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1 Introduction

1.1 General goal: Determining factors influencing educational value

A general goal of our WP is to coordinate research on factors influencing the educational value
of online experiments. This includes the areas of collaborative learning, the impression of
interacting with reality (authenticity) and the ease of use (usability). Also, good combinations of
virtual, remote and local experiment components (blended experiments) for an optimal learning
experience are researched. Research results shall provide a solid base for the development of
future online experiments that are of high educational value to professional learning
organizations and their students.

1.2 Laboratory tests and joint research reports

The educational value is determined in laboratory tests, where students use the online
experiments under controlled conditions or in field tests. Evaluation methods include student
observation, performance tests, and measurement of knowledge gain and student satisfaction.

One activity towards this goal is the writing of joint research reports. These reports raise
awareness about each others research approaches, lead towards a unification of terms and
concepts and provide a base for knowledge transfer between partners. They will also help to
identify research areas of interest for future common research project proposals.

1.3 Focus and partner contributions

The task 3.1 focuses on the areas of cooperation and blended experiments. It draws from
ongoing research activities at the partners L3S, EPFL and KTH.

- L3S investigates the influence of face-to-face versus computer-mediated synchronous
communication within student groups, and between students and a tutor on learning
effectiveness, student motivation and consulting effort.

- EPFL investigates the support of flexible learning, where students can work in multiple
sessions with an experiment, both in the usual local laboratory and from a distant
location over the Internet. In both cases, facilities for communication, data sharing, and
awareness are offered in order to promote group work.

- KTH has a strong background in computer based training of Heat and Power
Technology using hypermedia, multimedia, local experiments, and experiment
simulations. They determine the respective strengths of virtual, remote and local
experiments based on students’ impression of learning.

1.4 Overview of laboratory tests

A summary of the design and the main results of each laboratory test are given below. Reports
describing the evaluations in more detail are contained in appendix 1-3.

1.4.1 Face-to-face versus computer-mediated synchronous communication?

In many fields, as for example in engineering education, it is common that small groups of
students work together on experiments. As online experiments do not require the physical
presence of students near the experiment equipment, such groups do not need to meet face-to-
face in one room to work with the experiments. When students work in a geographically
distributed group, they communicate through computer-mediated channels like text chat, audio
conferencing, video conferencing, and application sharing. Unfortunately, these channels do not
convey non-verbal messages (e.g., facial expressions) as faithfully as direct face-to-face

! See appendix 1
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communication. In addition, it is more difficult to refer to an object on the screen by application
sharing than by pointing with a finger at it. But it is not obvious whether these difficulties in
communication will hinder successful cooperation of distributed student groups. To determine
the potential impact of computer-mediated communication on student learning, an educational
evaluation was performed at L3S in the winter term 2003/2004. Students worked with a laser
display device, which they controlled manually and wrote control programs for.

In the study, the students worked in groups of two with the laser experiment, and all groups
were assisted by a remote tutor. There were 6 groups in the collocated and 7 groups in the
distributed setting, totaling 26 students of electrical engineering and computer science. The
students in the collocated setting were located in one room, communicated face to face and
also had two computers available. The students in the distributed setting were allocated to
different rooms and communicated via computers by means of text chat, video conferencing,
and desktop sharing.

Students in the distributed setting missed the availability of social cues. This difference was
statistically significant, but did not hinder effective cooperation. The fact that the coordination of
task performing in the distributed setting was rated as good as that in the collocated setting
indicates that desktop sharing and video conference enabled an effective collaboration.
Although an additional effort was needed in communication, this did not have a practically
significant impact on task achievement and student motivation. The initial knowledge was more
important for the outcomes: Using a Pearson correlation test statistically significant correlations
were found between the initial knowledge and the task performance (r =0.581, p=0.019). In
contrast to initial knowledge, the kind of setting (distributed or collocated) alone did not correlate
statistically significant with this outcome (r=0.286, p=0.171). But the partial correlation between
setting and task performance, eliminating the influence of initial knowledge was statistically
significant, indicating a slightly better performance in the collocated setting (r = 0.524, p=0.040).
Student satisfaction was equally high in both settings. Student motivation was mainly driven by
self-determined motivational regulations.

This study outcome can be seen as an indication that distributed remotely controlled
laboratories are an educationally sound alternative to collocated laboratories. Students can
benefit from the increased flexibility in time and location without major losses in the quality of
the educational experience.

1.4.2 Support for flexible learning?

To sustain the flexible learning deployment, the Sustainable Interaction System Group at the
School of Engineering, Swiss Federal Institute of Technology in Lausanne (EPFL) has
developed the eMersion environment, which is currently used in Automatic Control, Fluid
Mechanics and Biomechanics courses at the School of Engineering at EPFL. The environment
provides students with the possibility to carry out experimentation in a flexible way, i.e. students
can perform multi-session experiments in local face-to-face sessions in a traditional laboratory
or over the web from a distant location. The eMersion environment contains all the components
necessary to successfully complete laboratory assignments. An important component within the
eMersion environment is the eJournal, which has been designed as an extended laboratory
journal. The eJournal provides professors, assistants, and students with a shared workspace for
collaboration, and for sustaining the continuity of interaction. The eJournal also supplies
different metrics for the learning evaluation. The metrics are based on the fragments, which are
small data files originating from eMersion components or external programs.

The eMersion usage was evaluated in the automatic control laboratory courses at EPFL, from
the 2002 winter semester to the 2004 summer semester. The last two of these semesters are
part of the report. Between 30 and 156 students participated in a semester. The course is
mandatory for electrical, mechanical, and micro engineering study programs at the School of
Engineering at EPFL.

2 See appendix 2
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Users rated their satisfaction with the eMersion user interface by means of a questionnaire with
19 items on a scale from 1 (not satisfied) to 7 (very satisfied). Average satisfaction in the 2003
winter semester was 4.06 (n=36, SD=1.27) and in the 2004 summer semester 4.16 (n=22,
SD=1.11) which confirms that students are on average satisfied with the eMersion user
interface. Students proposed different improvements for the tool, with an extended help system
being named most often.

The eMersion tool was used both during face-to-face sessions in the laboratory and remotely.
About 46% of fragments were created during remote sessions in the recent two semesters. This
indicates that the tool is useful and used both in local and remote sessions.

Students were categorized into either local or remote users. Both types of users performed
equally well as there were no statistically significant differences in grade achievement. So the
tool provides good support for both kinds of users.

There is a statistically significant correlation of r=0.296 between number of fragments created
and grades obtained. This is an indication that working intensively with the task assignments
and the remote experiment leads to better achievement.

Fragment creation statistics show that students are by far most active on the day of the local
laboratory sessions and also, to some extent, the day before.

As an integrated environment eMersion encompasses information documents, task step
management, experimentation component, data analysis, message exchange and file
exchange. It seems that it offers the needed functionality, as 93% (winter semester 2003) resp.
88% (summer semester 2004) of fragments were created within eMersion (“Intra-Fragments”).

The exchange of fragments between groups was used for social network analysis. The network
was found to be highly central as all groups communicate with the teaching staff group, and
there was much less communication between student groups.

1.4.3 Roles of virtual, remote, and local versions of an experiment®

At the division of Heat and Power Technology at KTH, a real local turbomachinery linear
cascade experiment has been extended through Internet-based remote control (remote
experiment) and a software simulation (virtual experiment). Evaluation of the three alternatives
was performed in years 2003-2004. The Linear Cascade lab was part of a regular Thermal
Turbomachinery course. Students were supposed to learn how to determine cascade losses
through experimental measurements and subsequent data analysis. The evaluation was
performed with 20 students in four groups of 4-6 persons each. All students performed the
same experimental sequence including the virtual experiment, the remote experiment, and the
local experiment.

Student prepared for the laboratory work at home by using the virtual experiment. For the
remote lab exercise, the students gathered in a lecture room with a multimedia projector
connected to a computer. The computer was connected via the Internet to the remote lab.
Students had a verbal quiz for assessment of their knowledge about the virtual lab. After
finishing the remote part of the lab exercise the students were asked to fill in a questionnaire
comparing their experiences from the remotely controlled lab and the virtual lab. In the next step
the students went to the actual lab room with the real equipment, which they had just controlled
remotely. In the local lab they had to finish the measurements started remotely. After completing
measurements students filled in the second questionnaire, comparing the remote lab with the
local lab.

On average students spent 13 minutes to become familiar with the remote lab interface, but
after that it took them only 5 minutes to get used to the local lab. This clearly indicates the
positive training transfer, because they performed the remote lab exercise prior to performing it
in the local lab. Average time to get acquainted with the virtual lab was 14 minutes, about 1
minute more than for the remote lab, even though the remote lab turned out to be more complex
to use. Acceptance of working remotely was high, 80% of the students were motivated to do

% See Appendix 3
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remotely controlled laboratory exercises in the future. Closeness to reality of the remote lab was
perceived as relatively high (75% of the students). Students’ expectations towards sensory
immersion in the remote lab were met well. Students expressed a strongly pronounced interest
in getting in contact with a real lab facility. To understand this wish one has to know that in heat
and power technology education, equipment is very expensive and thus relatively rare. In the
given educational conditions, the remote lab constituted a better approximation of the real local
lab situation than the virtual lab. The remote lab was found to be a good alternative to the local
lab.

These results were confirmed in a second study in September to November 2004. Students
noted that additional video cameras installed for remote control and observation actually were
very useful in the local setting, too, as it allowed inspections of parts not accessible otherwise.

Two feasibility studies with university classes connecting from developing countries (Sri Lanka
and Venezuela) showed that the existing slow Internet connection did not suffice to connect to
the remote lab devices. Only after installation of a fast Internet connection at the Venezuela
University, students could work with the remote lab. Since then, it has been used successfully in
November 2004 and May 2005 as part of a regular course.
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Figure 3: Web based experiment environment for laser display experiment

4 Study design

To determine the effect of distributed group work in the specific context of remotely controlled
experiments, we performed a comparative evaluation. It compared the learning process of distributed
groups with groups cooperating locally (see Figure 4). In both cases, students were supported by a
tele-tutor. Students and tutor could communicate with the synchronous communication tools video
conferencing, desktop sharing and text chat.

/ Collocated group WOI’h

Distributed group work

Tele-Tutor

K Tele-Tutor /

Figure 4: Study settings: collocated versus distributed group work

In both settings students had the same task assignments and were assisted by the same tele-tutor, so
these are constant factors in the study. Dependent variables measured in the study were: task success,
motivation, importance of communication media, contentedness with support and consulting effort



(Figure 5). Also quality aspects of communication and coordination of task solving were determined.
The dependent variables are not only influenced by the setting, but also by students’ initial knowledge
and language proficiency. They are included as control variables in the study to determine and
compare their effect sizes. Also this allows better determining the true influence of the setting on
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4.1 Participants

Study participants were students from the University of Hannover, Germany. They attained the course
“Programming Il: Introduction to programming in Java” in the winter term 2003/2004. Main subjects
in the course were:

e Java language elements

e Basics of object-oriented programming
e Simple abstract data types

e Graphics output

e Programming graphical user interfaces

e Filel/O
e Threads
e Applets

There were 10 regular homework assignments for this course and students providing at least 5 correct
solutions obtained a bonus in the end of semester test. An extra assignment was offered this term:
participating in the research study by programming in the laboratory session with the remote
experiment “picture generation with a laser display”. Study participants were informed during the
lecture of this opportunity, and participation can thus be seen as voluntary. Many students (31 groups
of two persons) expressed their interest to participate, 22 groups accepted a date but only 15 groups
showed up. Of them 2 participated in a pilot study, so 13 groups participated in the main study. The
groups were randomly assigned to the distributed setting (7 groups) and the collocated setting (6

groups).
One group was formed by the study team, all other groups had formed themselves and applied
together, so one can assume that students in a group knew each other.

Students were between 20 and 28 years old (mean: 22,8), 3 female and 23 male. Their major was in
electrical engineering (8), computer science (13) and engineering economics (4). The curriculum



suggests students to take the course in their first term and this was the case for 11 students. Several
were from the third term (4), fifth term (8) and even the seventh term (1).

A substantial number of foreign students, mostly from China, participated in the study. The tutor
noticed that many of them had problems to communicate in German or English, so he took notes about
their language proficiency. As no formal test was used and the observed proficiency was either
sufficient or problematic, a dichotomous variable was used to represent it. There were no mixed
groups; either both members had high or low language proficiency, so it is now recorded as a group
variable, with 5 out of 13 groups classified as low language proficiency.

4.2 Laboratory session time line

One week in advance students received an email with instructions how to prepare for the laboratory
session. They should spend one hour reading the web based documentation to learn about the
hardware and software of the experiment and to prepare the program source code for task 3a.

The laboratory session took place in dedicated rooms at the University of Hannover for a total of four
hours. Students were welcomed and introduced to the web based experiment environment (10
minutes). For students working distributed, this included the desktop sharing program. They then
answered the entry questionnaire (15 min). For working on the task assignments students had 180
minutes time and the tele-tutor was available constantly to assist them during this time. The session
closed with the exit questionnaire (25 min) and an interview (10 min).

4.3 Tasks

Main learning subjects in the laboratory session were remote control, remote maintenance and object-
oriented programming of graphics and animations. Programming of graphics was chosen after
consulting with the lecturer of the course “Introduction to programming in Java”, because it fits well
with the subjects of the course. At the time of the study, in the mid of the term, students had acquired
some basic knowledge in Java programming. But the lecturer informed us that students in general had
difficulties to understand advanced object-oriented programming concepts.

In the laboratory session, students worked on four tasks (Table 1). The tutor rated quality of the task
solutions provided by the students. The maximum number of points achievable for each task is given
in the table. Task one only served to introduce the web based learning environment, so it was not
rated. Also the expected working time for each task is given. But only for the first two tasks these
times were enforced, as they are of a more simple and introductory nature.

Table 1: Task duration and points

Task part Description Dura}t|on Points
(min)

Start Java methods to generate animations. Watch

1 L o 15 0
animations with video cameras.

2 Measure speed of laser deflection. 15 10

3a Deyelop program to draw a static scene of geometric 40 o5
objects.

3b Animate the scene by rotating and enlarging it. 20 15

43 Extend the graptllcs library with the new class 45 25
»LaserCharacter*.

b Extend thge gf‘aphlcs library with the new class 15 o5
,LaserString“.

In the first task students got to know the web based learning environment by starting Java methods and
watching animations with video cameras. The second task introduced the coordinate system and



allowed measuring the speed of the laser deflection by a series of test drawings. Both tasks were of an
introductory style and gave students the opportunity to practice remote control and remote
maintenance.

In the third task, students programmed line graphics and animations in Java, starting from an example
program. In task 3a, students developed a program that draws a simple graphics scene, consisting of a
square, a triangle and a circle. Students prepared the program source file at home, but debugging and
completing it was done during the session. In task 3b this program was extended to display an
animation of the rotating and expanding scene. Students could use the example program as a basis for
their programming, but also had to look up some Java methods in the graphics library documentation.
This task is of medium difficulty, as the structure of the example program can be reused so only a
simple transfer of knowledge is needed.

The fourth task is more demanding, as there are no hints given how to proceed and there is no example
solution for a similar problem. Also more advanced object-oriented programming concepts need to be
understood and applied to extend a graphical programming library. Students should add classes to
display characters and character strings as line drawings. They were provided with a skeleton
(incomplete) program source code for these two Java classes. Still students had to understand how
these classes relate to the existing programming library through inheritance of Java methods and they
had to add program code that would perform the line drawing.

4.3.1 Perspectives from CSCW and CSCL research

Theories from CSCW and CSCL research provide classification of tasks and can aid in selecting
appropriate communication media. Two theories are used here to classify the tasks in the study.

Grath (Grath 1993, see also Paechter 2003) defines eight types of cooperative tasks (Figure 6). The
tasks in this study mainly belong to the category “Intellective tasks: solving problems with a correct
answer”. Students perform complete actions in the study, with planning, decision an execution
processes. The execution processes include operating the graphical user interface of an Applet in task
2 and editing program source code in tasks 3 to 4. These are classified as “Performances/ psycho-
motor tasks”.
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Figure 6 Classification of group tasks (Grath 1996)



The “Media Synchronicity Theory” (Dennis, Valacich, 1999) classifies tasks by the communication
processes needed to solve them. It defines conveyance as the process of gathering information and
convergence as the development of a joint understanding regarding certain information. Both
processes are relevant for the study tasks. In tasks 3 to 4 students need to gather information about
methods available in the laser graphics programming library (conveyance). But to solve the tasks,
students also need to reach a consensus how to proceed (convergence). The experience from this and
previous studies is that students in a programming laboratory do not have a phase of conveyance
followed by a phase of convergence but instead interweave both processes. Students tend to solve
programming tasks in small steps, following a “trial and error” approach.

4.4 Data collection and analysis

At the beginning of the laboratory session, students filled in an online questionnaire. It covered the
following areas:

= Biographical data (age, sex, major, study duration)

e Duration of preparation for laboratory session

e Experience in programming (self assessment)

e Initial knowledge
The Initial Knowledge test was a multiple choice test, with four questions on the remote experiment
and six questions on Java programming. All questions received equal weight in the analysis, so the
number of correct answers was used as the indicator for initial knowledge.

During the laboratory session the tutor wrote a protocol of the consulting. For each task part he noted
the duration of consulting, number of relevant hints given and the student working time. To prepare
for a detailed analysis of student problem solving strategy, also communication between persons and
the contents of one student computer screen was recorded.

As only few groups managed to reach task 4, to prevent a ceiling effect, only tasks 1 to 3 were used to
calculate task success.

As described above, the tutor rated the solutions students provided for the tasks for their completeness
and correctness, assigning raw points to each task (Table 1). The number relevant hints given to
student were subtracted, to compensate for the advantage students had from a hint. This gave a net
point, or quality of problem solving for each group. By dividing it by students working time they spent
on the tasks, the efficiency of problem solving was calculated. This reflects that it is better, if more
work gets done in the same time or less time is needed for the same amount of work.

raw points - hints given

working time

Efficiency of problemsolving =

From a theoretical point of view, efficiency of problem solving is a better indicator for task success
than raw points or quality of problems solving, as it takes most solution attributes into account. This
was confirmed in the statistical analysis, where it also in had the strongest correlation with the
independent variables of the study (language proficiency, initial knowledge, setting).

At the end of the laboratory session, students filled in an online exit questionnaire. It included the
following areas:

e Cooperative problem solving and individual learning success

e Importance of communication media and their technical quality

e Contentedness with tele-tutorial support

e Quality aspects of communication and coordination

* Roles of cooperation partners

e Motivation and relevant conditions for motivation

Students rated the importance of the communication media text chat, audio, video and desktop sharing
and the technical quality of the communication media. Contentedness with tele-tutorial support
included how easy it was to contact the tutor, how clear and comprehensible his hints were and
whether a local tutor would be preferred.



The different kinds of motivational regulations were measured with a questionnaire developed by
Prenzel (Prenzel et. al. 1996), who in turn based it on the Self Determination Theory of motivation.
Relevant conditions to promote motivation are support for competence, autonomy and social
relatedness.

Quality aspects of communication and coordination include:

e Task related attributes (contribution and consensus)

= Coordination attributes (ease of communication, integration of contributions)

» Auvailability of social cues

e Socio-emotional aspects
This part was based on a questionnaire developed by Dittler (Dittler 2001), with some adaptations in
the parts “social cues” and “technical quality of communication media”.

In a semi-structured interview, students were asked for their experience with the laboratory session.
Question areas included task difficulty, relationship and cooperation of students, communication and
discussion style, coordination of work, communication media and authenticity.

5 Results

5.1 Initial knowledge

Students prepared at home for the laboratory session. They were told that this would typically take one
hour time, but they needed 1.8 hours on average according to the entry questionnaire.

The initial knowledge in experiment setup and Java programming was assessed with a multiple choice
test with 10 items. Students scored 5.4 (SD 1.9) out of 10 points on average.

When asked about their Java knowledge most students responded they knew simple procedural
concepts like FOR-loops (22 answers) whereas much fewer were confident in higher level object-
oriented concepts like overloading of methods (10 answers). Most students (20) said they had written
own programs during the course, but for almost half of the students (10) it was the first time they
learned a programming language.

It can be summarized that students on average had prepared for the laboratory session and had some
basic knowledge in Java programming, but were not fluent in programming nor were they well
prepared for complex programming tasks involving higher level object-oriented concepts.

5.2 Importance of communication media

Students working in the distributed setting communicated computer-mediated with application
sharing, audio, video and text chat. In the collocated setting, students communicated face-to-face and
could directly view and point to the same computer screen. Communication with the tutor was
computer-mediated in both settings. Of the communication media students regarded application
sharing (4.1) and audio transmission (4.7) as important, whereas video transmission (2.4) and text chat
(1.8) were regarded as less important (Scale 0 to 5 on the exit questionnaire). There was no
statistically significant difference between settings.

5.3 Contentedness with tele-tutorial support

Students were very content with tele-tutorial support. They felt it easy to contact the tutor (5.0),
understood explanations well (4.5), did not miss the personal contact (3,8 )** and would not have
preferred the tutor to be present locally (3,3 8)* (Scale 0 to 5 on the exit questionnaire). Again, there
was no statistically significant difference between settings.

2*: This question was asked with the reversed meaning, so the score is reversed here to display scores in a
unified direction.



5.4 Task success

5.4.1 Consulting effort

Students could contact the tutor and ask questions at any time. When student did not contact the tutor
for about 15 minutes, the tutor contacted the students and asked for their progress. If they were stuck,
he offered help. The tutor noted the duration of this support contacts and the number of hints for task
solving. Of the total student work time of 180 minutes, sum of support contacts duration was 59.8
minutes. Students needed 11.1 hints on average.

There is a trend that distributed groups needed more support time (54,8 vs. 40.7 min, p=16.6%) and
more hints (11.4 vs 6.5 hints, p=11.4%). It is not statistically significant, taken alone, but the partial
correlation analysis below does reveal statistical significance of setting on learning.

5.4.2 Data on tasks 1-3 used as basis

Only 6 of the 13 groups reached task 4, and only 4 groups solved some parts of task 4. For the first
three tasks support time was 54.8 minutes and number of hints was 9.15. On average groups obtained
41.4 out of 100 points for tasks 1-4. The low rate of groups reaching task 4, low number of points
obtained, long support duration (1/3 of work time) and high number of hints (9 for first 3 tasks) can be
seen as an indication that the tasks were very demanding for the students. This is why all subsequent
analysis uses data from tasks 1-3 only.

5.4.3 Quality and efficiency of task solving

Groups working distributed obtained less points (32.9 vs. 36.2 vs., p=0.57) (SD=13.5 vs. SD=5.8).
Also they needed more time for the tasks (155.9 vs. 135.8 min, p=0,35) (SD=34.4 vs. SD=39.4). But
due to the high variance both differences are not statistically significant.

5.4.4 Correlation analysis

The main research guestion is which influence the distributed versus collocated setting has on task
success. This was investigated with Pearson correlations between the setting, coded as 0 for distributed
and 1 for collocated and the task performance.

But taken alone, the setting did not have a statistically significant influence on learning (Pearson
correlation r=0.286, p=0.171).

It is known from learning research, that initial knowledge has a strong influence on task success and
learning outcomes. This was also true in this case (r=0.518, p=0.035), where it was statistically
significant.

Also language proficiency obviously has an influence on task success, as it determines how well
instructional document, and the experiment user interface are understood and also how well students
can communicate with the tutor and thus explain their problems and understand hints towards solution.
It turned out to be a strong factor in this study (r=0.694, p=0.004) and statistically highly significant.

Using a partial correlation, the influence of language proficiency was eliminated numerically. This
only raised the (partial) correlation between setting and task success slightly (r = 0.305, p=0.167) and
slightly reduced the correlation between initial knowledge and task success (r=0.548, p=0.033).

But reducing the influence of initial knowledge by a partial correlation between setting and task
success did raise the correlation factor a lot (r=0.524, p=0.040) and yields a statistically significant
correlation.

5.5 Subjective rating of cooperative problem solving and individual
learning success

Students were content with the results of their work (3.4), felt they had reached more together than
they would have individually (3.4) and they hat learned well (3.3) (Scale 1= not at all true, 4 = very
true, exit questionnaire). Ratings were very similar in both settings (p=0.89, 0.78, 0.87).
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5.6 Motivation and relevant conditions

Motivation and relevant conditions were determined with the exit questionnaire with a scale from 1
(never) to 5 (did apply very often).

During the laboratory session, self-determined forms of motivational regulation were dominant.
Amoativation (1.1) and extrinsic (1.3) regulations were rather low, whereas introjected (3.1), identified
(3.4), intrinsic (3.5) and interested (3.2) regulations where on a similar high level.

Of the perceived support for motivation competence (2.1) was rather low, while autonomy (3.2) and
social relatedness (4.5) where rather high. Students obviously felt the tasks were quite difficult. This
view is supported by the objective measures of task performance (see above). It is very good to see
that social relatedness was felt so high, given that the tutor only was available as a tele-tutor
(computer-mediated).

There where several differences between distributed and collocated settings that were statistically
significant or nearly significant. Intrinsic (3.8 vs. 3.2, p=0.065) and interested (3.5 vs. 2.72, p=0.024)
regulation was stronger in the distributed setting. This may be a consequence of the fact that for nearly
all students in the distributed setting working over video conferencing and application sharing was a
new and exciting experience. The student statements in the interviews support this explanation. This
effect is known as Hawthorne effect in psychology. Identified regulation (3.1 vs. 3.8, p=0.052) was
weaker in the distributed setting. This is hard to explain, as the relevance of the learning content
(remote control and remote programming) for students’ education was the same in both settings. And
it is the congruence of the task outcomes with ones own life goals that are the main driving factor for
identified regulation.

Perceived competence (3.3 vs. 2.6, p= 0.045) was higher in the distributed setting. This is even true,
when initial knowledge is eliminated in a partial correlation between setting and perceived competence
(r=0.345, p=0.050, n=25). Again, this is hard to explain, as the tasks to solve were the same in both
settings. One might even have argued for the inverse trend, because computer-mediated
communication can be a burden, compared with face-to-face communication.

5.7 Quality aspects of communication and coordination

Students rated aspects of the quality of the communication and coordination within their group on the
exit questionnaire on a scale of 1 (does not apply) to 4 (does apply completely).

5.7.1 Task related attributes

Students said their partner had contributed with good pre-knowledge (3.2), they had a lot of
discussions and could reach consensus (3.5). This was very similar between settings.

5.7.2 Coordination attributes

Coordination of communication is a measure for the ease of communication, how well students felt
their partner understood them and vice versa. The need to repeat sentences is for example a counter-
indication. Coordination of task solving is a measure how well the partners integrated work
contributions of each partner into the common work. This includes the speed of work, contributions
being taken serious and the ease of coordination. There is a trend that coordination of communication
was more difficult in the distributed setting (2.94 vs. 3.32, p=0.10), although it is not statistically
significant. But this did not hinder coordination of task solving, which worked similarly well in both
settings (3.27 vs. 3.15, p=0.50).

5.7.3 Availability of social clues

Social clues are non-verbal signals like facial expressions people send during communication to
indicate whether they understood their partners’ communication. They also relate to knowing whether
the partner is busy and where the partner points to.

Students clearly had fewer social clues in the distributed setting than in the collocated setting (2.6 vs.
3.1, p=0.023). This difference is statistically significant.
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It was expected to show up, as a small video image of head and shoulders of the partner makes it much
more difficult to grasp facial expressions. Also it is more difficult to see, what the partner is doing at
the moment. Pointing to a screen location is also somewhat more difficult with the mouse than with
the finger.

5.7.4 Socio-emotional aspects

Students had joy in working together (3.7), felt comfortable in the learning situation (3.6), experienced
good and friendly cooperation (3.6), and had good personal contact to the partner (3.8). Students
where somewhat less content with communication (1.8), which the felt was too impersonal and felt
working was too task oriented (2.5). This was similar in both settings.

5.8 Roles of cooperation partners
Students were asked who in their group had assumed a certain role:

e Planning and coordination of task work

e Asking the partner for his opinion

e Possessing much relevant knowledge

e Making propositions how to proceed

e Being good at programming

e Asking, when he does not know something
In general, students felt that both partners had equally taken these roles. There is a trend that students
in the collocated setting felt that none of them possessed much relevant knowledge or was good at
programming.

6 Conclusion

The study confirms results of a previous study on tele-tutorial support which showed that Students are
content with tele-tutorial support (Bohne, Rutters & Wagner, 2004). Audio and application sharing are
the most important communication media in a remote control and programming laboratory.

The main research question was the effect of student group distribution on task success. Students
groups working in the distributed rather than the collocated setting had a somewhat lower task success.
But this effect is smaller than the effects of initial knowledge and language proficiency. Also it only
becomes statistically significant in a partial correlation eliminating the influence of initial knowledge.
Student satisfaction was equally high in both settings. Student motivation was mainly driven by self-
determined motivational regulations. Some minor differences in motivational regulations observed
between settings should be clarified through new studies.

This study outcome can be seen as an indication, that distributed remotely controlled laboratories are
an educationally sound alternative to collocated laboratories. Students can benefit from the increased
flexibility in time and location without major losses in the quality of the educational experience.

More research with different student groups and learning content are needed to reach a higher external
validity of these findings. Also the internal validity, especially the accuracy of effect sizes and
correlations can be improved by incorporating more students as study participants.
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