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Abstract—To reduce the passivity of students in large lectures, we 

propose to enhance the classroom with the digital backchannel 

Backstage, which aims at promoting awareness and 

participation. We tested Backstage in a preliminary user study at 

a relatively early stage of development. Besides gaining first 

impressions of usability, we were particularly interested in the 

kinds of questions raised on Backstage and how they correlate to 

the participants' attitudes towards questioning. The study 

confirms known issues regarding questioning that are not fully 

overcome with the tested prototype. Thus it is concluded that the 

concept of Backstage needs to be extended in order to embrace 

remedial assistance in how to ask adequate questions during 

lectures. 

Collaborative Learning, Enhanced Classroom, Digital 

Backchannel,    Questioning 

I. INTRODUCTION 

Maybe everyone in her academic life has attended some 
instructor-centered lectures with large and anonymous 
audiences and only few students actively participating in the 
lecture. Although findings suggest that active participation 
contributes to better learning (e.g. [1,2]), large class lectures do 
not provide much space for an actively participating and 
collaborating audience. Certainly, social mediation, i.e., the 
feasibility of social interaction between a teacher and her 
audience as well as among the students, is a limiting factor: the 
larger the class, the fewer social interaction takes place. In 
groups with more than 30 members, a manager is needed to 
facilitate discourse. In many cases, the teacher plays this role 
[3].   

Discourse between persons often follows certain triadic 
communication structures or patterns. For example, a discourse 
pattern frequently observed in classrooms is the IRE (Initiation, 
Response, and Evaluation) pattern: the teacher initiates 
discourse by posing a question; a student responds to that 
question that is finally evaluated by the teacher. Besides 
evaluation, the discourse can also follow the IRF (Initiation, 
Response, and Follow up) pattern: the teacher may follow up 
on student‘s response with a further comment [3].  

Yet, in such a discourse usually only few persons, i.e. the 
teacher and a few students, are involved. The large part of the 
audience basically remains passive. According to the 
constructivist‘s perspective, however, learners construct their 

own knowledge and understanding, which requires active 
participation in the learning process [4]. Furthermore, 
educational scientists have developed the theory of 
communities of learners, according to which learning is not 
understood as a transfer of knowledge between experts, nor an 
acquisition of experts‘ knowledge by novices, but rather as a 
transformation of the learner‘s participation in the learning 
process [5].  

One way to increase active participation of and social 
interaction among students may be to employ textual 
computer-mediated communication in the classroom, since 
―Text-only CMD [Computer Mediated Discourse] is a 
surprisingly effective way to ‗do‘ interactional work […]‖ [6] 
(p. 11). Besides, CMD is effective in encouraging students to 
participate in the discourse. For example, in the field of second 
language learning, it has been observed how CMD is adopted 
by students for their learning and how it affects their 
participation [7]. It is reported on the observation that every 
student participated in CMD, including those students who are 
shy and more self-conscious about the mistakes they make than 
other students. Furthermore, the balanced nature of CMD has 
been highlighted: students that dominate classroom discourse, 
e.g. by answering every question posed by the teacher, do not 
dominate CMD. Every student gets a chance to speak without 
being interrupted. 

We propose to enhance the classroom with what are called 
digital backchannels, i.e., computer-mediated synchronous 
(textual) communication tools, making non-disruptive 
information exchange among the audience during the lecture 
possible. In particular, we hypothesize that providing a social 
environment in which questions can be raised during the 
lecture is a major benefit of using backchannels in large class 
lectures. However, we contend that current digital 
backchannels do not sufficiently meet the conditions and 
requirements imposed by large class lectures.   

A. Using Backstage in Large Classes 

In a joint effort of computer and educational scientists, we 
developed the digital backchannel Backstage, which provides a 
rich set of interactions specifically tailored for the use in large 
lecture classes. Its functionalities comprise fast information 
exchange, various kinds of feedback dedicated to both the 
student and the lecturer, and incentives to partake.  In the 



remainder of this section, we provide a short overview of 
Backstage. For a more detailed description the interested reader 
is referred to [8]. 

By means of a microblog, students may exchange ideas and 
comments through short messages, comprising only a few 
words. The most prominent example of a microblog is 
Twitter

1
, in which messages comprise a maximum of 140 

characters. Microblogs allow messages to be written and read 
quickly, and hence are well suited for the use as digital 
backchannels in large class lectures. Backstage provides 
different modes of communication: messages can be visible 
either to the public or to certain users only (private 
communication). Besides, the author‘s username may be 
shown along with each of her message or be hidden 
(anonymous communication). Indeed, one can argue for or 
against the usefulness of all these modes of inter-personal 
communication. For example, anonymous communication 
certainly lowers the barrier to partake, especially during the 
first turns at the beginning of a semester, but may likewise 
simplify the dissemination of offending messages. We think 
that whether certain modes of communication should be 
available largely depends on the compilation of the audience 
and the topic of the lecture. Thus, Backstage is highly 
customizable by the lecturer, meaning that the lecturer, even 
during lecturing, can easily change the availability of the 
different modes of communication provided by Backstage.  

Students may assign messages to certain predefined 
categories, e.g. ―Question‖ or ―Lecturing Pace‖. According to 
these categories, messages can be filtered out, aggregated and 
be displayed at the lecturer‘s dashboard. This provides her with 
a concise and simple topic-related overview of the backchannel 
discourse. Thus, categories can be used by students to give 
immediate feedback to the lecturer related to contents (e.g. 
―Question‖, ―Remark‖) or to lecturing style (e.g. ―Lecturing 
Pace‖). 

Messages can furthermore be rated by students to assess the 
relevance of a message for the lecture. This is provided on 
Backstage by means of a simple rating scheme allowing 
students to quickly express approval or rejection of a message. 
Rating in the context of Backstage serves two important 
purposes. First, it makes possible to determine a ranking of the 
top k messages that can be displayed at the lecturer‘s 
dashboard. Combined with the topic-related aggregation of 
messages described in the previous paragraph the lecturer 
obtains a very concise, yet meaningful overview of the 
backchannel discourse. Second, rating provides feedback to 
students given by their peers. This feedback can furthermore be 
accumulated to form a kind of status for a student. The better 
her messages are rated the higher the status she gains. 

   To promote active participation the lecturer can conduct 
short quizzes, reminiscent to Audience Response Systems
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(ARS; e.g. [9-11]) via Backstage. A student‘s concentration 
drastically declines after 20 minutes of continuous lecture [2]. 
Quizzes allow the instructor to break up the lecture into smaller 
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 Audience Response Systems are also referred to as Student Response 

Systems, Personal Response Systems, and Clicker Systems, among others. 

sections and to assess factual knowledge and students‘ 
retention. In addition to fostering active participation, quizzes 
provide feedback about the student‘s performance relative to 
their peers. When the lecturer starts a quiz, the students‘ 
dashboards display a multiple-choice item. The students‘ 
responses are displayed and updated in real-time at the 
lecturer‘s dashboard. As soon as the lecturer closes the voting 
phase, the responses are aggregated and displayed at both the 
lecturer‘s and the students‘ dashboards for further review.  

B. Usability—A Tradeoff between Economy of Effort and 

Learning 

In [12], usability is defined as ―a quality attribute that 
assesses how easy user interfaces are to use―, and is 
operationalized by five variables. While some of these, e.g. the 
number and severity of errors the user makes (errors) or the 
time necessary to rebuild the knowledge acquired after some 
time of not using the system (memorability), are important to 
consider for all kind of software, the remaining three 
variables—learnability, efficiency, and satisfaction—are of 
particular importance for computer-based learning 
environments. 

In most cases it is rational to simplify user interactions by 
means of a clear and concise user interface (learnability) that 
enables users to quickly accomplish their tasks (efficiency). 
However, the resulting economy of effort, especially when 
considering user interfaces of applications for learning, might 
not always be the best way to improve learning processes and 
results. Studies on expertise have shown that many activities 
are quickly learned to an extent sufficient for daily life. In 
order to become an expert, however, it is necessary to 
perpetually reflect, and possibly deviate from, the activities as 
being taught [13]. Therefore it could be fruitful to provide user 
interactions that initiate some cognitive activity in the learning 
environment. 

Learning environments often adopt user interactions from 
well-known applications such as Facebook
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 or Twitter which 

are familiar to most learners. This allows users to quickly grasp 
the way to interact with the application (learnability) and to 
quickly accomplish the tasks without much need for settling in. 
However, besides mere usability, further—educational—design 
parameters need to be taken into account in order to ease 
interactions as well as provide for occasions in which the user 
can reflect on her interactions. Similar to Piaget‘s ―Conceptual 
Change‖ [14] that can be observed in children being stretched 
to their limits due to insufficient mental models of the world, 
adult learners should be stretched to their limits when carrying 
out learning tasks in a sub-optimal manner. Likewise, they 
should be provided with instructions supporting them in 
optimizing their learning. In Computer Supported 
Collaborative Learning (CSCL) this is frequently achieved by 
the provision of collaboration scripts: learners obtain roles 
according to which the tasks and the orders in which to carry 
out these tasks are specified. Several studies could substantiate 
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the superiority of this approach compared to respective controls 
(e.g. [15-17]). 

Undoubtedly, usability is an essential aspect of the design 
of learning platforms. However, it might prove reasonable—
with sound judgement—to attach more importance on 
educational claims (e.g. the conveyance of competencies in 
questioning) rather than on mere usability principles.  

C. Asking the Right Kinds of Questions to Improve 

Understanding 

In several articles (e.g. [18,19]) it has been argued that 
questioning is an important strategy to elaborate new 
knowledge. Unfortunately, students often find it difficult to ask 
for help and further explanation [20]. This is not surprising, 
considering that formulating questions already requires some 
understanding of, and former knowledge about, the topic (e.g. 
[18]). Questioning is thus subject of various fields of research. 
For example, reciprocal teaching [21] and script research (e.g. 
[22,23]) deal with questioning or at least highlights its 
importance [24].  

Not only the quantity, but also the quality, of questions is 
important for learning [23]. In ibid. a distinction is made 
between three kinds of questions: factual, comprehension, and 
integration questions.  The Table I summarizes the descriptions 
of questions and their distinctions regarding knowledge. 

Tab. I  Kinds of Questions (from [23], p. 350, with minor adaptations). 

Question Description  

Factual  Asks for recall of facts or other information 

explicitly covered in the lesson. 

 Encompasses knowledge restating: Simple 

statements of fact or information gleaned directly 

from the lesson or prior knowledge. 

  

Comprehension  Asks for a process or term to be described or 

defined. 

 Encompasses knowledge assimilation: 

Definitions, descriptions, and other material 

paraphrased in student‘s own words. 

  

Integration  Goes beyond what was explicitly stated in the 

lesson, connects two ideas together, or asks for an 

explanation, inference, justification, etc. 

 Encompasses knowledge integration: Makes new 

connections or goes beyond what was provided in 

the lesson — explanations, inferences, 

relationships between ideas, justifications, 

statements, linking session content to material 

from outside the lesson (prior knowledge and 

personal experience). 

 

In order to achieve better learning results, it is especially 
important to formulate integration questions as these are 
connected to a deeper elaboration, though it is quite uncommon 
that integration questions are raised without being fostered by 
appropriate guidance. These were the findings of the study 
presented in [23], were it has been shown that integration 
questions could be trained and lead to a ―more complex 
knowledge construction‖ (p. 338). 

D. Research Question 

We tested the Backstage prototype in a preliminary user 
study at an early stage of development. We focused on the 
following questions. (1) What are the participants‘ impressions 
of the usability of Backstage? (2) What kinds of questions were 
asked on Backstage in comparison to traditionally held 
presentations without any backchannel support? (3) How do 
these questions correlate with the participants‘ attitudes 
towards asking questions on Backstage? 

II. METHOD 

A. Participants and Design 

Nineteen participants from different subjects (mainly 
Educational Science and Informatics but also Psychology and 
German as foreign language) participated in this study. The 
mean age of the participants was M = 26.32 (SD = 3.33). Five  
(26.32 %) participants were female and fourteen (73.68 %) 
were male. Since few can be said about students‘ prior 
knowledge in large lectures, we decided to omit a pretest for 
this preliminary study and thus chose an experimental design 
with one control group. The participants were picked randomly 
from the different fields of study. Every participant in the 
experimental group was assigned a working place equipped 
with a PC, resembling traditional computer-based learning 
environments. Although unnecessary, each participant of the 
control group was also assigned a PC working place. 

To assure that the prototypical implementation of 
Backstage was able to cope with the amount of data that was to 
be processed we subdivided the experimental group (fourteen 
participants) into three subgroups with five and four 
participants, respectively. For the control group, we used the 
equal group size of five participants in order to ensure the 
participants weren‘t inhibited by a larger group size.  

B. The Learning Environment 

A 30-minutes presentation was held in front of each group 
in a room with PC workplaces. The presentation was about two 
educational subjects which were presented for ten to fifteen 
minutes each. The first talk was about the notion of transfer—
the definition, the reasons why it occasionally fails to take 
place and the ways to foster it. The second part was about the 
research on expertise—the definition and a short overview of 
this field. We tried to eliminate additional talk in the 
classroom. The participants of the control group listened to the 
presentation in a traditional way and thus were invited to raise 
hands.  

Prior to each trial, every participant in the experimental 
group was already logged into Backstage using pseudonyms. 
The experimental group could only use certain features of 
Backstage. As the study was conducted at an early stage of 
development, several features were not completely 
implemented or unstable. The participants were informed about 
the state of implementation and the features that could be used.   

The Figure 1 shows the layout of the students‘ dashboards. 
The microblog communication capabilities as described in 
Section I.A were completely functioning and available. The 



participants could also rate messages, although the rating 
scores of the messages were not aggregated and rendered along 
with each message. The participants could also assign 
messages to categories that were already aggregated properly 
and were rudimentarily displayed at the presenter‘s dashboard. 
The top-k ranking of messages was also not available but the 
presenter strived to respond to the questions that were raised on 
the backchannel. The quiz module was basically available, 
although the rendering of quiz results was still in need for 
improvements.  

C. Instruments and Dependent Variables 

The dependent variables were (1) usability, (2) the 
participants‘ attitudes towards asking questions, and (3) the 
number and kinds of questions asked during the presentation. 
The first two variables were mainly measured by questionnaire 
items and by analysis of the backchannel communication.  

We tested the usability with fourteen multiple choice 
questions (Likert scale
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 from 1 to 6) and three open items. 

Since the participants were using Backstage for the first time, 
we considered more important to measure the time needed to 
get acquainted with the application, than other usability 
aspects, e.g. the number of errors the participants made. Thus, 
the learnability was measured by the time needed to get 
acquainted with Backstage and usability was measured by 
multiple-choice questions like ―The application‘s user interface 
is clear and concise‖. The reliability of the usability questions 
were measured using Cronbach‘s α [25] that yields α = 0.91. In 
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 The linguistic grades corresponding to the numeric grades 1 to 6 are: 

―definitively disagree‖ (1), ―disagree‖,‖ tend to disagree‖, ‖tend to agree‖, 
―agree‖, and ―definitively agree‖ (6).  

addition, the three open items were meant to give a deeper 
insight in what the participants liked or missed. The answers 
were sighted by two coders and certain categories like 
―questions to the presenter‖ were counted. Cohen‘s Kappa, by 
which the consensus between the two coders is measured [26], 
yields κ = 0.92. 

The attitude towards questions was measured with seven 
multiple choice questions like ―I felt unsure when raising a 
question‖. The reliability yields α = 0.77.  

The backchannel communication was exported to log files 
and the statements of the control group were transcribed 
accordingly. The statements were classified twice by distinct 
coders into ―question‖, ―response to question‖, and ―feedback 
to the presenter‖. Since no other kinds of statements ended 
with questions marks, questions could be easily identified. A 
response to a question could be determined by its adjacency to 
the respective question or by context. Feedback to the presenter 
could be extracted in a similar way. In a second step, 
statements belonging to ―question‖ were further subdivided 
according to their content into the classes given in the Table I 
(κ = 0.74). 

Since the control group was not to answer questions 
regarding the usability of the application, we provided a similar 
questionnaire that focused on questioning. The outcomes of 
this questionnaire, however, are not presented in this article 
which focuses on the analysis of the process data.  

D. Procedure 

We conducted each trial during a 30-minutes presentation. 
The participants were assigned to the prepared places. For the 
control group, the places were additionally equipped with pen 

 
 

Figure 1 A participant's dashboard on Backstage. The picture shows the microblog editor and timeline (left) and the results of a quiz that has just been 

conducted (right). The dashboard shown is in German, since the user study was conducted in German.   



and paper and for the experimental group the login to 
Backstage had already been accomplished. The experimental 
group was provided with a brief introduction to Backstage and 
how to use the different functions. Furthermore, both 
experimental and control group were provided with a short 
summary about the outline of the study. The control group was 
particularly instructed to raise hands in order to pose a question 
during the presentation. The presentation was subdivided into 
two parts—the first part was about transfer, the second about 
expertise. After each section both groups were invited to raise 
questions. Immediately after the presentations, which were 
held comparably in contents and style, the participants were 
asked to fill out a questionnaire. 

E. Statistical Analysis 

Due to the small group sizes we decided to forgo inductive 
statistical analysis and to restrict ourselves to descriptive 
analysis. However, in most cases the heterogeneous t-tests (not 
reported on in this paper) reveal significant differences 
between traditional presentations and presentations with 
Backstage running. 

III. RESULTS 

A. Usability 

The mean M = 4.42 (SD = 0.78) on usability we measured 
is between ―tend to agree‖ and ―agree‖, thereby indicating that 
the participants found it easy and intuitive to work with 
Backstage: every participant posted at least one message on the 
backchannel during the presentation. Also, the participants‘ 
comments point in this direction. Notably, the time the 
participants stated to be necessary in order to get acquainted 
with Backstage highly varied. While the average was M = 8.79 
(SD = 8.34) minutes, the minimum time stated was one minute 
and the maximum was 30 minutes.  

By means of the open items we could figure out that the 
participants appreciated the possibility to directly send 
feedback to the presenter (mentioned eight times). The process 
data showed that the experimental groups gave feedback to the 
presenter more often than the control group (M = 5.43) which 
gave only short feedback, e.g. ―ok‖ for acknowledging  
(M = 0.40). Also, Backstage‘s quiz functionality to assess 
current knowledge was appreciated by the participants of the 
experimental groups (mentioned five times). 

However, they missed the easy-to-use communication 
known from other communication tools. Similar statements 
were made regarding the lack of presentations slides integrated 
in Backstage (mentioned twice). Three participants also noted 
the risk of getting distracted by the use of Backstage. 

B. Questions 

With Backstage the participants gave approximately nine 
times more remarks during the presentation than without the 
backchannel (Figure 2A). 

Among the messages on the backchannel, only a small 
fraction was off-topic (M = 2.5, SD = 2.82). A considerable 

amount of the messages were feedback (M = 5.42, SD = 5.57). 
The largest part was questions (Figure 2A). 

Participants of the experimental groups raised questions 
more frequently than of the control group. This is also reflected 
by the positive attitude towards asking questions on Backstage 
(M = 4.56; SD = .87). While few questions are about using 
Backstage, the large part of questions refer to the presentation 
contents. The questions of participants of the control group did 
not refer to the use of Backstage, but to the presentation‘s 
content only. The distribution of questions regarding the 
classification of questions as given in the Table I is illustrated 
in the Figure 2B. 

A) 

 

B) 

 

Figure 2 A) A participant‘s average number of contributions and questions, in 

particular. The numbers in brackets indicate the respective standard variances. 

B) A participant‘s average number of questions split in the kinds described in 
the Table I. The numbers in brackets indicate the respective standard 

variances. 



IV. DISCUSSION 

Since this article reports on a preliminary study mainly 
focusing on first impressions of the usability of Backstage, 
only few statements can be made regarding the usefulness of 
Backstage from an educational point of view. However, further 
studies to investigate the educational usefulness of Backstage 
are currently in the planning process. 

A. Usability 

The average time of nine minutes needed to get acquainted 
with Backstage is rather short, which can be attributed to the 
similarity to well-known platforms such as Twitter. However, 
the variability around the average could be a ramification of the 
participants‘ different notions of ―becoming acquainted with 
Backstage‖, their backgrounds, or their levels of experience 
with new media. For clarification, however, further 
investigation is necessary. 

Although the analysis of the questionnaires suggests that 
the participants liked working with Backstage, in the open 
items, the usability has been remarked to be in need of 
improvements. Keeping in mind that on Backstage the 
interaction design aims at triggering reflective thinking of 
users, this remark did not come up unexpectedly. Furthermore, 
the responds to the multiple choice questions suggest that most 
participants did not find the deficiencies too disturbing. The 
observation that every participant posted at least one message 
during the presentation indicates that Backstage is convenient 
to use and positively influences participation. 

Whether learners are content with such a ―rectified‖ user 
interaction design (satisfaction) or reject them, but at the same 
time achieve better learning outcomes, is an essential aspect 
that needs to be carefully considered. The learner may, 
similarly to motivation [27], develop satisfaction due to 
improved learning outcomes and positive feedback, despite 
initial rejection stemming from potential cuts in usability. 
However, one needs to clarify whether satisfaction and 
impressions of usability may change in the long run. 

The remarks regarding the quiz and the feedback 
functionalities of Backstage suggest that the effects of ARSs on 
active participation also apply to Backstage. To sum up, we 
may conclude that the users get along well with Backstage, 
even with the first (yet unfinished) prototypical 
implementation. No fundamental criticism was given, but 
further functionalities encouraged, e.g. the integration of 
presentation slides in Backstage. For the next stage of 
development we seized on this suggestion. The integration of 
presentation slides, however, needed careful consideration to fit 
the design rationale behind Backstage. This will be reported on 
in a companion paper in the near future. 

B. Questions 

Comparing the experimental to the control group, we could 
find indications for positive effects on the activity of the 
participants when using Backstage. Thus, more questions were 
raised on Backstage than being asked by the control group. The 
same applies to feedback addressed to the presenter. It should 
be noted that the participants of the control group only asked 
questions after invitation, maybe to avoid interrupting the 

presenter. In how far the increase of questions on Backstage 
has impact on the learning results needs to be investigated in a 
further study. However, we may assume that an increase of 
activity positively influences learning success and, therefore, 
motivation (e.g. [28]). However, as being stated by the 
participants, the raising of more questions may also contribute 
to distraction. Further investigation of this issue is required. 

Regarding questioning, the findings of [23] could be 
confirmed. In the experimental group the majority of questions 
were factual questions, lesser were comprehension questions, 
and the least integration questions. We consider this outcome 
as an indication that questioning on Backstage needs guidance. 
In a further step in Backstage‘s development we thus 
reconsidered the interactions and the way they need to be made 
feasible in order to account for the need of guidance. This issue 
will also be presented in a forthcoming companion paper. 

The high number of integration questions of the control 
group neither confirms the findings of [23], nor does it meet 
our expectations. However, this can be explained by the 
following two circumstances: (1) each remark in the smaller 
control group (compared to the experimental group) is in 
average of a greater influence (compared to the experimental 
group). (2) In the control group, most participants, i.e. three out 
of five, were students of Psychology and Educational Sciences 
and about to finish their studies. Since integration questions 
highly depend on prior knowledge, the described constellation 
of the group could explain the unexpected outcome. We cannot 
rule out that the topics chosen for the presentation have 
impinged on the participants‘ quality of questioning.  

In summary, the findings of this preliminary study suggest 
that Backstage has positive influence on the activation of 
learners during presentations. Another aspect of active 
participation that deserves investigation, besides the support in 
asking questions, is the use of Backstage in large lecture 
classes. Participants noted the risk of distraction when using 
Backstage in a real lecture setting. Findings on the basis of the 
Cognitive Load Theory support the participants‘ appraisal [29]. 
If predominant distraction can be verified in forthcoming 
studies, then it is necessary to adapt lectures appropriately in 
order to leverage Backstage. For example, this can be achieved 
by conceding breaks for questioning on the backchannel. A 
more thorough structuring of the lecture by means of macro-
scripts [30] may additionally support the versatile use of 
Backstage. In using these macro-scripts we can also include 
additional activities like collaboration in the lecture and 
support them in various ways. 
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