can improve the quality of
communication it is still teacher centric. Students answer
questions formulated by the teacher. None of these systems
provides the option of allowing the students to initiate
anonymous interaction based on their understanding and
their point of view. To our knowledge there is a gap with
regards to an interactive SRS where both students and
teachers can initiate interaction in real-time. We call such a
system a student and teacher response system, a STRS.

The STRS described here can be found at
http://t.studentresponse.se (teachers view) and
http://studentresponse.se (students view).

IV.  Methodology

A. Strategy

The overall strategy has been a design and creation approach
[14] and the chosen method is the agile method Scrum [17].
The reason for choosing Scrum is the inherent potential to
adapt to changes and to produce testable modules. From the
very beginning the aim was to be open to input from teachers,
students and other stakeholders. The outspoken nature of
agile methods is therefore appropriate for the aim of the
project.

B. Scrum

Scrum roles used during the project were Product owner,
Scrum team and Scrum master. Product owner was a teacher
with special interest in IT-support for pedagogical feedback.
The Scrum team was rather small, just three persons. One of
the team members was appointed Scrum master, responsible
for meetings, contact with stakeholders and administration in
general.

First we carried out a feasibility study. The initiator and
product owner was interviewed in order to collect
requirements and make first version of the product backlog.
During the project there were daily Scrum meetings as much
as was possible. The work was organized in sprints of
approximately one month length. The product owner
participated in sprint meetings where the product backlog
was updated.

Regarding the design of the system we applied a three
layer architecture for the sake of flexibility and we used .net
as software environment. The database was normalized for
maintenance flexibility.

C. Quality assurance

As quality assurance model we used the Quality framework
of Zeist & Hendriks [19] to organize and complement
aspects initiated and not initiated by the product owner. The
characteristics of the framework are depicted and prioritized
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in Table 9999 below. Priority 1 is high, 2 is medium, and 3 is

low.

Table 1 Quality criteria

table 3 below we list the identified risks (col 1) together with
probability (P, 1-5), effect (E, 1-5), and perceived risk (PR,
1-25). 1 is low and 5/25 is high. In column 5, Measure we
have noted the measure for each risk in case the risk turns to
an incident. Risks with no measures did not occur.

Table 2 Risk analysis

Risk PR Measure

N|T
&(m

Inadequate time planning 8  Reprioritize
specification

Requirements not finished 2 4 8  Reprioritize

on time specification
Inadequate specification 3 4 12 Create use case
Inadequate communication 1 2 2

with product owner

Inadequate communication 1 5 5  Daily scrum
in the project group meetings
Inadequate ability to manage 2 5 10 Identify key
requirements change requirements
Sickness in project group 3 4 12 Reprioritize

specification
Lacking commitment of 1 2 3
product owner

Attribute Criterion Priority

Functionality

Suitability Address relevant 1
requirements

Accuracy Correct implementation 2
of requirements

Security Keep security in mind 2

Reliability

Fault tolerance Errors should be handled 3
and logged

Recoverability Efficient recovery after 3
error

Maturity Few errors 2

Usability

Comprehensibility  All sorts of users should 1
understand the
application

Learnability Easy to learn for students 1
and teachers

Operability Clear  functions and 2
according to specification

Attractiveness User should navigate 3
easily and enjoy the
interface

Efficiency

Time behavior Low response time to 2
data base, server and
client

Maintenability

Analyzability Errors should be traceable 2

Changeability Not  prevent  further 2
development

Stability Keep stability when 2
further  developed or
changed

Testability When changed, no need 2
to test existing functions

Portability

Adaptability Should work in most web 1
readers

Installability No installation should be 1
needed

Portability Should be able to use 2

compliance anywhere at any time.

Internet connection

necessary

The criteria and priorities were validated with the product

owner in meetings throughout the development project.

D. Risk analysis

Another gquality assurance measure was to assess risks of
various kinds and to plan for how to mitigate the risks. In

E. Tests

When the system was testable we tested it in a lecture with
48 students. The teacher had prepared questions to the
students, which they answered via the STRS. The students
could also send questions to the teacher during the lecture.

The students were asked to answer questions via
questionnaires before and after the lecture. Before the lecture
we asked about their attitude toward asking and answering
questions during lectures. After the lecture we asked the
students about

e If the system was easy to understand

e their understanding the teacher’s answers,

e how the feedback questions affected their interest

o if they wanted to use such a system on regular basis

Further on we have analyzed the STRS from the learners’
perspective according to the model of Bangert-Drowns et al.
[1]. The feedback types of the STRS have been classified
using the Shute [18] model. Finally we have used the Narciss
& Huth [12] model to reflect upon how the STRS can be
used by the teacher to adapt teaching strategies.

V. Result

A.  The development of the system

The feasibility study revealed a number of requirements from
the stakeholders. Important stakeholders were students,
teachers, department manager, and quality manager. All of
them were interviewed in order to complete the product
backlog. The product backlog finally contained 41
requirements, which took more than 600 hours to implement.
The two most time consuming requirements were 140 hours
for “The WCF-service must be secured”, and 80 hours for
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“Allowing the teacher to see students’ questions”. The WCF-
requirement was planned to take 40 hours to complete and
was obviously the most problematic requirement to
implement since it took 100 hours more. The most crucial
requirements were for teachers to be able to pose questions
before during and after lectures. Another one was to be able
to see the responses without the students seeing them and
thereby being guided by other students’ answers. Another
equally crucial requirement was for students to be able to
pose questions anonymously during lectures.

With reference to the Quality framework of Zeist &
Hendriks [19] we took a number of measures to improve
system quality, see table 1.

Table 3 Design characteristics and measures

Charac- Measures
teristics
Functiona  Regular contact with the product owner to capture

lity requirements. All requirements were documented
in the Product Backlog. Some examples:
Anonymity, students must fell safe to put “dumb”
questions. Low cost, students must be able to
afford using the system. Usable, the system be
must be enough easy to use so that the teachers
feel it is worthwhile.

The main priority is to minimize the number of
potential errors. The code has been validated over
and over. All input is validated. A static class
logging all errors has been implemented.

This is mostly about code efficiency, which has
been improved through tests and validation.

This is both about design and layout. As for
design, especially the teacher interface has to be
enough easy to use so that the teachers perceive it
as worthwhile to use the STRS. As for layout,
standard layout guidelines have been applied.
[13)]

The STRS s tested in a class with 48 students.
We distributed questionnaires to students before
and after the lecture. The teacher was interviewed
afterwards.

A user manual is available.

A three layer architecture is applied and
documented to make maintenance easier, see
Figure 1. The programming code is XML-
commented. Names and classes are named in a
logical and descriptive way. The database is
normalized into nine tables. There are two
interfaces, one for teachers and one for students.
Standard modules were used as much as possible.
The STRS is tested in several web browsers and
platforms. Responsive design has been used. No
installation is necessary.

Relia-
bility

Efficiency

Usability

Maintai-
nability

Porta-
bility
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Figure 2 Three-layer architecture
B. The Webservice
The following methods were implemented in the

developed webservice:

bool AddTeacher(Teacher _teacher): Adds a new teacher
to the data base. Uses private class ToTeacher(_teacher) To
transform to an object of teacher that can be inserted in the
DB by EF.

bool Update Teacher(Teacher
information about a specific Teacher.

bool ChangePassword(string _input, string _password)
Description: Changes Teachers password. The Teacher to be
changed is found by Username or Mail.

bool AddLecture(Lecture _lecture): Adds a new lecture
to the database. Uses private class ToLecture(_lecture) to
transform to an object of teacher that can be inserted in the
DB by EF.

bool AddQuestion(Question _question): Adds a new
question into the DB. Uses private classs
ToQuestion(_question) to transform into an object of a
question that can be inserted in DB by EF.

bool AddAnswer(Answer _answer): Inserts a new answer
into the data base. Uses private class ToAnswer(_answer) to
transform into an object of answer that can be inserted in DB
by EF.

bool AddStudentQuestion(StudentQuestion
_studentQuestion): Adds a new studet questions to the DB.
Uses privete class ToStudentQuestion(_studentQuestion) to
transform into an object of studentQuestion that can be
inserted in DB by EF.

bool AnswerStudentQuestion(int _studentQuestionID,
string _studentQuestionAnswer): Adds an answer to a
student’s question to DB.

bool AddLoggedError(ErrorLoggern _errorLoggern): For
error logging in DB

List<Lecture>  GetTeacherLecture(int
Fetches all lectures created by a teacher.

List<StudentQuestion> GetStudentQuestions(int
_lecturelD): Fetches questions from students.

_teacher): Updates

_teacherID):
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Lecture GetLecture(string _lectureCode): Fetches a
lecture.

string GetLectureName(string _lectureCode): Fetches a
lecture name.

int GetNumberAnswers(int _questionID): Counts the
number of answers to a question.

Question  GetQuestion(int  _questionID):  Fetches
information about a question including the alternative
answers.

List<Question>  GetQuestions(string  _lectureCode):
Fetcj hes all questions for a lecture including the alternatives.

Question GetQuestionAnswers(int _questionlD): Fetches
the answers to a question including frequency of answers to
the alternatives.

Teacher GetTeacher(string
Teacher using Username.

Teacher  GetTeacherMailOrUsername(string
Fetches a Teacher using either Username or Mail.

string GetPassword(string _username): Fetches password
for a username.

bool CheckUsername(string _username): Checks if a
username is already used.

bool CheckUsernameOrMail(string _test): Checks if a
Username or Mail is in use.

bool CheckLectureCode(string _lectureCode): Checks if
a lecture code already exists.

bool LoginTeacher(string _username, string _password):
Login function checking if username and password matches.

bool LoginStudent(string _lectureCode): Login function
for students.

bool QuestionStart(int _questionID): Changes status of a
question from "NOT” to ACTIVE” for a specific question.

bool QuestionStartRest(string _lectureCode): Changes
staus of questions from "NOT” to ACTIVE” for questions
not active for a specific LectureCode.

bool QuestionStartAll(string _lectureCode): Changes
status of a question from ”NOT” or "DONE" to "ACTIVE”
for a specific LectureCode.

bool QuestionDone(int _questionID): Changes status of a

_username): Fetches a

input):

question from “ACTIVE” to “DONE” for a specific question.

bool QuestionDoneAll(string _lectureCode): Changes
status of a question from “ACTIVE” to “DONE” for all
question for a LectureCode.

C. Interface

The system is developed with two interfaces and two
domains, one for teachers and one for students. Teachers can
use their interface to enter questions and alternative answers,
see Figure 2. It is also used to receive answers to the
questions and also questions from students. Students’
interface is used for students to answer questions and to pose
own questions to the teacher, se Figure 3.

R
Loggaut

Home Create Lecture Your Lectures Students Questions My Pages

Hello andersavdic

Figure 3 Screenshot of teachers’ view

ST ENT

a

| | Sign in I

Figure 4 Screenshot of students’ view

D Systemin use

Firstly the teacher creates a login name and a password.
After that the teacher can create a course and a humber of
questions with alternative answers.

Lecture Name

OU DB Informatics A

Write your questicn
e N R ~ Type
What is the term form the meaning of a an expression?
Question  [=]

Correct answer Wrong answer

Syntax Semantics

Wrong answer Wrong answer

Concept Data base

| Create lecture and questions |

Figure 5 The teacher enters a question and available
alternatives.

The interaction can be designed in various ways. The
teacher can ask a question and give a number of alternative
answers. The teacher can also provide questions/statements
that are answered using the Likert scale e.g. Strongly agree,
Agree, Neutral, Disagree, Strongly disagree. The scale can be
modified to include various alternatives and a various
number of alternatives.

During the lecture the teacher will provide a code,
generated by the STRS. The teacher can activate the
questions when he/she likes; before, during or after the
lecture. The questions can be activated one-by-one or all at
the same time.

The students can log in to the course using the given code
and answer questions when the teacher activates them, see
Figure 5.
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OU DB Informatics A )|

The question is:

What is the term form the meaning of a an expression?

Figure 6 The student answers a question

By clicking the course button, the teacher can see the
distribution of answers, see Figure 6.

50

40

30

20

) .
0 |——— . .
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Figure 7 Example of distribution of answers

A special button is available for students who want to
alert the teacher to use a microphone, in case the classroom is
large or the acoustics is problematic in some way. Students
can also use the student-centric module 2 to ask specific
questions online to the teacher, see Figure 7. This is designed
to be anonymous. The teacher is alerted via the STRS that
there is a question waiting for an answer. The teacher can
choose to answer during the lecture or after, via the learning
platform. If the teacher prefers to answer after the lecture,
there is a template, which can be uploaded ti the Blackboard
learning platform.

Do you have any questions? Ask them below.

What is actually|a data base?

Figure 8 Students asking the teacher a question

E. Test of system

The tests were carried out in two classes of approximately 50
undergraduate information systems students in each class.
The course was Information Systems Basic Course. The
majority of the students studied their first semester at the
university.

The teachers were asked to prepare questions to be
delivered during the lectures. The questions were about basic
information systems and computer science knowledge.

Avdic et al.

As an example one question was: One of the following
alternatives is an operating system, which one? Alternatives:
MS-Windows 7, Java, MS-Office 2010, RUP.

Before the lecture the students filled in a questionnaire
with questions about their attitude to ask and answer
questions during lectures. 20% agreed that it was not easy to
pose questions to the teacher during lectures. 20% agreed
that it was not easy to answer questions in class. 16% had
never dared to pose a question during lecture and 10% had
never dared to answer a question during lecture. 20%
claimed it was tough to talk in front of class.

The after class questionnaire gave the following result:

e 100% thought the system was easy to understand

e 90% thought that their understanding of the teacher’s

answers was improved

100% thought it was easy to answer a question

85% thought that the feedback questions affected
their interest positively

e 95% claimed they wanted to use such a system on

regular basis

100% of the students owned a smartphone (60%), a
laptop (36%), or a tablet (4%). In Sweden 78 % of the
population used smartphones in 2013 [30] and for younger
people the frequency is even higher. Since all students could
use the university WiFi, there are no costs related to the use
of the STRS, which is an important democratic aspect.
According to Trees & Jackson [20] a high humber of devices
and students active in answering questions via SRS promotes
use whereas low number of devices and active students will
lower the use of SRS.

Half of the students provided free text answers. Half of
these students were all positive. Typical comments were:
“Good idea!”, “Good initiative”, “BIG UP!”, “Good work”,
“Perfect for those students who do not speak perfect
Swedish”, and “You will be rich!”. Other comments : “Not
always easy to understand the questions”. “I want to see
the %-distribution”. “Adapt better to smartphones”.
“Scrolling was not smooth”. The lecture lost some flow”.
“Better with an app. Web is old fashioned”.

Even though the development and testing was overall
successful and much appreciated both by students and
teachers, some problems were identified. The most
significant problem was security. It was very time consuming
to configure the web service to be secure. Coverage was
another problem. Wireless coverage was not that excellent in
all classrooms. There were no examples of abusive
anonymous messages during the tests, but the question of
possible misuse was raised by the interviewed teachers.

F. Theoretical Analysis

The models presented in section Il Formative feedback are
all general models not taking computer support into
consideration. In this section we are relating these general
models to the STRS in order to elaborate how the system
supports formative feedback.

The feedback type of the STRS is not fixed. It is up to the
teacher to decide how to answer the students. He/she can
choose any feedback type. But as the system is aimed at
improving effectiveness of lectures, we can categorize
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potential feedback type as elaborated verification (Shute,
2008) regarding the teacher-centric aspect (module 1). The
elaboration consists of attribute isolation, topic contingent,
and bugs/misconceptions. The feedback is immediate, since
the students know that the teacher have access to the their
answers immediately. The student-centric feedback (module
2) is classified as an elaborated-topic contingent type of
feedback, which means that the feedback is dependent on
what type of question the student is posing. The feedback of
the student-centric module can be immediate or delayed.

According to the learner-centered five-stage model of
Bangert-Drowns et al [1] we can see the STRS as a trigger of
the search and retrieval activity for all students in a class.
The STRS would affect all students in their learning process
by activating cognitive mechanisms. The nature of the STRS
makes all students present in the class aware of the teacher’s
question and the distribution of the answers. All students will
be able to take part of the teacher’s response and they will be
able to pose questions about the response orally or by using
the student-centric module. Further on the teacher will
receive input for (re)designing his/her lecture regarding
content and/or design until next time he/she is lecturing on
the same topic. Next time the course runs and the same
question is posed, there will be an opportunity to compare
the students’ answers.

As we apply the Narciss & Huth [12] model, we can
structure the contributions of the STRS further.

Instruction: Objectives and tasks are the basis for
lecturing, answers and feedback.

Learner: From the teachers’ point of view, the students’
responses can give information about the students’ prior
knowledge, skills and abilities, which would be useful for
designing lectures. In Information systems the component of
pre-knowledge could vary substantially between students.
Some students have been working professionally in the ICT
sector before they start studying and are therefore skilled in
certain subdomains, while other students are beginners to the
information systems field.

Feedback: This factor relates to how the teacher chooses
to answer the students. Considering the objectives, tasks and
errors (instruction) and students’ pre-knowledge, and
estimated motivation (learner) the teacher will have basis for
designing an answer addressing the students on an
appropriate level.

The major achievement with using the STRS is that the
teacher will via module 1 get a real-time overview of how
the students perceive the content of lecture and can thereby
immediately or with a delay reconsider how to address the
students. Via module 2 he/she will provide an opportunity for
students to elaborate their questions in order to understand
and to make the teacher even more aware of what is not
effectively communicated in the lecture.

VI. Discussion

From theory and from our inquiries, we can say that
anonymity is important to a number of students. If no
channels to interact anonymously are present, these students
might not be able to understand the subject in question as

much as they would if they had a chance to alert the teacher
that they don’t understand certain aspects of a lecture.

One reason for students to refrain from interacting during
lectures is insecurity and a fear to appear as ignorant or even
dumb. We believe that using the STRS would make it easier
to share the responsibility of poor understanding between
students and teachers. The fact that a certain aspect was
poorly understood could just as well be caused by the
teacher’s way of lecturing as the students’ ability to
understand.

Notable is that the system can be used to give the teacher
feedback before, during and after a lecture. The teacher can
initially check the knowledge level of e.g. some central
concepts. The teacher can also see, during the lecture,
whether the students have understood specific aspects. After
the lecture the teacher can pose some follow-up questions to
see how the lecture was understood by the students. The
feedback is this way mainly formative, which makes it
possible for the teacher to adjust his/her teaching according
to the knowledge level of the students. In informatics the
knowledge level varies a lot between students. The STRS
gives the teacher more specific knowledge about what is
known and what is not known, and how the knowledge is
distributed in the class.

In the literature studied for this paper, focus is normally
on the students learning process directly. In our case we
focus also on the learning of the learner as a result of the
content and design of lectures. If the students have
misunderstood a certain part of a lecture, there are reasons to
believe that the lecture could be more effectively organized,
regarding content and/or design. Our objective is not just to
give learners feedback in their learning process but also to
give teacher feedback in their lecture design.

There are two major contributions from this project. One
is the double directed nature of the STRS. Students can
initiate interaction, not just the teacher. The second
contribution is the description of the development process of
the system. Existing SRS:s have not provided that earlier.

The STRS is being implemented on regular basis at the
department of Informatics at Orebro University as from fall
2013. One lesson learned from the tests of the system is that
teacher might have to adapt their lecture planning to integrate
the functions of the STRS in a more structured way. This will
be the next project of the STRS research, to align the use of
the STRS with lecturing in informatics. As for the system
itself, we will continue to refine security and implement
encryption in the entire system.
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