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Effectiveness of Video-based Training for Face-to-face 

Communication Skills of Software Engineers: Evidence from 

a Three-year Study 
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JA’AFARU MUSA , NEGAR MOHAMMADHASSAN , and RAUL VINCENT LUMAPAS , 
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Objectives. Communication skills are crucial for effective software development teams, but those skills are 

difficult to teach. The goal of our project is to evaluate the effectiveness of teaching face-to-face commu- 

nication skills using AVW-Space, a platform for video-based learning that provides personalized nudges to 

support student’s engagement during video watching. 

Participants. The participants in our study are second-year software engineering students. The study was 

conducted over three years, with students enrolled in a semester-long project course. 

Study Method. We performed a quasi-experimental study over three years to teach face-to-face com- 

munication using AVW-Space, a video-based learning platform. We present the instance of AVW-Space we 

developed to teach face-to-face communication. Participants watched and commented on 10 videos and later 

commented on the recording of their own team meeting. In 2020, the participants ( n = 50) did not receive 

nudges, and we use the data collected that year as control. In 2021 ( n = 49) and 2022 ( n = 48), nudges were 

provided adaptively to encourage students to write more and higher-quality comments. 

Findings. The findings from the study show the effectiveness of nudges. We found significant differences 

in engagement when nudges were provided. Furthermore, there is a causal effect of nudges on the interaction 

time, the total number of comments written, and the number of high-quality comments, as well as on learning. 

Finally, participants exposed to nudges reported higher perceived learning. 

Conclusions. Our research shows the effect of nudges on student engagement and learning while using 

the instance of AVW-Space for teaching face-to-face communication skills. Future work will explore other 

soft skills, as well as providing explanations for the decisions made by AVW-Space. 
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 INTRODUCTION 

.1 Problem 

oftware engineers need not only technical skills (e.g., about programming and technologies) but
lso soft skills that enable effective team work and communication with different stakeholders in a
roject. For example, communication skills are crucial in software engineering (SE) to elicit and
hare information with various stakeholders such as other developers and end users [ 53 ]. Face-
o-face meetings are especially important as they allow team members to share information and
ake decisions [ 19 ]. Accreditation bodies and universities acknowledge the importance of soft

kills [ 26 , 51 ]. However, teaching these skills is time-consuming, requires hands-on exercises, and
s therefore not easily scalable [ 3 , 25 ]. SE education predominantly fosters soft skills training in
roup projects [ 58 ], since exercising soft skills needs real project work with diverse teams and
onstant feedback and guidance from instructors. 

.2 Review of Relevant Scholarship 

1.2.1 Teaching Soft Skills in Software Engineering Education and Beyond. Soft skills can be prac-
iced in classrooms using debates, role playing, and demonstrations, as well as in case studies,
eld visits, and mock interviews [ 64 ]. One common approach for teaching soft skills in software
ngineering education is to develop dedicated courses [ 2 , 49 ], although students do not always ap-
reciate such courses [ 57 ]. Similarly, frequently used approach in software engineering education
s project-based learning (PBL) [ 12 ], where students work as a team to build a software system
 34 ] in an educational setting. PBL allows students to practice soft skills [ 51 , 40 ]. Recent work has
xplored how soft skills such as diversity impact student performance in team projects [ 29 ]. 

Another approach to teaching soft skills is having students record themselves while using partic-
lar soft skills. For example, outside software engineering, Rehear et al. [ 55 ] used role-play videos
o provide feedback to first-year dentistry students on their communication skills and how to im-
rove them. Although such approaches can be effective, they take significant resources in terms of
eaching time. Software engineering and computing courses often contain assessment items that
equire soft skills, but there is no explicit teaching of such skills due to already full curricula. 

There have also been approaches to teaching soft skills using game-based learning, in both
hysical and virtual spaces. Game-based learning (GBL) uses various gaming technologies to
reate entertaining environments to promote learning [ 62 ]. GBL approaches for teaching soft skills
ange from using physical environments such as board games, e.g., [ 59 ], and educational escape
ooms [ 4 ] to digitized environments. For example, Clark and colleagues [ 13 ] describe educational
scape rooms in which students work in teams to solve a problem (disarming a bomb) by solving
ultiple tests required to release an engineer hostage, with the main goal being improving com-
unication, leadership, and teamwork skills. Digitalized environments include simulations that

llow students to practice certain task while at the same time practicing their soft skills [ 28 ]. The
opularity of computer games gave rise to serious games , i.e., games primarily designed for learning
ather than entertainment [ 22 ]. McGowan and colleagues [ 42 ] describe Compete! , a single player
wo-dimensional serious game that requires final-year university students to use several soft skills
creative problem solving, communication, stress management, and teamwork) while working on
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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ustainability problems. The authors also point out the risks involved with serious games, as they
re often oversimplifications of real-life situations, thus making soft skills difficult to translate to
he real world. Furthermore, the lack of engagement can lead to shallow learning. 

A way to overcome challenges related to teaching soft skills is adopting Video-Based Learn-

ng (VBL) . Previous studies show that VBL is appropriate for teaching soft skills [ 3 , 15 , 17 , 20 ].
atching videos enables learners to recall their past experiences and also to see other people using

oft skills in various situations, thus facilitating reflection. We discuss the use of VBL for teaching
oft skills further in Section 1.2.3 . 

1.2.2 Engagement. It is widely acknowledged that passive learning is inferior to learning ac-
ively. In educational research, active learning is defined as a set of activities that the student
erforms on top of passive listening [ 5 ]. Active learning is student centered, as opposed to teacher-
entered classroom education. In active learning, the role of the teacher becomes that of a facil-
tator rather than the provider of information. Various types of activities can be used to engage
tudents actively: asking questions, solving problems, debating with peers, think-pair-share ex-
rcises, case studies, peer teaching, peer review, and others. In active learning, students perform
ctivities and at the same time reflect on their knowledge, learn from each other and improve their
ritical thinking skills, group work, and other soft skills. 

Our research is based on the Interactive-Constructive-Active-Passive (ICAP) theory of cog-
itive engagement [ 9 , 10 ], which describes engagement based on the overt behaviors students
nact while learning. ICAP identifies four categories of overt behaviors with decreasing level of
ngagement: Interactive (I), Constructive (C), Active (A), and Passive (P) . The theory states that the
ore engaged students are, the more they learn (I > C > A > P). Each learning mode has its own

haracteristic behaviors. Examples of the passive mode include listening to a lecture, watching a
ideo, or reading a text without performing any other activity. Such behaviors generally result
n storing the newly received information, the outcomes of which would be that the student can
ecall that information. In the Active mode, students might be taking verbatim notes while being
n a lecture or watching a video; such behaviors help integrate the new information with existing
nowledge. The constructive mode goes further, as the student is inferring relationships with exist-
ng knowledge. An example of the constructive mode for a student who is attending a lecture and
aking notes is when the student draws concept maps, self-explaining the material to themselves
r drawing analogies, thus enabling transfer. In the constructive mode, the student is generating
ew information or makes associations between the lecture/video content and their own experi-
nces. The characteristic feature of the interactive mode is dialoguing: The student may ask for
larifications, comparing the new information, discussing material with peers or teachers, so that
nowledge is co-created. For the interactive mode, all learners participating in the dialogue con-
ribute to the knowledge creation. The interactive mode also includes specific types of interactions
etween learners and computer-based learning environment, assuming that there is turn taking
nd what is discussed is generating new information. Chi and Wiley [ 9 , 10 ] admit that overt be-
aviors are not a perfect indicator of how the student is learning; the student may be just listening
o a lecture, without any overt behaviors, but internally could be self-explaining, making analogies
r reflecting on their knowledge, which means that the student is engaging with the material in a
onstructive way. However, overt behaviors (or lack of them) are much easier to observe and serve
s a good proxy for classifying learning situations. Chi and Wiley [ 9 ] also state that the boundaries
etween the four learning modes are blurry and that the student may engage in multiple learning
odes in one session. 
The ICAP theory has been validated empirically in numerous studies [ 9 , 10 ]. The results of the

rior studies with AVW-Space were in line with the ICAP theory [ 13 , 47 ], as discussed in the
ollowing section. 
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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1.2.3 Supporting Engagement in VBL. In online learning, videos are often the primary source
f information but require students to engage with presented material to learn. Mariachi et al. [ 44 ]
ote the similarity between watching videos and attending a lecture: In both cases, the student
eeds to be attentive, think about concepts being discussed, and integrate the newly acquired
nowledge with existing knowledge. Problems identified with VBL include limited interactivity
ith videos (including difficulties with navigating and searching), the lack of human interaction,
ersonalization, assessment, and feedback [ 8 , 14 ]. 
Just passively watching videos is not enough for learning [ 35 , 44 ]. Deep engagement with videos

an be supported in several ways, starting with the careful design of videos themselves [ 6 , 30 ] to
ower the cognitive load during VBL, by using segmenting and signaling to highlight important
arts of the video. Significant work has been done on increasing engagement with videos, by
dding annotation tools, quizzes, examples, and interactive exercises [ 35 , 36 , 52 , 63 ]. For example,
ovacs [ 36 ] found that students engage heavily with quizzes, as they see the benefit in testing

hemselves and receiving immediate feedback. The author also found that in-video quizzes can
nfluence students’ video-viewing behavior, with some students focusing predominantly on the
uizzes and seeking answers to the questions in preceding sections. Mariachi et al. [ 44 ] compared
 group of learners who passively watched videos to two groups using active learning strategies:
ideo annotations and in-video prompts. They found that students who annotated videos had
igher self-efficacy and higher learning. These kinds of approaches result in improved engagement
nd learning but require substantial effort by teachers. 

Data-driven approaches using interaction traces from VBL have been proposed to improve tech-
iques for video navigation, such as visualizations of collective navigation traces, dynamic timeline
crubbing, and enhanced in-video searches [ 8 ]. There are also approaches using students’ ratings,
nnotations and contributions to forums to support social navigation and collaborative learning [ 8 ,
4 ]. Hyper video players provide advanced controls for navigation through multiple videos, links
o supplementary material and support for collaboration. For example, Dodson et al. [ 23 ] present
 study with the Vide hypervideo player, in which students could watch lecture recordings. Vide
rovides visual representation of the video content in the form of a filmstrip, as well as the video
ranscript. The student can take notes and highlight parts of the video transcript. Vide also pro-
ides histograms below videos, displaying how much time the student spent on various parts of
he video. The student can navigate through the video by using the filmstrip or transcript. Note
truct [ 41 ] prompts users to take notes and later engages learners in reflecting and summarizing
heir notes. Durrell [ 14 ] extracts concepts from videos and organizes them in knowledge graphs,
hus allowing students to explore the video content more effectively. Other hypermedia players
rovide advanced control for navigation through multiple videos, links to supplementary material,
nd support for collaboration [ 7 ]. 

Active Video Watching (AVW) was suggested as a VBL approach that encourages reflective
earning [ 16 , 21 , 39 , 45 , 61 ]. The AVW-Space platform implements AVW by allowing instructors to
mbed YouTube videos for students to watch and comment on. The platform supports reflection
uring interactive note taking by requiring students to specify one of the teacher-specified as-
ects to each comment [ 21 ]. The aspects focus students’ attention on their previous experience or
hinking about the future performance. The platform also supports social learning through rating
f comments written by other students in the class. 
Early studies with AVW-Space show that students who write comments and rate comments

ritten by other students increase their knowledge. However, there was a substantial group of
tudents who do not engage with videos actively [ 45 ]. Therefore, nudges were added to AVW-
pace to increase engagement [ 20 , 21 ]. Nudges are used to encourage students to write comments,
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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hile at the same time preserving the student’s freedom to ignore nudges and use videos in their
referred way. 
There are two types of nudges in AVW-Space: reminder nudges and quality nudges. The goal

f reminder nudges is to encourage students to write comments, and such nudges are given to
tudents who passively watch videos [ 20 , 46 ]. The other type of nudges are quality nudges. AVW-
pace automatically classifies comments as students write them into three categories: low quality
brief, vague, or off-topic comments), medium quality (comments that repeat the video content),
nd high-quality comments (i.e., comments with elaboration, reflection or planning for the future)
 47 ]. Quality nudges are given when students write low-quality comments and provide examples
f high-quality comments or encourage students to write about a particular topic. These nudges
lso encourage students who have written high-quality nudges to continue writing them. Visual-
zations were also added to AVW-Space, to provide information about the student’s performance
n different activities to help them reflect on their learning [ 48 ]. The results of the studies show
hat the percentage of constructive students was higher when nudges and visualizations were
rovided to students. 
While video-based learning has been used to teach programming skills (e.g., by providing tuto-

ial videos to students or recording videos for later viewing), video-based learning of soft skills is
ot common in software engineering. 

.3 Aims and Research Questions 

rior research on AVW-Space focused on presentation skills as the target soft skill [ 21 , 47 ]. The
esearch reported in this article investigates the use of AVW-Space to teach a new soft skill:
ommunication in face-to-face software development meetings. Face-to-face meeting communi-
ation skills are particularly relevant for software engineering practitioners [ 27 ], since practition-
rs spend a significant amount of their time meeting and working with others (rather than sit-
ing down to write code on their own). For example, software engineers spend time in planning
eetings, working meetings with the whole team or parts of the team, review meetings, or one-

n-one’s with teammates, customers, or managers (and collaboration, psychological safety, trans-
arency and accountability strengthen the team’s ability to produce quality software) [ 1 ]. Please
ote that AVW-Space is freely available to teachers wanting to develop spaces for their classes
 https://w w w.canterbur y.ac.nz/engineering/schools/csse/research/ictg/avw-space/ ). 

We developed a new instance of AVW-Space for this soft skill and conducted a three-year long
tudy in the second-year software engineering project course at the University of Canterbury,
ew Zealand. Based on a quasi-experimental design, we used the year 2020 as control, with AVW-
pace providing just support for commenting on videos and rating comments written by peers.
n 2021 and 2022, students had full support, with AVW-Space providing personalized nudges and
isualizations based on students’ behavior. In addition to providing YouTube videos on the target
kill, we also recorded team meetings and provided the recordings in AVW-Space for students to
eview. Our study addresses the following research questions: 

RQ1 : What are the differences in student engagement and learning in the instances of the course
ith or without nudges? 
Since previous research with AVW-Space on presentation skills shows that nudges were effec-

ive in increasing students’ engagement and learning, we were interested in evaluating whether
imilar effects would be found when teaching a different soft skill, face-to-face communication
kills. 

RQ2 : Is there a causal effect of nudges on students’ engagement and learning? 
We wanted to determine explicitly the effect of nudges on engagement and learning, by con-

ucting causal modeling. 
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Table 1. Overview of the Study 

Week Tasks 

1 Forming groups 
2 Survey 1; watch and comment on videos 
3 Review and rate comments written by other students in the class 
4 Meeting recording (Survey 2 in 2021/2022) 
5 Watch and comment on the team meeting 

6 Review and rate comments on the team meeting 

7 Survey 3 

Table 2. The Videos Used in the Study 

Video Title Length YouTube video id 

Tutorial 1 The 7 Cs of Communication 2:46 ′ sYBw9-8eCuM 

Tutorial 2 Body Language 2.45 ′ AqixzdpJL4U 

Tutorial 3 Giving feedback 1.46 ′ Id_uG8Djdsc 
Tutorial 4 Improve your listening skills with active listening 2.39 ′ t2z9mdX1j4A 

Tutorial 5 How Google builds the perfect team 2.22 ′ v2PaZ8Nl2T4 
Tutorial 6 How to effectively contribute to team meetings 4.05 ′ cKh75Po5Qsc 
Example 1 Bad Stand-up 5.22 ′ zrmcl-pjmoc 
Example 2 The Daily Stand-up Meeting 2.34 ′ VjNxQ-a-x2M 

Example 3 Examples of Good Meeting Communications Skills 1.50 ′ czpBKC9Plh4 
Example 4 How NOT to run a meeting 2.37 ′ F1qstYxrqn8 

 

 

w  

r

 

a  

w

2

W  

s  

l  

t  

i  

d  

t  

c
 

1  

p  

a  

y  

A

RQ3 : What kind of perceptions do students have on usefulness of the recordings of team meetings?
Since students work in teams in the chosen SE course, we wanted to determine whether students

ould be interested in watching their own team meeting, as well as finding out what kind of
eflections and learning result from such activity. 

RQ4 : What are students’ perceptions of learning in AVW-Space? 
We were interested in finding the students’ perception of the provided online training, as well

s to investigate whether there are any differences in students’ perceptions when nudges were or
ere not provided. 

 METHOD 

e implemented a new instance of AVW-Space for teaching face-to-face communication skills in
oftware development meetings and integrated this online training into a second-year semester-
ong SE project course at the University of Canterbury in 2020–2022. We obtained approval for
he research from our institution’s Human Ethics committee. In the course, the students worked
n teams of four to six, had weekly face-to-face meetings, and received a short lecture on what to
o before, during and after each meeting. In addition, the students were invited to use AVW-Space
o learn face-to-face meeting communication skills. Students received 5% of the final grade if they
ompleted all phases of the online training. 

The study was done over the initial seven weeks of the course, as specified in Table 1 . In week
, the lecturers formed the groups and informed students about the online training. Students com-
leted Survey 1 and then watched and commented on the videos in week 2. We selected 10 publicly
vailable videos from YouTube (listed in Table 2 ) and integrated them into AVW-Space. In all three
ears, the same 10 videos were provided to the students. Six tutorial videos cover various elements
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Fig. 1. Comment writing in AVW-Space. 
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f face-to-face communication, while four example videos present real (or acted) meetings. The
tudents were instructed to watch and comment on tutorial videos first and later to use what they
ave learned to critique the example videos. The screenshot in Figure 1 shows a student writing a
omment on a tutorial video. When writing a comment, the video is paused. The student can enter
he text of the comment in the provided box and also needs to select one of the aspects (listed
bove the comment box) to specify what the comment is related to. Please note that we used the
ame aspects for writing comments based on tutorial videos as in the previous AVW-Space studies
one on presentation skills [ 21 ]. Three aspects were defined to stimulate learners to reflect on their
xperience: “I am rather good at this ,” “I didn’t realize I wasn’t doing it ,” “I did/saw this in the past, ”
nd the final aspect was “I like this point .” We defined the following aspects for writing comments
n example videos: “verbal communication, ” “giving feedback, ” “receiving feedback, ” “active listen-
ng, ” and “meeting contributions, ” corresponding to the concepts introduced in the tutorial videos.
he screenshot in Figure 1 also shows a nudge (the red box titled “Make a comment ”). This nudge
as given as the student has watched the video before but has not written any comments. 
In week 3, anonymized comments were made available to the whole class for rating. Stu-

ents could rate comments using the rating categories previously used in [ 21 ]: “This is useful
or me, ” “I hadn’t thought of this, ” “I didn’t notice this, ” “I don’t agree with this, ” and “I like this
oint. ”

Following that, in week 4 students received Survey 2 in 2021 and 2022 (please note that in 2020
here was no such survey). Additionally, one meeting of each group was recorded and added to
VW-Space. Only members of the team could watch their own team meeting. Students were asked

o watch and comment on their own meeting in week 5 and then rate each others’ comments in
eek 6. In week 7, students were asked to complete the final survey (referred to as Survey 3). 
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Table 3. Demographic Data 

Year Course n Male 
18–23 
age 

Native 
English 

No 
training 

No SE 

experience 
YouTube 

mean (SD) 
YT4L 

mean (SD) 

2020 56 50 84% 98% 78% 80% 74% 3.38 (.95) 2.26 (.99) 

2021 50 49 80% 98% 88% 70% 80% 3.53 (.82) 2.73 (1.06) 

2022 48 48 67% 92% 81% 75% 81% 3.63 (.64) 2.73 (.82) 
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.1 Participant Characteristics 

able 3 presents demographic data about our participants. The class size is shown in the Course
olumn, while the next column shows the number of students who completed Survey 1 (2020:
0 students, 2021: 49 students, 2022: 48 students). There were no students who repeated the course.
n all three years, most of the participants were male, in the 18–23 age group and were native Eng-
ish speakers, which is typical for SE classes at our institution. Most participants had no formal
raining on communication in face-to-face meetings. Those participants who had formal train-
ng got it in high school or University or received training at community/volunteer group. There
ere also three participants who received professional development training. Most participants
ad no software engineering experience outside their University courses, but all passed introduc-
ory programming courses and an introductory course to software engineering (including soft-
are engineering principles, practices, processes and tools, and object-oriented programming and
esign, as well as a small software project completed in pairs). There were also two Likert ques-
ions on how often the participants watched YouTube (the YouTube column) and how often they
atched YouTube videos for learning (the YT4L column). For these two questions, the options were
 (never), 1 (occasionally), 2 (once a month), 3 (every week), or 4 (every day). The averages and
tandard deviations presented in Table 3 show the high usage of YouTube; none of the participants
esponded with 0 for those questions. 

.2 Instrumentation and Data Collection 

VW-Space automatically logs all actions students perform while interacting with the platform.
n addition to the logs, we collected data via three surveys (administered within AVW-Space). The
urveys are provided in the Appendix. 

Survey 1 was identical across the years and contained demographic questions and questions
n training and experiences with face-to-face meetings. In addition, there was a timed question
sking students to write everything they know about face-to-face meetings communication skills
n three minutes. Surveys 2 and 3 also contained the same question about students’ knowledge of
ace-to-face communication in meetings. 

Survey 3 included three instruments, (1) Cognitive-Affective-Psychomotor (CAP) perceived
earning scale [ 56 ], (2) NASA-TLX cognitive load scale [ 31 ], and (3) Technology Acceptance

odel (TAM) scale [ 18 ], to capture students’ overall perception of AVW-Space. Additionally, Sur-
ey 3 contained open-ended questions on students’ perceptions of various features of AVW-Space.

The CAP perception of learning scale [ 56 ] was used to capture students’ estimates of learn-
ng from their experience with AVW-Space. The scale consists of nine items organized into three
imensions: Cognitive, Affective, and Psychomotor. These items were presented to students in
urvey 3. We slightly modified the text of each item to suit our experimental design, as spec-
fied in Table 4 . We did not use the second question, as our study was much shorter than a full
ourse. The students responded to items using a Likert scale from 0 ( strongly disagree ) to 6 ( strongly
gree ). Please note that item 7 is negatively worded, and hence we have reversed the score for
hat item. 
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Table 4. The Items of the CAP Perceived Learning Scale 

Original Text Dimension Modified text 

1 I can organize course material into 
a logical structure 

Cognitive I can summarize what I have learnt in 

AVW-Space for someone who has not 
learned from AVW-Space. 

2 I cannot produce a course study 
guide for future students. 

Cognitive N/A 

3 I am able to use physical skills 
learned in this course outside of 
class 

Psychomotor I am able to use the effective meeting 
participation concepts I learnt in 

AVW-Space in my future meetings. 

4 I have changed my attitudes about 
the course subject matter as a result 
of this course. 

Affective I have changed my attitudes about effective 
meeting participation as a result of 
AVW-Space. 

5 I can intelligently critique the texts 
used in this course. 

Cognitive I can assess the quality of face-to-face 
communication in the example videos used 
in this training. 

6 I feel more self-reliant as the result 
of the content learned in this 
course. 

Affective I feel more confident in my face-to-face 
communication skills in meetings as a 
result of AVW-Space. 

7 I have not expanded my physical 
skills as a result of this course. 

Psychomotor I have not expanded my knowledge of 
effective meeting participation concepts as 
a result of AVW-Space. 

8 I can demonstrate to others the 
physical skills learned in this course 

Psychomotor I can demonstrate to others the effective 
meeting participation concepts I learnt in 

AVW-Space. 

9 I feel that I am a more sophisticated 
thinker as a result of this course 

Affective I feel that I am a more effective meeting 
participant as a result of AVW-Space. 

 

l  

f  

u
 

u  

a  

t  

s  

s  

p

2

T  

f  

s  

c
 

u  

t  

t  

[  
The NASA-TLX task load index is a multidimensional scale assessing participants’ work-
oad [ 31 ]. The scale consists of six dimensions: mental, physical demands, temporal demands,
rustration, effort, and performance. Due to the nature of the tasks in our study, we have not
sed the physical and temporal dimensions. 
The TAM is a validated instrument that measures perceived usefulness and perceived ease of

se of a particular computer system [ 18 ]. Perceived usefulness is defined as “the degree to which
 person believes that using a particular system would enhance his or her job performance,” while
he perceived ease of use is defined as “the degree to which a person believes that using a particular
ystem would be free of effort” [ 18 ]. These two factors determine the overall acceptance of the
ystem and have been shown to be significantly correlated with both self-reported current or
redicted future use of studied computer systems [ 18 ]. 

.3 Measuring Students’ Knowledge 

he conceptual knowledge questions, which appeared in all three surveys, were used as a proxy
or the test of the students’ conceptual knowledge of the target skill. The instructions given to
tudents were as follows: “Write all words/phrases (one per line) that you associate with effective
ommunication in software engineering meetings.”

Students’ responses were marked automatically, using text analytics methods and the vocab-
lary of the target skill developed by the authors. To develop the vocabulary, we first generated
he corpus from the transcripts of tutorial videos. The tokens were extracted and lemmatized af-
er lowercasing texts and removing punctuation and stop words. Next, using collocation statistics
 43 ] implemented in the Phrases module of the Genism library 7, words and bigram phrases that
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Table 5. Interaction with AVW-Space: Mean (SD) 

2020 2021 2022 Significance 

Participants 47 49 47 

Sessions 5.55 (2.06) 6.67 (3.83) 9.00 (9.01) F = 4.39, p < .05 

Days 4.77 (1.67) 5.49 (2.60) 6.83 (3.05) F = 8.19, p < .001 

Videos 11.77 (3.54) 44.33 (18.08) 13.85 (3.95) F = 132.35, p < .001 

Comments 9.62 (13.21) 29.55 (17.81) 29.81 (18.54) F = 22.76, p < .001 

Nudges N/A 44.33 (18.08) 45.94 (18.28) 

HQ comments 1.87 (2.58) 9.10 (6.30) 9.13 (6.25) F = 28.89, p < .001 

Ratings 104.47 (154.16) 145.24 (280.88) 58.77 (62.35) no 

CK1 6.77 (4.57) 7.15 (4.62) 8.77 (4.01) no 

CK2 N/A 8.59 (4.18), n = 44 11.71 (5.46), n = 41 F = 8.81, p < .01 

CK3 9.90 (6.91), n = 30 10.70 (4.14), n = 10 10.20 (4.85), n = 40 no 
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ppeared more than twice in the corpus were extracted automatically. In addition to collocation
tatistics, following the work of [ 50 ], we extracted the most relevant and similar words using
lobal Vectors Word Representation to represent each word. A total of 225 words and phrases
ere extracted along with 225 synonyms. Three independent expert coders verified whether the

xtracted words should be in the domain vocabulary. Each word was coded with 1 or 0, depending
n whether a particular word was relevant. The pairwise Cohen’s Kappa test revealed moderate
0.55), substantial (0.61) and nearly perfect (0.91) agreement between the coders [ 38 ]. Fleiss’ kappa
= 0.69 also showed substantial inter-coder agreement [ 38 ], but Krippendorff’s alpha coefficient
= 0.31 was low [ 37 ]. The three coders then reviewed their codes with a fourth coder to resolve

ifferences, using the majority vote to achieve agreement (NB all coders are authors of this article).
s the result, 11 words were excluded, and 10 new words were added. The conceptual knowledge

core is the number of vocabulary concepts that appear in a student’s response. 

.4 Analytic Strategy 

e used non-parametric statistical data analyses when data were not normally distributed.
epeated-measures ANOVA was used to compare conceptual knowledge scores from the three
urveys and across three years. Pairwise comparisons were performed with Bonferroni correc-
ion. All analyses were performed using IBM SPSS version 28.0.1.0 unless otherwise specified. For
ausal modeling, we used thinkCausal (apsta.shinyapps.io/thinkCausal/). 

 RESULTS 

.1 Analyzing Students’ Engagement and Learning 

e removed the data about students who completed Survey 1 but had watched no videos from fur-
her analyses. To answer RQ1, we analyzed the collected data to generate measures of how students
nteracted with AVW-Space (Table 5 ). There are some measures that are statistically significantly
ifferent. For example, the number of sessions students had in AVW-Space and the number of dis-
inct days on which they interacted with the platform are different in the three years, with 2021 and
022 numbers being significantly higher in comparison to 2020. The Videos row in the table reports
he average number of tutorial/example videos watched; please note that some students watched
he same video multiple times, which explains why the reported numbers are higher than 10 (the
otal number of videos). The number of videos watched is significantly higher in 2021, although
e do not have an explanation for such an increase. 
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Table 6. The Number of Students in Various ICAP Categories 

Year Summary n Passive Active Constructive 
2020 No nudges 47 16 9 22 
2021 Nudges + Visualizations 49 0 3 46 
2022 Nudges + Visualizations 47 0 1 46 
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More importantly, the number of comments written on the tutorial/example videos is signifi-
antly higher in 2021 and 2022 than in 2020, when there were no nudges and visualizations. There
as no significant difference between the number of nudges students received in 2021 and 2022,
hich is to be expected as the experimental set up was identical in those two years. 
The High Quality (HQ) comments column reports the number of high-quality comments writ-

en by students. Such comments show self-reflection, critical thinking about the video content, or
lanning for future performance. The categorization of comments is done automatically by AVW-
pace immediately after a comment is written. AVW-Space uses the Machine Learning classifiers
or categorizing comments as explained in [ 47 ]. We found a significant difference on the number of
igh-quality comments, with 2020 students writing significantly fewer HQ comments in compari-
on to 2021 and 2022. This finding is not surprising as nudges were designed to motivate students
o write better quality comments [ 47 ]. 

The last three rows of Table 5 report the conceptual knowledge (CK) scores from Surveys 1,
, and 3 (CK1, CK2, and CK3, respectively). There was no significant difference between the three
lasses on the initial (CK1) scores. In all three years, the final score (CK3) is significantly higher
han CK1. In 2020, we did not have Survey 2, and it was not possible to see whether the increase in
he conceptual knowledge score is due to learning from the initial 10 videos or due to the learning
elated to the recording of the team meeting. For that reason, we introduced Survey 2 in 2021
nd 2022. Unfortunately, the COVID-19 lockdown overlapped with the last phase of the study in
021, and the number of participants who completed that last phase was only 10. Therefore, we
nalyzed deeper the data from 2022. The repeated-measures ANOVA for the conceptual knowledge
cores for the 2022 data is significant ( F = 4.53, p < 0.02, partial eta squared = .104). The pairwise
omparisons using the Bonferroni correction show a significant difference between CK1 and CK2
 p = 0.03), but no other significant differences. We found no significant differences between the
K3 scores of the three groups of participants. 
Another way to analyze students’ engagement is to classify them post hoc based on their overt

ehaviors, using the ICAP framework [ 9 ]. As discussed previously, ICAP identifies four categories
ith decreasing level of engagement: Interactive (I), Constructive (C), Active (A), and Passive (P) .
he ICAP framework states that the more engaged students are, the more they will learn (I >
 > A > P). Interactive mode is irrelevant for our study, as AVW-Space does not support direct

nteraction between students. Students classified as Passive are those who only watched videos and
ave not written any comments. We distinguish Constructive from Active students by observing
he number of high-quality comments on tutorial videos, in line with [ 21 , 47 ]. The median number
f high-quality comments on tutorial videos in 2020 was 1. Therefore, active students are those
ho wrote at most one high-quality comments, while constructive students wrote two or more

uch comments. 
Table 6 presents the distribution of students over the three ICAP categories. In 2020, there were

6 students who only watched videos, without writing any comments, while in 2021 and 2022
ll students wrote comments. Similar effect of nudges has been observed in previous studies on
resentation skills in AVW-Space [ 21 , 47 ]. The number of Active students also reduced from 2020
o 2021/2022, when a vast majority of students were classified as Constructive. A chi-square test of
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Fig. 2. Causal modeling of the number of comments made. 
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omogeneity between the three years and ICAP categories revealed a significant difference (chi-
quare = 49.83, p < 0.001) with the effect size (Phi) of .59 ( p < 0.001). A post hoc analysis with the
onferroni corrections revealed a significant increase of the number of Constructive students and
 significant decrease of Passive students in 2021/2022 ( p < 0.0056). 

To summarize our answer to RQ1, we found significant differences comparing student behavior
n 2020 to 2021 and 2022, when nudges and visualizations were provided. In the latter case, a vast

ajority of students interacted more with AVW-Space and exhibited constructive behavior. 

.2 Causal Modeling 

o identify causal effects, it is necessary to compare groups of participants who had or did not have
 particular treatment, assuming random allocation of participants to groups. In real situations
uch as our study, it is not possible to control all factors that can potentially affect the outcome.
dditionally, in educational studies it is unethical to withhold treatment from some students. In-

tead, modeling the relationship among outcome variables, covariates, and treatment is possible
sing the Bayesian Additive Regression Trees (BART) machine learning algorithm [ 11 , 32 ]. 
To determine the effect of nudges and visualizations on engagement and learning (RQ2), we

onducted causal modeling using thinkCausal (apsta.shinyapps.io/thinkCausal/) [ 33 ], which
ses BART as a foundation. This tool estimates the average treatment effects and is suitable for
bservational studies. Previous research shows that BART has excellent performance in causal
nference [ 24 , 32 ]. The tool is user friendly and scaffolds researchers through the data analytic
rocess. 
We grouped students from 2021 and 2022 together, as the experimental setup was identical in

hose two years. The results show that receiving nudges and visualizations led to an increase
f 17.03 comments and an increase of 5.04 high-quality comments compared to what would
ave happened if students did not receive nudges (Figures 2 and 3 , respectively). Similar results
ere obtained when we modeled other measures: There was an increase of 1.92 sessions when
udges/visualizations were provided. Providing visualizations and nudges also led to an increase
f 0.52 conceptual knowledge scores CK3 in comparison to not providing them. 
These results provide the answer to our second question (RQ2): providing nudges and visual-

zation cause increased engagement, measured by the number of sessions with AVW-Space. There
s also a causal effect of nudges/visualizations on the number of comments written, and more im-
ortantly, on the number of high-quality comments. We also found a causal effect on learning, as
easured by our conceptual knowledge scores. 
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Fig. 3. Causal modeling of the number of high-quality comments made. 

Table 7. Engagement with the Team Videos 

2020 2021 2022 
Participants (total) 47 49 47 
Watched 43 25 43 
Team comments 5.05 (5.65) 4.79 (2.49) 5.54 (3.63) 

3

I  

o  

a  

t  

t  

C  

n  

a  

o  

t  

s
 

p  

v  

f  

p  

W  

r  

t  

g  

c  

c
 

t  

o  
.3 Students’ Meetings 

n all three years, in the fifth week of the study, students watched and commented on a recording
f their own team meeting, while in the following week they rated each others’ comments. This
llowed us to answer RQ3. Please note that nudges were not given in 2021/2022 while watching
he team video. The Watched row in Table 7 specifies the number of participants who watched
heir team video. That number is much lower in 2021, and we believe the reason for that is the
OVID-19 lockdown, which overlapped with that phase of the study. Table 7 reports the average
umber of comments on the team video. The majority of students watched their team video in 2020
nd in 2022. Although we have previously seen a significant difference in the number of comments
n the tutorial/example videos, there is no significant difference on the number of comments on
he team video for the three years. This illustrates how interesting students found this part of the
tudy. 

Students’ comments on the team meeting were of different types. Some comments pointed out
ositive/negative aspects of the team meeting, with students using what they learnt from tutorial
ideos to critique their own meeting. There were also comments that focused on opportunities
or improving their meetings, such as “Could have better followed an agenda - meeting seems less
urposeful .” Students also reflected on the meeting overall (“I think we had a very effective meeting.
e stayed on topic, stuck to the agenda, and left with a good understanding of our next steps ”) or

eflected on their own behavior, e.g., “For myself, if I was to have a meeting with someone and
hey had the same body language as I did in this meeting (at least in the first 10 minutes), I would
et an impression that they are not interested, disengaged, or not paying attention .” “I might be over
ontributing while not leaving space for others to contribute, ” and “I need to construct/deliver my ideas
learer.”

Survey 3 included two questions asking participants about the usefulness of commenting on
he team video and rating the comments. We classified the provided feedback manually, based
n whether those activities were reported useful or not. The majority of students believed that
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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atching the team video was beneficial (97% in 2020, 70% in 2021, and 88% in 2022). Most responses
ere about the usefulness of watching themselves, for example “You can step into an outsiders shoes

o view your groups interaction.” Some feedback expounds it further, pointing out the benefit of
atching it from another point-of-view: “Very useful as an outsider’s perspective allowed me to see

hings (good and bad) that I did in the meeting more clearly” and “You’re able to see your meetings from
n outside perspective, which enables you to see things you might’ve missed in the moment such as
eam members not contributing as much or not paying attention. . . .” The responses were reflective,
ocusing on their own or team member’s shortcomings or mistakes, helping them identify areas
or improvement: “Know my shortcomings and Know how to improve me next time,” “Very useful,
t provides me with many of my weakness and my improvements,” and “I could communicate to the
eam what I believe needed to be worked on, and what we were doing well.”

Most students also found reviewing/rating comments on the team video useful (79% in 2020,
0% in 2021, and 78% in 2022). Similarly to the feedback on watching/commenting on the team
ideo, students pointed out that this activity helped them know the perspective of their fellow
eam members: “Understanding your team members views, feelings, and opinions, leading to better
ommunication and teamwork” and “It not only allowed me to see my thoughts on our team’s com-
unication, but also showed me what the rest of my team thought about how we communicated as
ell. . . .” Some responses pointed out that the anonymized method of reviewing and rating com-
ents was helpful to get or give constructive criticism from/to the team members: “It was useful to

et feedback from my peers in an anonymised forum, which allowed us to make comments that might
ave been taken defensively if made directly,” “Get some new opinions with no bias on how they think
ur team communicates and we would receive more constructive criticism,” and “Forced each team
ember to consider how others feel and facilitates team growth .”
To summarize our answer to the third research question (RQ3), we found that the participants

ere very much interested in watching their own meetings, and reported that they learnt from that
ctivity. One student even pointed out that the feature to watch their own team video was a vital
omponent of AVW-Space, stating that “It’s a great way to observe how your meetings are structured
nd how everyone interacts from a third person perspective. I think this aspect of the AVW-Space was
ts strongest.”

.4 Participants’ Perceptions 

ur fourth research question focuses on students’ perceptions of the provided training. We address
his question in the following subsections, starting with the perceptions of learning as measured
y the modified CAP scale. We then analyze the TAM scores and present the results for the ease of
se and perceived usability. The third subsection reports the findings from the NASA-TLX index,
hile the following subsection presents observations from the last two weeks of the study, when

tudents were watching their own meeting. 

3.4.1 Perceptions of Learning. As discussed in Section 2.2 , we modified the CAP perception of
earning scale [ 56 ] to capture students’ estimates of learning from their experience with AVW-
pace. We first assessed the Cronbach alpha estimate of internal consistency of the three dimen-
ions of the CAP perceived learning scale. The values for the Conceptual ( α = 0.71) and Affective
 α = 0.61) dimensions were higher than the value for the Psychomotor dimension ( α = 0.29). We do
ot report the alpha value for the whole scale as the scale is not unidimensional [ 60 ]. Table 8 reports
he averages and standard deviations for the scores on the three dimensions, as well as the overall
cores for the 2020 class (no nudges) and the combined 2021 and 2022 classes (when nudges were
rovided). The scores for dimensions as well as the overall scores are calculated by summing scores
n relevant items [ 56 ]. The overall score therefore ranges from 0 to a maximum of 48, with higher
CM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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Table 8. The Scores for the Modified CAP Perceived Learning Scale 

Nudges n Cognitive Affective Psychomotor Overall score 
No 30 8.73 (2.18) 11.10 (2.50) 11.27 (1.64) 31.10 (5.18) 
Yes 49 8.78 (2.37) 12.69 (3.87) 12.65 (3.25) 34.12 (8.68) 

Table 9. Scores for the Two TAM Dimensions 

Nudges n Perceived usefulness Perceived ease of use 
No 30 3.79 (1.47) 3.53 (1.53) 
Yes 49 4.09 (1.40) 3.53 (1.10) 

Table 10. Scores for the NASA-TLX Index for the Two Tasks 

2020 (17) 2021/2022 (49) 
Comment Writing 

Demand 

Effort 
Stress 
Performance 

7.88 (3.90) 8.61 (3.62) 
6.59 (4.02) 8.27 (4.05) 
6.41 (4.87) 7.43 (5.28) 
8.71 (4.57) 11.73 (4.86) 

Comment Rating 

Demand 

Effort 
Stress 
Performance 

5.05 (3.25) 6.69 (4.30) 
4.29 (2.95) 6.49 (4.62) 
6.05 (4.47) 6.92 (5.84) 
9.65 (5.11) 11.37 (4.52) 
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cores representing higher perceptions of total learning. We performed the independent-samples
ruskal–Wallis test and found a significant difference on the overall score ( H = 5.23, p = 0.02).
here was no significant difference on the cognitive scores, but the scores on the affective ( H =

.49) and psychomotor ( H = 9.21) dimensions were significantly different ( p < 0.005 in both cases).

3.4.2 Perceived Usability and Perceived Ease of Use. We integrated 10 questions from TAM into
urvey 3, to assess how much students are likely to use AVW-Space intentionally. Participants
rovided their responses using the Likert scale ranging from 1 ( extremely likely ) to 7 ( extremely
nlikely ). The internal consistency was good, with Cronbach alpha values of 0.95 for perceived
sefulness, and .85 for perceived ease of use. Table 9 reports the scores on the two dimensions for
he two groups of participants. We found no significant differences on the TAM scores. 

3.4.3 Cognitive Task Index. Survey 3 contained four questions adapted from the NASA-TLX
ask load index on comment writing and four questions on comment rating, which allowed par-
icipants to specify their perceptions. For each type of activity, participants were asked to specify
ow mentally demanding it was ( Demand ), how hard they had to work ( Effort ), how discouraged,

rritated, stressed, and annoyed they felt ( Stress ), and how successful they think they were while
erforming the activity ( Performance ). Participants provided their responses using the Likert scale
anging from 1 ( Very low ) to 20 ( Very high ). Table 10 presents the scores. 

The scores from the 2021/2022 participants are generally higher than those of the 2020 students.
he only significant difference was found on the Performance when writing comments ( F = 5.05,
 < 0.05, eta squared = .073), with the 2021/2022 participants reporting more confidence in their
erformance. For each of the questions, students could provide free-form feedback. Most of the
ACM Transactions on Computing Education, Vol. 23, No. 4, Article 43. Publication date: December 2023. 
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eedback on writing comments stated it was easy to write comments, e.g., “I just wrote comments
hen I thought about something during the videos, ” but students also pointed out the need to be
ttentive, e.g., “It wasn’t too mentally demanding, but it did require constantly thinking about when
ou should add comments about something. ” The participants stated rating comments was neither
entally demanding nor requiring a lot of effort but also noted that there were too many comments

o be rated. 

3.4.4 Perceptions of AVW-Space Features. Survey 3 contained open-ended questions that asked
articipants to specify their opinions of AVW-Space in terms of its functionality. One question
as on the usefulness of pausing a video to write a comment. The vast majority of students found

his feature useful (96% in 2020, 90% in 2021 and 100% in 2022). Students reported that this feature
llowed them to gather their thoughts and focus on writing their comments, for example “Gives
ou a chance to think and come up with a proper response rather than moving forward and potentially
issing something because you were writing.” Only two students, one from 2020 and the other from

021, indicated that pausing the video was not helpful, with only one providing a reason for the
nswer ( “not very, you lose track”). 

When asked about the usefulness of specifying aspects when composing comments, there was
n increase in the number of students who find aspects useful: 46% in 2020, 50% in 2021, and 59%
n 2022. Common reasons in the 2022 responses suggest that aspects helped in reflecting on the
omments: “It helps you reflect on the factors you identify in a personal way which helps to connect
ou with the situation in a neurological sense,” “I think that its useful to be able to relate the comment
ack to an idea,” and “It gets you to relate what’s being discussed to yourself and provokes you to think
arder about what aspects of communication are being discussed.” Interestingly, some students found
hat aspects are limiting but nevertheless find them useful: “It’s a little bit useful but I feel as though
here were not enough possible combinations” and “For the most part this was good, however, having
hose as options felt very limiting. Often none of them quite matched and I just had to pick the most
elevant one.” Some students found aspects not useful, as they had other topics in mind or would
refer to use several aspects simultaneously. 
In all three years, students appreciated the value of reviewing/rating comments made by peers

83% in 2020, 70% in 2021, and 83% in 2022). The most frequently cited reasons are about being
ble to see other points of view: “It is useful as you can see other people’s perspective on the videos
hown” and “You get to see what other people thought of the video and you might get to understand
omething you didn’t before.” Some students also indicated that this activity enabled them to
rganize their thoughts about the video, and see the ideas or concepts that they might have
issed, for example, “Extremely useful, allowed me to get other student’s perspectives that I might

ave missed” and “You can visualize other people’s viewpoints and better allow yourself to learn
hat you have not found.” The feedback was generally positive, showing that this feature enabled

tudents to learn from other students and increased their understanding of the concepts discussed
n the video. When replying to the question on the usefulness of rating categories when rating
omments, many participants noted that they would like to see more rating categories, or even
efine the categories by themselves. 

 DISCUSSION AND CONCLUSIONS 

e presented online training developed for face-to-face communication in software development
eetings, and the results from three instances of the second-year software engineering course

nto which the training was embedded. Our quasi-experimental study allowed us to compare the
nteractions and learning of the 2020 students, when nudges were not used, to the 2021 and 2022
lasses that received the nudges. The nudges AVW-Space provides were designed to encourage
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onstructive behavior, characterized by a high level of engagement in terms of the overall comment
riting and also with respect to writing high-quality comments [ 47 ]. 
The findings from the 2020 class are similar to the early studies with AVW-Space [ 20 , 45 ], with

4% of participants passively watching tutorial and example videos. In contrast, there were no
assive students in 2021/2022, when nudges were provided. We found significant differences on
he various engagement measures between the classes, with 2021/2022 students interacting more
ith AVW-Space, writing more comments and also writing more high-quality comments. We have

lso found the causal effects of nudges on the number of sessions with AVW-Space, the number
f comments overall, and the number of high-quality comments written, as well as the conceptual
nowledge score of the target soft skill. 
The responses on the modified CAP perceived learning scale show no differences for the Cogni-

ive dimension, but there were significant differences on the scores for the affective and psychomo-
or dimensions, illustrating participants’ attitude towards the skill learnt and also confidence in
eing able to execute the skill. The analysis of the TAM responses found no significant differences,
ith all participants finding AVW-Space moderately useful and easy to use. We also found no sig-
ificant difference on the NASA-TLX responses, with the only exception being that the treatment
roup reported higher scores for performance on comment writing. Generally, students acknowl-
dge the usefulness of commenting on videos, especially their team video. Their responses also
onfirm that rating of comments is useful, as it enables social learning. 

Our study shows that when nudges are given, engagement with tutorial/example videos and
earning increase. Interestingly, there were no differences on student engagement with team videos
howing how much students were interested in that activity. Watching videos of their own meet-
ngs enabled students to reflect on their own contribution to the meeting and how well the team
ommunicated. Many students provided feedback on how useful it was to see their own meeting,
hich enabled the teams to grow and improve. We found that students felt overwhelmed by the
umber of comments available for rating, pointing to the need for intelligent filtering for individ-
al students. In future work, we will explore the possibility of providing comments for rating in
n adaptive way. One approach for that is to analyze a learner’s comments to identify weaknesses
n terms of concepts mentioned or the depth of reflection and then to identify relevant comments
o present to that student. 

Our article contributes to the literature by showing the effectiveness of active video watching
n teaching a new soft skill: face-to-face communication in software development meetings. Fur-
hermore, we show that nudges do cause increase in interactions with AVW-Space, especially an
ncrease in the number of high-quality comments and learning. We acknowledge that our findings

ay not be specific to software engineering; however, the chosen soft skill was selected based on
ts relevance for practicing software engineers. Also, study participants were chosen based on the
arget audience of our learning platform—software engineering students. 

A threat to validity is the effect of the COVID-19 pandemic on the results. These effects were
elatively similar in the three years of our study in the country where the research was performed.

There are several limitations of the presented work, the first being the small population size,
hich is due to the size of the course in which the study was conducted. Additional research is
eeded to determine the effect of the online training on larger populations of students. We plan
o conduct additional studies in the coming years in the same course, which will result in a higher
umber of participants. The second limitation is that the research was done with students from

ust one educational institution. Our findings are therefore contextualized and may not neces-
arily generalize to other tertiary institutions. In future work, we will repeat the study at other
nstitutions, as well as with the industry professionals. 
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Another limitation is in the way we have assessed students’ knowledge. As stated earlier, we
sed one question in each survey as a proxy for assessing the students’ conceptual knowledge of
he face-to-face communication skills. This is not ideal for several reasons. Answering surveys can
e annoying to students and their responses do not necessarily represent their true knowledge.
urthermore, listing concepts related to the target soft skills does not necessarily mean that the
tudents know how to perform the skill. Ideally, the extent of learning can be assessed by a human
xpert observing the students in real meetings before and after the training. This requires substan-
ial resources and is not always practically possible. We are currently developing an instrument
or self-reporting the ability to communicate face-to-face. However, the instrument is still under
evelopment and could not be used in our study. We plan to repeat the study when the instrument
as been fully validated. 

PPENDIX 

urvey 1 

(1) What is your age? 
• 18–23 
• 24–29 
• 30–35 
• 36 +

(2) What is your gender? 
• Male 
• Female 
• Other gender 
• Prefer not to answer 

(3) What is your first language? 
(4) How much training have you had on communication in face-to-face meetings? 

• No training 

• Some training 

• Quite a bit 
• A lot 
• Extensive training 

(5) Select the type of training on communication in face-to-face meetings you have had: 
• Training at high school 
• Training at University 

• Training at community/volunteer group 

• Professional training 

• Other (Please specify) 
(6) Over the last year, how frequently would you attend face-to-face formal meetings with more

than two people? 
• Never 
• Occasionally 

• Once a month 

• Every week 

• Every day 
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(7) Please specify the type(s) of meetings you have had that involved more than two people: 
• Group assignment in high school 
• Group assignment in University 

• Meeting with lecturers 
• As part of an internship 

• Part-time job related to software development 
• Part-time job not related to software development 
• Other (Please specify) 

(8) How much experience do you have working in software development times outside the uni-
versity? 
• None 
• Some experience (less than a week) 
• Quite a bit (a month) 
• A lot (several months) 
• Extensive experience (more than a year) 

(9) How often do you watch YouTube? 
• Never 
• Occasionally 

• Once a month 

• Every week 

• Every day 

10) How often do you use YouTube for learning? 
• Never 
• Occasionally 

• Once a month 

• Every week 

• Every day 

11) [You have max 3 minutes to answer] Write all words/phrases (one per line) that you associate
with effective communication in software engineering meetings. 

urvey 2 

You have max 3 minutes to answer] Write all words/phrases (one per line) that you associate with
ffective communication in software engineering meetings. 

urvey 3 

You have max 3 minutes to answer] Write all words/phrases (one per line) that you associate with
ffective communication in software engineering meetings. 

The following questions ask you to estimate how much you have learned from AVW-Space. 
Please rate, on the scale of 1 (strongly disagree) to 7 (strongly agree), to what extent do you 

agree with each statement, where lower numbers reflect less agreement and higher numbers 
reflect more agreement. 
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• I can summarize what I have learnt in AVW-Space for someone who has not learned from AVW-Space. 

• I am able to use the effective meeting participation concepts I learnt in AVW-Space in my future meetings. 

• I have changed my attitudes about effective meeting participation as a result of AVW-Space. 

• I can assess the quality of face-to-face communication in the example videos used in AVW-Space. 

• I feel more confident in my face-to-face communication skills in meetings as a result of AVW-Space. 

• I have not expanded my knowledge of effective meeting participation concepts as a result of AVW-Space. 

• I can demonstrate to others the effective meeting participation concepts I learnt in AVW-Space. 

• I feel that I am a more effective meeting participant as a result of AVW-Space 

The following questions have a Likert scale from 1 (Very easy) to 20 (Very hard). 

MENTAL DEMAND - Writing comments 

How mentally demanding was to write comments on videos in AVW-Space? 
For example, how much mental and perceptual activity was required - thinking, deciding, re- 
membering, looking, searching? 

EFFORT - Writing comments 

How hard did you have to work (mentally and physically) to write comments on videos in 

AVW-Space? 

FRUSTRATION - Writing comments 

How discouraged, irritated, stressed and annoyed did you feel while writing comments 

on videos in AVW-Space? 

PERFORMANCE - Writing comments 

How successful do you think you were to identify useful points about effective meeting partic- 
ipation when commenting on videos in AVW-Space? 

Based on your use of AVW-Space, what would be the usefulness of pausing a video to write 

a comment ? 

Based on your use of AVW-Space, what would be the usefulness of asking you to indicate 

what the comments refer to, e.g., for tutorials: ’I am rather good at this’, ’I did/saw this in 

the past’, ’I did not realise I was not doing this’, ’I like this point’ ; 
for examples: ’Verbal communication’, ’Feedback’, ’Active listening’, ’Contribution’ . 

The following questions have a Likert scale from 1 (Very easy) to 20 (Very hard). 

MENTAL DEMAND - Rating comments 

How mentally demanding was to review and rate comments on videos in AVW-Space? 

For example, how much mental and perceptual activity was required - thinking, deciding, re- 
membering, looking, searching? 
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EFFORT - Rating comments 

How hard did you have to work (mentally and physically) to review and rate comments

on videos in AVW-Space? 

FRUSTRATION - Rating comments 

How discouraged, irritated, stressed and annoyed did you feel while reviewing and rating

the comments on videos in AVW-Space? 

PERFORMANCE - Rating comments 

How successful do you think you were to identify useful points about effective meeting 

participation when reviewing and rating of comments made by others in AVW-Space? 

In the second phase of the study, you experienced two additional features of AVW- 

Space: 

— reviewing the comments on the videos made by other users of AVW-Space; 
— rating the comments of other users; 

Based on your use of the AVW-Space, what would be the usefulness of reviewing the com- 

ments on the videos made by other people ? 

Based on your use of AVW-Space, what would be the usefulness of rating the comments 

of your team members on the team meeting video, e.g., This is useful for me’; ’I hadn’t 
thought of this’; ’I did not notice this’; ’I like this point’; ’I do not agree with this’ 

The AVW-Space system is aimed at informal learning of soft skills (e.g., meeting commu- 
nication, giving presentations, negotiating, managing teams) using selected videos. 

The questions below ask how you perceive the usefulness of AVW-Space for informal learn- 
ing of soft skills. 

Extremely 

likely (1) 
Quite 

likely (2) 
Slightly 

likely (3) 
Neutral (4) Slightly 

unlikely (5) 
Quite 

unlikely (6) 
Extremely 

unlikely (7) 

I think I would like to use AVW-Space frequently. 

I would recommend AVW-Space to my friends. 

Using AVW-Space would enable me to improve my soft skills quickly. 
Using AVW-Space would improve my performance considering the development of soft skills. 
Using AVW-Space would enhance my effectiveness when developing soft skills. 
I would find AVW-Space useful in my studies/job. 

I would find AVW-Space easy to do what I want it to do. 
My interaction with AVW-Space would be clear and understandable. 

I would find AVW-Space easy to use. 
If I am provided the opportunity, I would continue to use AVW-Space for informal learning. 
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In the last phase of the study, you performed peer-assessment exercise : 

Based on the peer-assessment exercise, what would be the usefulness of watching and com- 

menting on your team video? 

Based on the peer-assessment exercise, what would be the usefulness of reviewing and rating 

the comments made by other team members on your team video ? 

What do you think is most exciting about AVW-Space? 

What do you think is most disappointing about AVW-Space? 
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