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Abstract

Although accreditation bodies emphasise communication competencies development
in engineering curricula due to its importance for future engineers, the focus is often
mainly on oral presentation and written reports. A communication activity was created
to practice and reflect on students’ communication competencies including describing
information in a short time, listening skills, and ask and respond to questions. This
activity was implemented at five different European engineering universities involving
393 students. This study explores the effectiveness of this activity as a case-study of
game-based learning to practise and reflect on engineering students’ communication
competencies. A mixed-method approach measuring students’ communication perfor-
mance, their perceived communication competencies, and the benefits of this activity to
students was used to explore the game characteristics that make the activity effective.
The findings of the scoring rubric and the questionnaire used showed that this activity is

'Department of Aerospace Structures and Materials, Delft University of Technology, Delft, Netherlands
2Department of Computer Science and Engineering, Instituto Superior Técnico, University of Lisbon, Portugal
3Algoritmi Centre, Department of Production and Systems, School of Engineering, University of Minho,
Guimaraes, Portugal

Corresponding author:

Mariana Leandro Cruz, Department of Aerospace Structures and Materials, Delft University of Technology,
Kluyverweg |, Delft, 2629 HS, Netherlands.

Email: m.leandrocruz@tudelft.nl


https://orcid.org/0000-0002-7991-0132
https://orcid.org/0000-0002-2905-864X
mailto:m.leandrocruz@tudelft.nl
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03064190211014458
journals.sagepub.com/home/ijj
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03064190211014458&domain=pdf&date_stamp=2021-05-22

2 International Journal of Mechanical Engineering Education 0(0)

effective. Because it is engaging and set by rules, students actively participated during
the activity, reflected on their effective and ineffective communication competencies,
the existing communication barriers and styles, gained awareness, experienced com-
munication in teams, and cooperated with different people. This study highlights the
effectiveness of a small intervention using a proven communication activity, which is
freely available as OpenCourseWare through TU Delft for anyone to use.

Keywords
Game-based learning, engineering curriculum, communication competencies, case
study

Introduction

With the fast-changing demands of society, graduate engineers are required to
possess both technical and transversal competencies.'* Transversal competencies
have gained importance in engineering curricula as engineering students equipped
with these competencies are deemed more capable to enter the labour market and
have a smoother transition from education to employment.® Transversal compe-
tencies in this context are defined as “skills, values, and attitudes that are required
for learners’ holistic development and for learners to become capable of adapting to
change”* in different disciplines and professions.> They consist of competencies
such as communication, teamwork, problem-solving, entreprencurship, and life-
long learning. This study will focus on communication competencies which was
previously defined by Leandro Cruz et al.” as “the ability to show understanding and
to carry technical/non-technical written/oral presentations and discussions depending
on the audience where the feedback loop of giving and receiving opinions, advises and
reactions is constant”.

Communication competencies are important for engineering graduates
according to industry®® and academia® as they are required in engineer’s pro-
fessional life. More nuanced communication competencies, considered impor-
tant by industry and requiring higher competency levels for engineering
graduates, were identified.® Among the important competencies were adaptive
communication style while competencies requiring higher levels of competence
were writing, listening, and presentation skills. However, according to industry,
engineering graduates still lack communication competencies such as listening
skills'® and oral and written communication skills'' when entering the work-
force. For this reason, the introduction of communication competencies in the
engineering curricula was considered a desirable outcome by accreditation
bodies such as the ABET Engineering Criteria'? in the USA and the
European Network for Accreditation of Engineering Education'’in Europe, as
well as several engineering departments.'* However, in overcrowded curricula,
to go from desire to a realisation is often difficult, as it requires finding space
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within a curriculum and a willingness to create and implement new activities,
workshops and courses.!’

So far, practises, such as oral presentations'® and written reports,'” were intro-
duced mostly in project-based learning courses to enhance students’ communica-
tion competencies. However, communication competencies extending to informal
listening and speaking are rarely addressed in the engineering curricula. In a Dutch
university of technology, lecturers mentioned they practised listening skills during
their courses through feedback and asking questions to students® and students feel
they are highly competent in listening skills.'"® However, the same picture does not
apply to pitching skills. Students feel they have low mastery levels in pitching
skills'® and lecturers do not have students practise these skills as much. The
same applies to the practising of writing skills in their courses.® Therefore, as
part of the European Erasmus+ project PREFER (Professional Roles and
Employability of Future EngineeRs), which aims to reduce the transversal com-
petency mismatch in the field of engineering, the Delft University of Technology
created a ‘plug-and-play’ communication activity called Chinese Whispers with a
Twist.

This activity is a game-based learning practise in which students cooperate in
teams and experience other forms of communication rather than oral presentations
and written reports. It intends to provide students with the opportunity to practise
and reflect on effective verbal and visual communication. This includes active
listening, describing information within a time-limit, effectively asking and answer-
ing questions, and drawing images. This study presents the outcomes of this activ-
ity as was implemented in five European engineering institutions - TU Delft (The
Netherlands), KU Leuven (Belgium), TU Dublin (Ireland), IST and UMinho
(Portugal) in a variety of courses and engineering degrees over a period of one-
and-a-half years.

The aim of this study is to investigate the effectiveness of a game-based learning
activity to practise and reflect on the communication competencies of students in
different fields of engineering.

The main research question addressed in this study is: What are the character-
istics of a game based-learning practice that stimulates engineering students to
practise and reflect on their communication competencies?

To answer this question, the game characteristics that make this activity effective
will be explored in a case-study using a mixed-method approach that investigates how
students evaluate their communication competencies and areas for improvement in
the game based-learning activity, how these correlate with their performance in the
activity and finally the communication competencies that engineering students
become aware of or experience in the game based-learning activity.

Communication competencies in engineering professions

To develop students’ communication competencies, it is essential to understand
communication in the engineering profession. Novice engineers report that they
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spend 32% of their time using verbal communication with other people and 28%
writing.'? Also, young engineers spend a great part of their time listening.'” In the
study of Lievens,”” engineers mentioned they spend on average 57% of their work-
ing hours on active communication such as writing e-mails and reports, making
phone calls and having meetings. Lappalainen®' argues that, in technology sectors,
engineers are constantly exchanging information between other engineering fields
and society. They need to communicate effectively to show their vision, to put
plans into practice, and to stimulate feedback mechanisms.

Regarding writing skills, differences between writing in academic and industry
settings were observed.”” At university, students are required to write the content
learned in an elaborative way, while in industry, because of limitations in time due
to short deadlines, communication should be brief and concise. Also, in the study
of Moore and Morton,*? engineering students are reported to have problems with
adjusting their writing to their audiences and context. Often technical and aca-
demic language is used instead of simple language. Being able to adapt one’s
communication style to a purpose and an audience was a key requirement indi-
cated by industry.®?? Since communication is an active process of listening, adapt-
ing conversation styles, and using feedback in terms of giving and receiving
opinions and responses,”® engineering curricula must not limit communication
training to just giving oral presentations and writing technical reports.

Learning by doing

Evidence of the importance of communication competencies for engineers is clear.
The next step is to study which teaching strategies exist to practise communication
competencies in engineering education.

Learning by doing as a practice has been well-known for more than two thou-
sand years. The Greek philosopher Aristotle stated that “for the things we have to
learn before we can do, we learn by doing”** and the Chinese Philosopher Confucius
mentioned that “7 hear and I forget. I see and I remember. I do and I understand” >
Active learning has gained even more attention over the past years. It is defined as
a teaching and learning practice that engages students in doing things and think
about what they are doing.?® According to Kolb,?” in experiential learning theory,
knowledge is generated through direct experience. Learning happens concretely
and actively, through interaction between people and their environment. Kolb
promotes that abstract concepts cannot be learned with traditional educational
techniques (e.g. books and lectures) because they are disconnected from the expe-
rience. According to Kolb’s theory,?’ learning happens in a cycle where four modes
are confronted: concrete experience (learners emerge themselves in the experience),
reflective observation (learners reflect on what they experienced), abstract concep-
tualisation (learners conceptualise and draw conclusions from their experiences)
and active experimentation (learners critically use the knowledge gained from the
experience in future scenarios).
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This study will consider game-based learning as an approach to active learning.
Game is “a form of voluntary play that is structured by a set of rules, where players
may make choices that can influence the actions of other players and the overall
outcome”®® and has a feedback system in which participants draw parallels
between the game and real-world scenarios.”” The type of games can go from
live-action, board games to digital games.”**® Engineering education research®
showed that games are effective to understand complex subjects, provide student
engagement and increase their interest, motivation and confidence. A game ele-
ment that positively impacted students’ motivation is cooperation.?®

In cooperative learning, students work in small groups towards a common
goal.®! Students should have a role to be able to accomplish the task and the
responsibility of the learning of the group is shared by all group members. In
contrast, in collaborative learning students are responsible for their own individual
work and learning.’' While cooperative and collaborative learning each have inde-
pendent historical developments and philosophical roots, they have in common
that students work in groups instead of individually.*> Research in engineering
education®'** showed that cooperation improves academic achievement, interper-
sonal interaction and student attitude compared to students working as individu-
als. Cooperation was also compared to competition®'** and results showed that
cooperation improves interpersonal interaction, social support and self-esteem.
Cooperative learning also promoted communication and teamwork compared to
lectures.>* As engineers in their workplace need to think critically, solve problems
and make decisions as a team, providing collaborative learning practices in engi-
neering curricula is essential to develop transversal competencies and prepare
students for their future workplace.

Game-based learning was also used to improve students’ communication com-
petencies in engineering education.®® In this study, a mixed-method approach was
conducted to assess students’ perceptions and performance of oral and written
communication skills. Findings showed that students improved their communica-
tion skills but did not perceive improvements. This study concluded that although
students did not perceive an improvement of their communication skills, the use of
games gave students a learning experience that stimulated communication.

However, a systematic literature review on game-based learning in engineering
education has reported several limitations on game practices.”® First, the majority
of studies assess students’ perceptions and attitudes and do not consider the learn-
ing outcomes achieved by students. Second, issues were found with the reporting of
the results in the research examined. Many studies did not provide validation
evidence or procedures for instruments used. A final limitation was that in much
of the research self-selected or small sample sizes were used.

This literature review showed the importance of experiential, cooperative and
game-based learning to develop transversal competencies such as communication
and teamwork and create students’ engagement and motivation in the learning
process through active learning and reflective thinking. The points highlighted in
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this review were incorporated in the design and research of our communication
activity.

Communication activity: Chinese whispers with a twist

Learning outcomes

The communication activity was designed to achieve the following learning out-
comes. At the end of this activity, students will be able to:

e Experience effective oral and visual communication through active listening,
describing within a time limit, effectively asking and answering questions and
drawing images

e Understand the importance of effective oral and visual communication for
engineers

Design of the activity

The communication activity is based on the universal children’s game, known as
Chinese Whispers in the Commonwealth English world.*> This activity is called
Chinese Whispers with a Twist because instead of passing around a message and
comparing it at the end as in the original game, in this version, the participants are
given an image, have to pass instructions to the next person to draw it and com-
pare the image at the end. This activity lasts one hour and allows students to
practise their communication competencies by actively listening, describing infor-
mation in a short time, and effectively asking and answering questions. It is per-
formed in groups of 4-6 people and each group is divided into three subgroups,
each of which has a set role (A, B and C). The rules and dynamics of this activity
are shown in Figure 1. The vector image used as the drawing in the activity at all
five universities is shown in Figure 2. This image was chosen so that it could be
used in all university contexts. At the end of the activity, a 10 to 15-minute feed-
back session is held in which students are encouraged to reflect on their commu-
nication competencies and the performance of the team as a whole, as well as on

Team
Role A | Role B Role C
Have access to image Recetye the verom Can only ask
during 10 min ¢ deiciiptianarEmin uestions to role B
- ,/1 and cannot ask RUSSSIONG »a (¢
7 . ’ during 10 min
J questions to role A g
Can only describe . >
iorbalivihe rmasate ’ Can only respond ’ Have to draw the
! 4
¥ E verballytoroleC | image given to role A
role B in 2 min 7 : g
during 10 min (2 min)

Figure |. Rules of the communication activity per role of each team.
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how this activity can be related to a real-world engineering environment. The goal
of triggering student reflection was also achieved by having students complete a
questionnaire, which had not only a research function but also an educational
purpose. From the experiential learning approach,?’ this study provides an activity
in which students engage in an experience and actively reflect on it.

In line with best practices at TU Delft, the activity, with supporting materials
for lecturers, has been published as OpenCourseWare' at the OpenCourseWare
Website of TU Delft.

Method

Participants

Data were collected between March 2018 and October 2019 over five European
engineering universities: TU Delft, KU Leuven, TU Dublin, IST and UMinho.
The activity was implemented at the first three universities because they were part
of the PREFER project and in the last two as researchers at these institutions had
shown an interest to implement it in their institutions after learning about its
existence.

The communication activity in TU Delft was integrated into the Forensic
Engineering course, an elective for Aerospace Master students in the faculty of
Aerospace Engineering and was delivered to a multinational class of first-year
Master students in March 2018 and May 2019.

In KU Leuven, the activity was implemented twice. First in September 2018, in
a one-week summer school with international engineering Master students of KU
Leuven and FH Dortmund, and second in April 2019, with Flemish Master in
engineering students at different KU Leuven campuses.

The activity in TU Dublin was carried out in March 2019 with a group of first-
year Bachelor students in a project-based learning course in the Civil engineering
faculty.

Figure 2. Image used in the activity and shown to students in role A.
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At IST, ten lectures were given in October 2019 to first-year Master students of
Computational Engineering in the course Independent Studies that focuses on
communication.

Finally, at UMinho the activity took place with students in the first semester
(October 2019) of the first year of the Master in Engineering Project Management.

The activity was conducted in English at TU Delft, TU Dublin, in the first
implementation at KU Leuven and two lectures in IST. English was used when
at least one non-native speaker was present in the activity. In the second imple-
mentation at KU Leuven, the activity was carried out in Dutch and at UMinho
and IST, the activity was delivered in Portuguese.

In total 393 students participated in the activity (53 at TU Delft, 27 at KU
Leuven, 6 at TU Dublin, 282 at IST and 25 at UMinho). Ethics approval was
granted for this study by the university’s Institutional Review Board and 385
participants consented to be part of this research. Data were analysed
anonymously.

Data analysis

This study took a mixed-method approach utilising the Chinese Whispers with a
Twist as a case study to investigate what characteristics make the game-based
learning exercise effective for students of different engineering fields to practise
and reflect on their communication competencies. The characteristics of this game-
based learning activity are first analysed based on the performance of the groups
using the scores given to each of the outcome drawings produced by each group
during the activity. The rubric (Table 1), developed based on Stevens*® and on the
information present in the image in Figure 2, was used to score the drawings on the
number, position, and colour of the objects. This way, the drawings provide an
objective quantitative measure of the communication performance of the groups.

In addition, a paper-and-pencil questionnaire, delivered at the end of the activ-
ity, collected information on students’ perceptions of their communication perfor-
mance in the activity (“1.1 A. How good did you feel your communication skills were
in this activity?” on a 5-point Likert scale - very good, good, neither good nor bad,
bad and very bad, and “/.1B. Explain briefly why.”), on points of improvement
(“1.2. What do you feel you can improve on?” given a range of options [pay atten-
tion to details, listen to others, ask questions, reply to questions, describe infor-
mation, write down information and other] and students could select more than
one response) and on the importance of communication competencies (“2 4. Do
you feel that this activity helped you to wunderstand the importance of
communication?” on a 5-point Likert scale - strongly agree, agree, neither agree
nor disagree, disagree, strongly disagree, and “2B. Explain briefly why.”).

This study intended to investigate how effectively students performed as a group
but also as individuals. The aspects that the students focused on in the rubric as a
group and the aspects expressed by students individually are compared to see the
effectiveness of students’ communication competencies.
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In this paper, the open questions (1.1B and 2B) will be referred to as OQ1 and
0Q2 from here on. Unlike OQ1, which was present for all implementations of the
activity, OQ2 was added to the questionnaire only in the last three implementa-
tions (at TU Delft 2019, IST and UMinho) to gain deeper understanding of the
quantitative data. The quantitative data was originally the only method of assess-
ment used to understand whether students gained awareness of the importance of
communication competencies in the first implementations (TU Delft 2018, TU
Dublin, KU Leven 2018 and 2019). The analysis of the data in such implementa-
tions suggested the need to add OQ2.

The open responses (i.e. students’ explanations) were analysed by a multidisci-
plinary team of researchers with backgrounds in psychology, engineering and edu-
cation. The analysis followed the steps described in Figure 3. A General Inductive
Analysis was used, which is similar to Grounded Theory but instead of drawing a
theory as in the Grounded Theory approach, it provides an understanding of how
students experienced the communication activity.>” Quotes are provided to explain
themes that emerged from the analysis. They are between quotation marks and
have been labelled using the role, group and university of the students, e.g. ‘CI.
TUDublin’ is a student from TU Dublin with role C of group 1. As more than one
lecture was conducted at IST per day, those student codes for IST were created as
follows: ‘A6.ISTTh1’ is a student with role A, group 6, participating in the lecture
on the first Thursday at IST.

To ensure consistency within the findings, Fleiss’ kappa was calculated in R to
measure agreement between the three raters.® After the first round of coding
Fleiss’ kappa=0.571 and 0.630 for OQ1 and OQ2, respectively. After discussion
among authors 1, 2 and 3 about their individual attribution of the codes, the Fleiss’

'steps| | wHAT || HOW [ who |
Coding of all Attribution of first codes to every chunk of text
1 responses of OQ1 (23 and 17 codes were assigned to OQ1 and Author 1
and OQ2 0Q2, respectively)
. Search for relationship in the data/codes (2 and
2 Idiltl‘gcztr';z at 3 categories were created in OQ1 and 0Q2, Author 1
9 respectively)
Cross-checking Individual match of first codes to 10-20
3 ‘ ‘ codes l responses randomly selected in OQ1 and 0Q2 ‘ ‘ Authoiy 24 ‘
3 Discussion about coding process and
. reformulation of codes (codes were reduced to
4 Zoom meetings few words, redundant codes deleted and missing | | ~Wthors 1-4
codes added) and categories
Coding of all
Individual attribution of new codes to every
< responses of OQ1 | | o1 nic of text (22 codes for both OQ1 and 0Q2) | | Authors 13
and 0Q2
6 | | Checking reliability | | Calculation of kappa ‘ ‘ Author 4 |
2x
: Discussion to find agreement (or not) on codes Authors 1-3 or
7 ‘ ‘ Zoom meetings ‘ attributed to all the responses of 0Q1 and 0Q2 182 or 183

Figure 3. Process followed by the authors during the qualitative data analysis of the responses
students provided in open question | and 2 (OQI and OQ?2).
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kappa improved to 0.988 and 0.954 for OQ1 and OQ2, respectively. Agreement
was not achieved when there was not a specific code linked to attribute (e.g. a code
regarding the outcome drawing: “Because we got a good score” A6.ISTThl) or
when students’ responses were not well written grammatically.

Results

This section first presents the communication performance of students
according to the group drawing scores. This is followed by reporting on the anal-
ysis of the perceptions of students, based on the quantitative and qualitative data
provided in the questionnaire. Finally, it describes the benefits of the activity
according to the quantitative and qualitative responses given by students in the
questionnaire.

Students’ performance

Seventy-two outcome drawings were produced by the groups over the five univer-
sities. The drawings’ scores per category (objects, number, colour, position and
details), as present in the rubric, are shown in Table 2. These scores give the aspects
that the groups focused on during the activity and as a result, how effective each
group of students performed.

The results showed that four groups: 4. TUDelft (drawing on the left in
Figure 4), 1.TUDublin, 5.ISTMo3 and 2.ISTTh1 scored more than 75% of the
points, meaning that the flow of communication between these participants
worked effectively. These groups met most of the aspects present in the picture.
They identified all the objects, number, colours, positions and even small details
such as the ears of wheat. Conversely, 25 groups, as indicated by the drawing on
the right in Figure 4, did not even score half of the points (Table 2), meaning
that they had issues communicating with each other. They missed several aspects in
the picture such as objects and their colours and number, as well as most of the
details.

The average groups, who met between 50% and 75% of the aspects of the
picture, as shown by the example drawing in the middle of Figure 4, performed
well on the identification of objects. However, some of these groups missed the
colours of the objects, their number and positions, and other groups missed out the
details.

Students’ perceived performance

Communication competencies. Looking at students’ perceptions of their performance
in the communication competencies during the activity (Figure 5), 14% of the
students mentioned they felt they were very good communicators and 63.1% of
the students reported they felt they were good communicators. A small percentage
of students, 20.5 and 2.3% perceived they were neither good nor bad or bad com-
municators, respectively.
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Table 2. Drawing scores, assessed using the rubric, of the groups who score higher than 75% of
the points (highlighted in bold) and less than 50% of the points.

Rubric scores

Group
University ~ Year  Group ID Objects Number Colour Position Details total
TU Delft 2018 4 7 4 7 7 I 36
IST 2019 5 Mo3 7 5 7 7 9 35
IST 2019 2 Thl 7 5 7 5 I 35
TU Dublin 2019 | 7 4 7 6 9 33
IST 2019 2 Mo2 6 3 0 3 9 21
IST 2019 2 Mo3 5 3 4 2 7 21
IST 2019 5 Mo2 6 3 0 3 8 20
IST 2019 3 Mo3 5 4 3 5 3 20
IST 2019 3 Frl 5 4 3 4 4 20
IST 2019 3 Thli 5 4 0 4 7 20
IST 2019 2 Tu2 5 3 4 3 5 20
IST 2019 2 Tul 5 3 2 3 7 20
IST 2019 4 Th3 4 3 2 3 8 20
IST 2019 5 Mol 6 2 3 3 5 19
IST 2019 4 Thl 5 3 4 | 6 19
IST 2019 |1 Mo4 6 3 | 3 4 17
UMinho 2019 6 5 3 | 3 5 17
IST 2019 4 Tul 5 3 0 2 7 17
UMinho 2019 5 4 4 0 3 6 17
KU Leuven 2018 2 4 3 | 4 5 17
IST 2019 6 Mo3 4 2 2 2 7 17
KU Leuven 2018 3 3 3 3 3 5 17
IST 2019 4 Mo2 5 2 0 4 5 16
IST 2019 4 Th2 4 3 | 2 6 16
UMinho 2019 1 6 4 0 4 7 15
IST 2019 5 Tul 6 2 4 | 2 15
UMinho 2019 3 5 2 | | 6 15
IST 2019 | Mo2 3 2 0 3 6 14
UMinho 2019 4 4 2 0 | 5 12
Rubric Total 7 5 7 7 17 43

Note: The maximum possible score was 43 points (with Mo - Monday, Tu - Tuesday, We - Wednesday, Th -
Thursday and Fr - Friday).

To further investigate students’ performance during the activity, students were
asked to explain their perceptions of their communication competencies
performance (OQ1). Two categories emerged from the qualitative data analysis
of OQ1: C1) effective communication competencies and C2) ineffective communi-
cation competencies. The themes and the number of times students mentioned
them are present in Table 3.



Leandro Cruz et al. 13

Figure 4. Drawings of groups who score higher than 75% (left), between 50% and 75% (middle)
and lower than 50% (right) of the points of the rubric.
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Figure 5. Students’ perceptions (N = 385) on their communication competencies on a 5-point
Likert scale (very good, good, neither good nor bad, bad, and very bad).

Table 3. Themes attributed to students’ responses to OQ| of the questionnaire (N = 385).

# Students

Themes Effective (+) Ineffective (-)
Conveying/explaining/answering 167 36
Asking questions 48 28
Details 46 82
Planning/strategy 44 13
Listening 20 3
Managing 20 34
Taking notes Il 6
Noise I 27
Observing 8 |
Participating 3 2
Remembering 2 16

Note: # Students is the number of students who mentioned each theme.
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The two categories and their associated themes are used to summarise how
students perceived their communication competencies performance. Most students
provided balanced experiences of effective and ineffective communication compe-
tencies during the activity. Since effective and ineffective experiences were reported
by students for the same themes, they will be presented together.

(In)Effective communication competencies: Themes in these categories focused
on the ineffective and effective communication competencies perceived by students
and how that hinders or benefits their performance during the activity.

Conveyinglexplaining/answering+. Almost half of the students perceived they were
effective communicators in the activity when they provided clear explanations
and responses to the questions posed and conveyed the message to their peers.
Examples that expressed these were:

“Everything was explained accurately.” (A4.TUDelft2018)

“I tried to convey information as efficiently as possible by visual (charades) and descrip-
tive (talking) means.” (A1.TUDublin)

“I answered all questions with details known to me, without expanding into aspects not
specifically asked for.” (B1.KULeuven2018)

Conveyinglexplaining/lanswering-. This theme was not the most selected theme under
the category of ineffective communication competencies, contrary to its opposite
above. However, many students recognised they could have explained and
answered better, be clearer and more coherent. Students also mentioned difficulties
to convey, explain and respond to questions because they were disorganised and
rushed, did not gather nor receive enough information, did not know how much
information to provide and because time was limited. Also in this theme are com-
ments in which students expressed that they did not describe or answer with detail.
Examples of these were:

“Because I was ineffective in explaining everything, I had seen in 2 minutes.””
(A2.ISTMo2)

“Did not explain clearly the information to role C.” (B5.ISTMol)

“I could’ve responded more specific and detailed.” (B4.1STFr1)

Asking questions+. This was the second most referred to theme under the category of
effective communication competencies. Students mentioned what kind of questions
they posed. They go from specific, in-depth and detailed to open and broad ques-
tions. Other adjectives students used were good, relevant, clear, useful and right
questions. Students also stated how they formulated questions. They either asked a
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lot of questions, with a specific structure or asked questions based on the answers
given. Examples in this theme were:

“Asked both in-depth and broad, general questions” (C1.KULeuven2018)

“As C, I went straight to the point and started by "what did A describe to you?”. After
that, I asked questions like sizes, colours and relative positions.” (C2.1STMo3)

“We overloaded the B’s with open questions in a structured manner, getting a ton of
information.” (C5.TUDelft2019)

Asking questions-. Issues with asking questions were identified by many students in
the questionnaire. Some students mentioned they did not ask enough questions or
that they asked questions that were too specific or too general. Students also stated
they were not able to ask questions because they were nervous and limited by the
time constraints. Examples provided by students were:

“I asked very specific and straightforward questions, instead of asking something broad-
er.”® (C1.UMinho)

“I should have asked more specific questions” (C5.ISTTul)

“Because I was nervous, I didn’t know how to ask the right queslions.”b (C3.UMinho)

Detailst. This theme contained all the comments under effective communication
competencies that students stated the word detail or similar words to that effect.
They mentioned that they wrote down details, paid attention to them, explained
with enough detail, received detailed information and ask and answered with
detail. Examples of these were:

“I focused on the details.” (B1.ISTTul)

“I explained the details as much as I could.”® (A2.UMinho)

“I pay attention to details and transmit this information to others.” (A5.ISTMol)
Details-. This theme was the most referred to under the category of ineffective
communication competencies. As in the theme “Details+”, every time details were
mentioned in a negative context, it was considered in this theme. Several students

in this theme stated they were able to describe information, answered and
responded to questions effectively, however, they mentioned they forgot, mixed
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up, and missed details. In contrast, other students mentioned specifically that they
did not describe some details, ask what details to draw, respond with detailed
answers nor paid attention to details. Also, in this theme comments of students
can be found that express the causes for not being able to communicate the details.
Causes listed were time constraints, wrong focus, and large amounts of informa-
tion received. Examples given by students in this theme were:

“We could communicate the most important aspects of the image but forgot to mention
some details.” (A3.1ISTMol)

“When trying to get a lot of information given by my colleagues, I was not able to pay
much attention to details.”® (B1.ISTMo2)

“I tried to communicate with detail in the simplest way possible but wasn't fast enough so
some details were missing from my explanation.” (A4.ISTMol)

Planning/strategy+. Under this theme, comments were found that showed that stu-
dents had plans and strategies during the activity to describe, listen, ask, respond
and draw the image. Some students only mentioned they were organised and had a
structure in place. Others stated specifically their strategies, as seen in the following
examples:

“We had a good strategy going from left to right and bottom to top. One person speak-
ing.” (A6.TUDelft2019)

“We have grouped the information in different categories (trees, background, etc.)”
(B7.ISTTh3)

“We were able to divide tasks and prepare what we were going to say.” (A5.ISTMo3)

Planning/strategy-. On the other hand, some students stated that they lack planning
and organisation during the activity. Most students stated these issues as a point
for improvement. They realised they should have been more organised when
taking notes and describing the image, planned what to say in the short time
and to have a strategy of how to ask questions. Students’ responses showing
these issues were:

“More organization was enough. We both tried to speak, repeating many things and
leaving others.”® (A41STTh2)

“I could have asked more questions and not assume as much, and try to begin from left to
right.” (C3.ISTThl)
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“Next time I would take this into account in the organization of the notes and in the way,
I pass information.” (A1.ISTMo2)

Listening+. In this theme, comments of students that referred to listen, receive, pay

attention, focus, capture and catch information were considered. Students mentioned

they were able to receive the information described, listen to the questions posed and

pay attention to details. One student also mentioned the importance of listening and

show interest in the contribution of their colleagues. Examples in this theme were:
“I listened to both A’s descriptions and C’s questions attentively.” (B2.ISTMo3)
“Listened for most details” (B1. TUDublin)

“Listening to my colleague so that it is not just from my viewpoinl”b (A2.UMinho)
Listening-. In constrast, three students reported encountering problems when listen-
ing either because of teamwork or because of time management issues. Examples

provided by students were:

“Didn’t listen/take into account the suggestion of another team player “C”.” (2C.
KULueven2018)

“It was hard to listen while in a hurry.” (SB.ISTTul)
“When we started, we realized we only had 1:15 minutes left so we had to rush a bit, and

we ended up causing group B to mishear “vaca” as “barra”.” (SA.ISTMo2)

Managing+. This theme referred to time management during the activity. Few
students perceived that time was not a limitation to complete their tasks during
the activity and others were more specific, saying they were efficient using their
communication competencies. Examples in this theme were:

“There was enough time for it.” (B1.ISTTu2)

“Fast and effective communication.”® (B2.ISTThI)

“We managed to tell most of it in two minutes.” (A6.TUDelft2019).

Managing-. Students mentioned “Managing-" more frequently than “Managing+"~
which means that more students found that managing the limited time of the
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activity harder. Due to the time constraints, students stated they forgot informa-
tion, could not take all the notes nor listen attentively and were not able to describe
things clearly, because they were either too fast or too slow, focused too much on
details, or failed to mention them all. Students expressed time management issues
as follows:

“Passing all the information was difficult in 2 minutes.”® (A2.ISTTul)
“Time constraint makes you forget the simplest questions.” (C2. TUDelft2019)

“We spent too much time in discussing detail on a particular part of the sketch and that
resulted in explaining badly in a rushed manner the other elements.” (A4.ISTMol)

Taking notes+. Most students in this theme mentioned that they took notes to be
able to transmit the information they saw. Few of them also took notes while
listening to the description of the image. Students expressed these as follows:

“I think I wrote down all the right details.” (A2.TUDelft2018)
“Everything that was in our notes was successfully passed to group B.”® (A5.ISTTh3)

“When listening, I tried to balance sheer memory and note-taking.” (B1.ISTTul)

Taking notes-. Under this theme, students recognised they should have taken notes
and not only memorised the information received. Also, students who took notes
mentioned they were slow or did not take the right notes. Examples given by the
students were:

“I should have written the details rather than memorize everything.” (3B.ISTTh3)
“I couldn’t write down all the information I got.” (3B.ISTTul)

“Because the notes I had taken weren’t very helpful.” (5B.ISTMol)

Noiset+. Comments in this theme referred to the understanding and interpretation
of information. Some students stated their colleagues understood what they
described and asked. Other students realised that they understood the information
they received. Examples in this theme were:

“For my part, everything I described was well interpreted.”® (A6.ISTMo4)
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“I managed to make myself understood in the questions I asked and I understood every-
thing I was told.”® (C1.ISTFrl)

“I didn’t start drawing until I understood exactly what and where everything in the
picture is.” (C1.TUDublin)

Noise-. More students have identified this theme than “Noise+”. Comments here
were references to barriers in students’ communication, such as the assumptions
they made and their lack of understanding. Students mentioned that their prede-
fined ideas made them wonder about what to and how much to describe, what kind
of questions to ask, and how detailed they should have answered. Another barrier
pointed out by students was the lack of understanding of the activity itself, and of
what others described and asked during the activity. Examples of this theme were:

“Found myself somewhat limited by my own pre-conceptions of what I would and could
not do.” (B4.UMinho)

“Assumed things that weren't said (assumed sky was blue, grass was green...)” (C2.
ISTTu2)

“Lack of understanding in the questions”® (B6.UMinho)
Observing+. Comments here referred to observing and analysing the image to cap-
ture the necessary information to be transmitted for the next group. Not surpris-
ing, this theme was only referred to by students in role A as it was their given
function. Examples provided by students were:

“I was able to observe a lot of details.”® (A5.UMinho)

“I think we did a good job at analysing the image.” (A5.ISTMol)

“We managed to capture more of the important aspects.” (A6.ISTMol)
Observing-. Only one student mentioned not observing the image effectively as fol-
lows: “I did not observe attentively the smallest details of the images.” (6 AISTMol)
Participating+. Under this theme, students stated that they participated actively in
the activity. One student referred to their participation and the other two to the

work in groups, as follows:

“Interventional, interested, commented.”® (C5.1STh2)
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“Because we were all working for the same thing and there was a commitment from
everyone to be able to draw.”® (C3.ISTMol)

Participating- Only two students mentioned that they did not participate actively
during the activity. Examples of these were:

“I didn’t speak too much.” (1B.ISTTu2)

“I felt I could’ve interacted more in answering the questions.” (2B.ISTFrl)

Rememberingt. In this theme, only two students in role B mentioned that they were
able to keep the information described to them (“I was basically able to retain the
necessary information to help describe what the drawing would become.”® B5.ISTMo4).

Remembering-. Many more students referred to this theme than “Remembering+".
They recognised that their memory was not good enough because they forgot
something. Also, students specifically mentioned they forgot to describe the details
of the image and to provide all the details received and ask certain questions.
Students mentioned that time constraints and assumptions were the cause for
forgetting to explain and ask. Examples provided by the students were:

“My memory could be better.” (7B.ISTTul)
“We forgot some details when answering C’s questions.”® (5B. ISTMo2)

“Time constraint makes you forget the simplest questions.” (2C. TUDelft2019)

Points for improvement

The researchers were also interested in investigating whether students recognised
points for improvement (Figure 6). Pay attention to details and describe informa-
tion were points for improvement frequently indicated by students in the three
roles (Figure 6). Other points for improvement indicated by students were describ-
ing information clearly, slower or faster, with more detail and from general to
detail, asking for clarification and more questions, managing time, organising
speech and planning a strategy to describe information, listening before rushing
to draw and take notes and not assuming or ignoring information.

Importance of communication perceived by students

Students were also asked whether this activity helped them to understand the
importance of communication and why. The results of the questionnaire showed
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Figure 6. Points of improvement indicated by students (N = 385) per role (A, B and C). More
than one option was allowed.

that 38.7% and 52.5% of students strongly agreed and agreed, respectively, and
that this activity helped them to understand the importance of communication
(Figure 7). Only 7.8%, 0.8% and 0.3% responded neither agree nor disagree, dis-
agree and strongly disagree.

To further explore the quantitative data, the written explanations of the stu-
dents were analysed. Three categories emerged from the qualitative data of OQ2:
C1) Awareness, C2) Experience and C3) No gain. Themes arising from the analysis
were grouped into one of these categories (Table 4) and were used to summarise
the benefits of the activity perceived by students. The findings showed that this
activity created awareness and experience of communication competencies for
most students.

C1) Awareness: This category concerns the awareness students gained during
the communication activity. Most students perceived they gained awareness of this
activity.

Barriers in communication. This theme was the most selected by students. General
comments about the difficulties in the communication process were pointed out by
students here. Students perceived that effective communication is hard because
information can be easily misinterpreted or lost in the communication chain.
These difficulties impacted communication outcomes according to students. For
that reason, they recognised that communication should be as concise and clear as
possible. Examples given by students were as follows:

“I had no idea how hard it could be to transmit information between sources.” (A2.
ISTTh3)

“It was a good way to show how information can get lost, twisted and wrongly inter-
preted in a verbal description.” (A4.1STFrl)
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Figure 7. Students’ perceptions (N = 385) on whether this activity helped them to understand
the importance of communication on a 5-point Likert scale (strongly agree, agree, neither agree
nor disagree, disagree, strongly disagree).

Table 4. Themes and categories that emerged from students’ responses to OQ2 of the ques-

tionnaire (N = 385).

Categories Themes # Students
Cl) Awareness Barriers in communication 67
Details 49
Conveying/explaining/answering 46
Team/group communication 42
Importance of communication 37
Asking questions 26
Managing/planning/organising 22
Understanding 21
Strengths and points for improvement 20
Listening 19
Assumptions 10
Taking notes 8
Communication styles 8
Observing |
C2) Experience Communication process 15
Team/group communication 7
Engagement/fun 5
Interaction between people 2
C3) No gain Have awareness already 18
Nothing new 6
Have experience already 4

Note: # Students is the number of students who mentioned each theme.
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“Because we realize the impact that communication failures can have on a project’s final
result for example.”® (A6.ISTTh1)

Details. Under this theme, comments that referred to details were grouped. They go
from paying attention to details, providing detailed explanations and responses
and asking detailed questions. Students also mentioned how details can be easily
lost and forgotten and how selecting and communicating the fundamental details
can impact the communication outcome. Examples provided by students in this
theme were:

“This activity helps us to understand how important it is to pay attention to details, ask
the right questions and in detail.”® (A1.ISTMo4)

“Interesting to see the amount of detail that’s lost when communicating, especially the
thing that seem obvious like it’s a silhouette.” (C3. TUDelft2019)

“It’s a good example of how missing one detail/getting something wrong can make a
huge difference in the outcome.” (C4.1ISTMo3)

Conveying/explaining/answering. This theme encompassed comments in which stu-
dents were specific about providing clear and concise information. Some students
expressed how this activity helped them to gain awareness of this and others men-
tioned the consequences of not doing it effectively. Examples in this theme were:

“It’s important to understand what to answer when you need to pass some information.”
(B7.ISTMo3)

“You should really try to explain something with a neutral base and think about possi-
bilities how it may be understood wrong.” (A5.ISTTul)

“The hurried speech was responsible for communication failures.”® (C5.ISTTh1)

Team/group communication. Under this theme were general comments in which stu-
dents referred to gaining awareness of the difficulties of working in teams, the
communication flow between team members, and the engineering role in the
team. Students’ responses in this theme were:

“The information required strongly depended on the efficiency of the communication
between each group.” (C2.TUDelft2019)

“Because it helped understand how communication can be lost between two groups.”
(C1.ISTMo4)
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“It’s important for us to be aware of what happens in the “real” world, as we will play
roles that may be included in any of these roles.” (A5.ISTTh3)

Importance of communication. 1t is not surprising that the importance of communica-
tion was mentioned by students, given that they were prompted (in the question-
naire) to explain how the activity helped them to understand the importance of
communication. Comments in this theme were generic in which students stated
that communication is key to achieving objectives, is essential for engineers and
generates interaction with others and relationships. Also, in this theme, comments
were given that referred to the positive impact of communicating effectively, espe-
cially in engineering professions. Students expressed the importance of communi-
cation as follows:

“Communication is the basis of all relationships. It is important to know how to com-
municate to get the best results, especially if there are intermediaries.” (B4.ISTMo2)

“Because good communication is essential when trying to describe things to others,
otherwise the information transmitted might be misunderstood.” (AS5. TUDelft2019)

“This activity is definitely associated with the computer software production cycle. This
process is only possible if there is effective communication.” (A1.ISTTh1)

Asking questions. Under this theme, students stated that this activity helped them to
gain awareness of effectively asking questions. Students mentioned that making all
the necessary questions (general and in-depth) help their understanding, acquisi-
tion of information and transmission of the message received. They expressed these
as follows:

“It showed me the importance of details and questioning the aspects we usually take for
granted.” (A1.ISTMol)

“The straightforward question of team C: “What did they describe you?” made me
realize that there are sometimes “out of the box” ways to achieve goals through com-
munication. It allowed me to give a much more comprehensive description than with
more closed questions.”® (B2.ISTFrl)

“Being able to express ideas well and try to ask the important questions help to pass
information better between people.”® (C5.ISTMo3)

Managing/planning/organising. Comments here referred to the importance of structur-
ing and selecting information and having a strategy or plan to transmit the
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message. Students referred to this often due to the time constraints. Examples in
this theme were:

“Explaining things more succinctly and organised leads to better results” (C5.ISTMol)

“Because it is through efficient (time) and effective (results) communication that you
can communicate in the best way.”b (A2.ISTTh1)

“Because not always we have all the information to give or the time to give it correctly
and we must learn how to deal with that.” (A3.1STMo2)

Understanding. In this theme, students mentioned that this activity helped them to
think about the perspective of others, to recognise that not everybody has the same
information, and how one should be concise and clear when communicating to
create understanding in others, otherwise, communication is affected. Students
showed these with the following examples:

“If the communication is not done properly, then the other’s understanding will be
affected.” (B1.ISTMol)

“It was important to understand each phase of communication and remember that not all
groups had access to all the information.”® (C1.1STTul)

“It’s very important to know to describe what we want to describe and to make sure the
person on the receiving end is setting the idea we want to transmit.” (B2.ISTMo2)

Strengths and points for improvement. This theme referred to comments of students
showing that this activity helped them to recognise where students failed during the
activity and to reflect on their strengths and points for improvement. Examples of
students’ responses were:

“It forces each group to think where we failed and to rethink.”® (C1.1STTu2)

“It helped me to understand that I'm really bad at writing down the important
information.” (B4.ISTMol)

“I already knew how to ask questions. In fact, I did it well.”® (C41STTh1)
Listening. Under this theme, students were specific about the importance of listen-

ing and paying attention to others. Students often mentioned that without this
skill, one is not able to understand others nor effectively transmit the information
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received. That was why this theme often appeared with the theme conveying/
explaining /answering. Examples of students were:

“It proved that listening to others is important in order to be able to later describe
better.” (B6.ISTTh3)

“It’s important to listen to other people and to ask specific questions in order to get a
better understanding of a particular situation.” (A3.ISTMo3)

“It helps to realize the importance of paying attention and writing information in order
to be able to convey it clearly.” (B5.ISTMo4)

Assumptions. Responses in this theme were specific to assumptions that people
make and the importance of not making them by paying attention to what is
transmitted and to ask questions when there is not enough information to make
conclusions. Students showed these with the following responses:

“We can conclude that we often start from assumptions (like the colour of the elements
of the image) instead of really thinking. We are pre-formatted to communicate taking
this information into account.”® (B2.UMinho)

“Pay attention to details and, mainly, do not assume information that was not said.”®
(C2.UMinho)

“It made me realize that when lacking information, ask questions first, rather than
assuming my point of view is correct.” (C7.ISTTh3)

Taking notes. Under this theme, students mentioned how important taking notes is,
along with listening, to be able to remember information and provide clear mes-
sages. Examples of how students showed these were:

“Helps to understand the importance of paying attention and writing information in
order to be able to transmit it clearly.”® (B5.ISTMo4)

“It is extremely important to listen carefully before writing any notes.”® (B5.ISTMo4)
“It also showed that I need to write stuff down, memory is not enough.” (B6.ISTTh3)
Communication styles. Students indicated that this activity helped them to gain

awareness that people are different as they see, think and perceive differently.
This theme is often linked with themes like conveying/explaining/answering and



Leandro Cruz et al. 27

understanding because students realised the need to put themselves in the other
person’s shoes and adapt communication to them and to be clear and concise to
convey information. Examples considered in this theme were:

“People interpret things the way they want to, not like its actually said.” (A6.
TUDelft2019)

Because with this activity I realized that not everyone imagines the same things by just
saying the word ’tree’ for example. (A2.UMinho)

“Often people have to realize that we are all different, which will imply that we all have
different perspectives and that if we don’t know how to explain it properly there will be
misinterpretations.”b (A2.UMinho)

Observing. This theme was only mentioned once and the student stated they gained
awareness of several ways of communicating through the activity and one of them
was observing (“Because the dynamics showed the complexity of communication in
several ways, from observing, speaking, paying attention, listening, knowing how to
ask the right question for a less distorted conclusion as possible.”® A6.UMinho).

C2) Experience: This category is characterised by the experiences students had
during the communication activity.

Communication process. Responses under this theme were general comments in
which students practised and improved their communication competencies and
experienced the communication process existing in the engineering real world.
Examples in this theme were:

“I believe it was a good exercise to develop other ways of communication.” (A4.
UMinho)

“It’s a good basic exercise to show how important small things can do with wrong
information.” (B4. TUDelft2019)

“It was important to showcase communication in a similar way to what might happen in
a more hierarchic, professional setting.” (A5.ISTMo3)

Team/group communication. Different from the previous theme, comments here were
specific when students experienced teamwork within this activity and related to
engineering work experiences. Examples in this theme were:

“As it evolved 3 teams and each one had their responsibilities, the only way to achieve the
goals was to make sure everyone communicated well to one another.” (A3.1STTul)
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“This is a brilliant example/exercise of what transmitting core information is, between
working groups, which in engineering is essential.” (B1.ISTTu2)

“This activity showed us an example of what we are going to find after starting to work.
Clients provide information on what they want to the project manager, which by their
turn forward such information to the developers. It is not long for the three parties to
explain/receive information.” (A7.ISTTh3)

Engagement/fun. Under this theme, comments were listed that showed that students
enjoyed the activity. For example:

“I found the dynamics amazing!”® (B3.UMinho)

“It’s a really simple activity which can be understood from everybody, that in a short
time evolves from the very beginning to the finished product.” (C4.UMinho)

“It was a fun experience.”® (B6.ISTTu2)

Interaction between people. Only two students identified that this activity allowed
them to work with people they did not know (“Good initiative to interact with
strangers, one of the situations that do not occur often in our lives” A2.1STTu2).

C3) No gain: This category is defined by themes in which students mentioned
they did not gain any awareness, experience or anything else by taking part in the
activity.

Have awareness already. Students in this theme stated they had awareness of the
importance of communication already before the activity. However, most of them
still mentioned that this activity improved their communication awareness or expe-
rience. Examples given by students were:

“I already knew how important communication is. This only makes it more clear.” (B7.
ISTTul)

“I already knew the importance but more at the theoretical level, here I was able to
practice the consequences of good and bad communication.”® (A2.ISTFr1)

“I knew it. It did prove it.” (A2.TUDelft2019)
Nothing new. Few students mentioned that they did not gain anything from this

activity either because it was too short or too simple or because it was not useful
for them. Examples of how students expressed this theme were:
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“One hour isn't enough to learn anything new about a topic that important as
communication.” (B7.1STTu2)

“In the meantime, I don’t really feel that I gained or lost anything from this activity.”
(C2.ISTMo4)

“Idon’t really see the point of the exercise; it is too artificial to be useful, plus, regularly
we don’t have such time constraints when we're doing important communication
activities.” (B7.1STTu2)

Have experience already. Comments in this theme were similar from the theme Have
awareness already but, in this case, students mentioned they already had experience
with communication. Examples provided by students were:

“Before this activity, multiple life events had already shown me that communication is
key, not just for work-related activities, but for general life purposes.” (B1.ISTMo4)

“I already knew how to ask questions.” (C4.ISTThl)

Discussion

The main research question of this study was: “What are the characteristics of a
game based-learning practice that stimulates engineering students to practise and
reflect on their communication competencies?” Having used a mixed-method
approach and the Chinese Whispers with a Twist as a case-study, it was found
that the characteristics that make the activity effective are active participation,
engagement, rules, reflection, risk taking and cooperation. This section will discuss
the evidence provided by the data analyses for the identification of these
characteristics.

As present in the literature, games engage students because they are inter-
esting and enjoyable. This activity is effective as a game-based learning activity
because students actively participate and engage in the activity as they reported in
the qualitative data of both open questions under themes “participation+” and
“engagement/fun”. Through engagement and active participation students showed
that they gained awareness and experienced communication competencies.

Rules are an element of games, as they are set by rules.”” The rules in this
activity were that students had limited time to describe the image, listen, ask
and answer questions, and that they could not ask questions for clarification.
Some students did not find the rules a constraint to their communication compe-
tencies as evidenced by the themes “planning/strategy+" and “managing+".
Because students had a strategy in place to observe the image, transmit informa-
tion and ask questions, they were able to manage their time well during the

28,29
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activity. On the other hand, for some students, the rules imposed caused difficulties
in communication. This was verified by the ineffective communication competencies
perceived by students under themes “planning/strategy-" and “managing-"". Here,
students had issues with planning and managing time during the activity and they
perceived points for improvement including the organisation and time manage-
ment of their speech, their listening skills and taking notes.

Another characteristic that makes this activity an effective game is reflection.
This finding can be seen in two perspectives. First, it was found that students
showed “effective and ineffective communication competencies” when they reflected
on their communication competencies asked in the questionnaire. The quantitative
part of the questionnaire showed that most students perceived they were effective
communicators, however, many identified points for improvement. The qualitative
part of the questionnaire corroborated these findings as students perceived that
their communication competencies were both effective and ineffective during the
activity.

It is evident from the questionnaire that students reflected on issues with details.
In the quantitative part of the questionnaire, “pay attention to details” was the
second most frequently indicated point for improvement by students. In the qual-
itative part, the theme “details” was frequently mentioned by students, either as
effective but mostly as ineffective communication. Under this theme, students
stated they did not pay attention to details, describe with detail, nor answer and
ask in detail. This finding was also verified in the rubric as the category “details”
obtained fewer scores compared to the other categories. Another point for
improvement often indicated by students was “describing information”. This out-
come was also found in the qualitative data in which students perceived they did
not convey, explain and answer effectively. Other themes that emerged from the
qualitative analysis, which were also present in the quantitative data were
“listening”, “asking questions” and “taking notes”.

Evidence was found in the qualitative analysis of additional findings which was
not present in the quantitative data. Students reflected on the barriers in commu-
nication, the need to be clear and concise when communicating with other people,
and think about the others’ perspectives by putting themselves in the shoes of
others to avoid misinterpretations when they communicate. These findings,
under themes “Noise-" and “Barriers in communication”, showed that this active
learning activity provided students with reflection on communication competencies
such as adaptive communication style*? and pitching skills'® which were identified
in previous studies as not yet mastered by engineering students.

The other perspective in which the occurrence of reflection was verified is in the
feedback session at the end of the activity. This session was intended to link what
happened in the game and the engineering real-world.?® In these feedback sessions,
students were able to draw a parallel between the activity and engineering work as
present in the theme “team/group communication”. This is an interesting finding as
this activity was designed to “plug-and-play” in a free context, although created to
mimic an engineering environment of communication in teams. According to the
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contextual learning approach, activities should be contextualised to help students
to connect academic content to the context of real-life.*® In this activity, the con-
nection between the activity and the real engineering environment was possible
because the reflection was guided by lecturers to the context of each engineering
field. The outcomes of the qualitative analyses can guide educators in this feedback
session at the end of the activity, which was intentionally positioned to allow
students to learn from their mistakes and reflect what they have done and learned.

As in previous game-based studies,” this activity gave students a training envi-
ronment in which they could take risks and make mistakes without consequences.
This is evident by the drawing scores measured with the rubric that showed that
many students failed to communicate in this activity, as many groups did not
obtain even half of the total number of points for their drawing outcome, and
the qualitative analysis that demonstrated that students identified ineffective com-
munication competencies, however, students still produced an outcome without
consequences.

Finally, another characteristic of the activity that makes it effective is its coop-
erative nature. Students perceived that this cooperative activity allowed them to
interact with other people, experience teamwork and become aware of team com-
munication as evidenced in the second open question of the questionnaire under
themes “Interaction between people”, experience and awareness: “Team/group
communication”, respectively. Similar results were found in previous research
where students’ interpersonal interaction increased within teams compared to indi-
vidual work®' and communication and teamwork were developed in cooperative
learning environments compared to lectures.*”

The main limitation of this study is that it is a case study and the results may be
different for other cases.*” However, this case can be seen as representative for a
wider set of cases because it was applied and studied over five different engineering
universities. Therefore, this is indicative that the results can be generalised to other
engineering fields.

A further limitation is that the last question of the questionnaire (“Do you feel
that this activity helped you to understand the importance of communication?”’) may
have biased the students to presume that communication is important. The authors
recommend rephrasing this question in future uses of the questionnaire to a more
neutral question, for instance: “what did you learn from this activity?”.

In future work, there is value in conducting interviews with past participants to
investigate the benefits students perceived with the activity on the long term, i.e.
whether students remember the activity and how it shaped their communication
competencies in the period after they took part in the activity.

Conclusion

This study investigated the outcomes of the implementation of a communication
activity called Chinese Whispers with a Twist as a case-study of a game-based
learning activity over five engineering institutions. The activity was designed to
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practice and reflect on students’ communication competencies such as
describing information in a short time, listening skills, and ask and respond
to questions. This study provides support for the effectiveness of this activity
as a game-based learning practice in engineering education because students
actively participated and engaged in the activity, had to follow rules, reflected
on their communication competencies and the existing communication barriers
and styles, gained awareness and experienced communication in teams and coop-
erated with different people. The authors encourage educators to use activities,
such as the one presented in this study, to put students in active learning activities
where they work in teams and practise and reflect on their communication
competencies.

This study also contributes to engineering education with the robust method-
ology used by the authors. They applied a mixed-method approach to analyse the
learning outcomes. They also used an objective scoring rubric, using a ratio scale
on which the elements displayed in the image can be quantified, to measure stu-
dents’ communication performance. Students’ perceptions were analysed using
both quantitative and qualitative approaches. The quantitative analysis allowed
for defining a precondition that the activity is effective to practice and stimulate
reflection on communication competencies. The qualitative analysis was used to
complement and enrich the data of the quantitative approach and extensive and
continuous iterations were applied by the authors during this qualitative phase to
provide accuracy to the results. Also, the material necessary to replicate the
research study and re-implement the activity in other universities was made
freely available. Finally, a large sample size of students from different engineering
universities was used. The authors wholeheartedly recommend researchers and
educators to work in multidisciplinary teams and provide transparency during
the research process as conducted in this study.
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