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Abstract—This article defines the modern interdisciplinary trends in engi-
neering and the collaboration of engineering with other sciences. Science,
Technology, Engineering, Arts (STEAM) approach has been chosen as suitable
for teaching engineers in English for Specific Purposes (ESP) classroom. The
authors created different tasks with art elements in teaching ESP. The topics of
the tasks are: material properties, environmental/global sustainability issues,
human factors engineering, employment of engineers, and engineering educa-
tion. Scaffolding, appropriate time management, cooperation, creative atmos-
phere, native materials are the conditions for the effective usage of the tasks
within STEAM approach. The results of the pedagogical experiment in 2019 at
the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” (lgor Sikorsky KPI) amongst 30 chemical engineers proved the im-
provement of language skills and other skills of the 21 century such as coopera-
tion, digital, problem-solving, creative thinking. An anonymous questionnaire
confirmed students’ positive perception of the STEAM approach.

Keywords—Art, Task, English for specific purposes (ESP), Engineer, Interdis-
ciplinary.

1 Introduction

First of all, engineering contexts are becoming more and more multidisciplinary,
causing a great deal of change in modern technical education. One innovation that has
addressed this trend was developed in 2001 at the National Science Foundation in the
United States, for the integration of Science, Technology, Engineering, and, Mathe-
matics (STEM). STEM is based on natural connections between disciplines. “Transla-
tions” through these four disciplines can allow students to have increased opportuni-
ties for their exploration and problem-solving strategies that can reap additional bene-
fits within many other curriculum areas [1, 5]. Effective STEM learning includes real-
world and authentic problems, involving new and emergent technology, science prac-
tices, argument-based practices, and multimodal communication [2]. STEM literacy is
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a broad concept composed of skills, abilities, factual knowledge, procedures, con-
cepts, and metacognitive capacities to gain further learning [3, 12]. The requirements
for STEM learning and language learning can sometimes coincide, as both require
understanding, listening, speaking, writing, reading skills, and the ability to learn, etc.

The National Institute for Mathematical and Biological Synthesis (NIMBioS) sug-
gests that a good deal of disciplinary collaborations will have a lasting influence on
scientific culture [4]. From the data given by the Institute, it is possible to analyse
collaborations between engineering and other research areas. The highest number of
collaborations are between engineering and biological/biomedical sciences, second
place was with health sciences; other collaborations were also noticed between engi-
neering and geological and earth sciences, agriculture and natural sciences, social
sciences, humanities, and ocean/marine sciences.

Moreover, based on bibliometric data from the Web of Science, engineering was
found to be one of the key fields of interdisciplinary collaborations together with
computer science, business, and economics [5]. As it was shown in the data for the
period 2004-2015, engineering had the strongest collaborations with computer sci-
ence, telecommunications, materials science, business and economics, social sciences,
public, environmental and occupational health, radiology, nuclear medicine, optics,
automation and control systems, mathematics, energy and fuels, and mechanics.

Some engineers are employed in STEM roles in non-STEM sectors, others are in
non-STEM roles, but recruited because of their STEM background [6, 10]. The de-
mand for a strong STEM workforce continues to grow and STEAM helps to recruit,
train, and retain such a workforce in ways that are effective and sustainable and foster
innovation [7]. To conclude, the scale of engineering is far beyond the technical area
and has had an impact on many other sciences.

Currently, more and more universities are focusing on STEM education. Among
them are, Massachusetts Institute of Technology, California Institute of Technology,
John Hopkins University, EMBRY-RIDDLE Aeronautical University. The Royal
Academy of Engineering has identified over 600 organizations involved in supporting
STEM engineering education [6].

Later, other disciplines joined STEM, some examples which are of interest to ESP
teachers are:

a) Environmental STEM [8]

b) STEMS-2 (Science, Technology, Engineering, Mathematics, Social Sciences and
Sense of Place); integrates STEM with social sciences [9]

c) BTEM (Biology, Technology, Engineering, Mathematics) [10] which also requires
coordination of knowledge and skills. According to the authors, the interdiscipli-
nary BTEM approach is a good alternative to out-dated methods in teaching when
teachers merely convey scientific facts in a rote fashion that have to be memorized
to pass examinations

d) STEAM (Science, Technology, Engineering, Arts, and Mathematics) [11], [12]. At
first STEAM was successfully used for secondary education in the USA [13], [14],
[15], [16], [17], [18], [19], in Korea [20], and Indonesia [21]. Now some scientists
try to adopt STEAM for broader educational context at the tertiary level [22], for
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engineering education [23], [24]. Art activities are used for teaching a science-
infused English course [25]; English as a foreign language classroom [26]. We
agree that STEAM s an effective novel approach that can help engineers acquire
21st-century skills because it includes all advantages of STEM and can offer even
more of them.

STEAM is chosen as a targeted approach due to numerous advantages art offers for
ESP. For example, art strengthens critical and creative thinking. Creative abilities
form an integral part of an innovative productive professional activity [27]. In addi-
tion, art allows to be focused, and reduces stress. Additional benefits of art elements
in language education were ealier described in our previous research [28]. By art, we
mean any form which can be beneficially used for ESP. Art can include performing
arts, visual arts, design works, and others. To implement STEAM in the classroom
special tasks combining science with art elements should be created and analysed.

2 Purpose

The aims of the article are:

a) To choose the approach relevant to ESP goals
b) To develop a set of tasks which can be used to implement STEAM in the class-
room.

3 Methodology

A critical examination was made of the literature related to engineering science
nowadays, analysis of ESP syllabus topics and topics of ESP course books for engi-
neers, to define common topics and develop STEAM tasks; analysing, planning and
structuring STEAM tasks. Analysis of ESP syllabus topics and topics of ESP course-
books helped to identify five topics common for different engineering specialisations.
They include: material properties, environmental and global sustainability issues,
human factors engineering, employment of engineers, engineering education.

Pedagogical experiment was conducted at Igor Sikorsky KPI. 30 chemical engi-
neers of the faculty of Chemical technology used the STEAM tasks in the ESP class-
room in spring 2019. Questionnaires were used to determine the 30 students’ attitude
to STEAM approach. Data were analyzed in the form of percentages. The returning
rate of questionnaires was 100%.

4 Results
For each chosen topic, a STEAM task that matches STEAM with language objec-

tives was prepared. They can supplement the regular coursework of engineering facul-
ties as they cover general engineering topics. Each of the task focuses on particular

6 http://www.i-jet.org



skills. For example, task 1 primarily focuses on research skills; task 2 is first of all
aimed at environmental literacy; 3 focuses on health and safety literacy; 4 encourages
students to improve collaboration skills; 5 focuses on cultural literacy.

All STEAM components are integrated into the tasks (Table 1). Science is used to
explain some scientific concepts relevant to the topic, technology is used to improve
digital skills, engineering explains the techniques used by students to complete a par-
ticular task or by scientists to create innovations, art helps to combine all STEAM
elements in a creative way, mathematics is used either for calculations, formulas,
measurements or to analyze art (Ssymmetry, geometry, proportions).

Table 1. STEAM tasks in ESP classroom

Science Technology | Engineering Art Mathematics ESP
Task 1 [Materials Using lab or  [Testing charac- |Preparing a Working with
science kitchen devices; [teristics of poster; drawing [numbers; US
mobile applica- [materials pictures; de-  |measurements;
tions scribing materi-|reading formu-
als of statues |las; saying
calculations;
laws
Task 2 [Sustaina-bility; [Robot technol- [Understanding |Making recy- |{Working with
Robotics ogies; computer|the process of |cled robots; numbers,
or mobile robot designing |visiting online formulas,
phone robot exhibition|shapes, meas-
and real muse- |urements
ums
Task 3 [Ergono-mics  [Safety technol- [Checking the |Writing a poem |[Measuring
ogies; mobile orjsafety of the workplace Developr_nen_t of
computer building safety parame- communicative,
applications ters; mounting |nt§rcuI;ura_|
heights; meas- [0 Protesston-
al competence
urements
Task 4 [Social science; [Technologies [Understanding |Performing art {Working with
different for making the process of |(drama, role- |statistics
branches of videos engineering CV |playing)
engine-ering writing and
engineering
companies
foundation
Task 5 [Education Ranking sys-  [Engineering  |Working with [Working with
tems universities, maps; describ- [indicators,
description of |ing architecture,|percentages,
exhibited art spaces shapes
campus vehi-
cles

Task 1. Material properties
Aim: Understanding material properties; materials characteristics; measurements.
Creative skills: Critical and creative thinking, imagination skills.

ESP skills: Listening, speaking, reading, writing, translating about properties of
different materials

Functional language: Researching, comparing, reasoning, analysing.

Instructions
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a) Collect and bring into the class several examples of materials. Here are some ex-
amples: metal, plastic, cotton, glass, grass, branches, corn, leaves, water, stone.

b) Put all the materials brought on the table, look at them. Work in mini-groups. Pre-
pare a list of physical and mechanical properties of the materials or adjectives de-
scribing them. Here are some examples: tough, ductile, elastic, stiff, malleable,
brittle, bumpy, slippery, stretchy. The group with the biggest number of accurate
words wins!

c) In mini-groups prepare a big poster. Use the offline dictionary mobile application
to write English explanations for the properties of the materials and draw pictures
to illustrate the properties of some of them.

d) Act out to present your poster. Students from other groups raise the hand with the
material(s) you talk about and ask questions, agree or disagree. They get a point for
the correct demonstration.

e) In groups think of the test/experiment you can do to demonstrate a property of the
material. You can do it at home or in the lab. If you experiment out of the class,
make a video commenting on all your actions in English.

f) Do you know which materials are used for famous monuments? Think of the mate-
rials The Statue of Liberty and the Motherland statue are made of and their proper-
ties. Express your ideas. Find out more information about these monuments includ-
ing numerical information, shape, compare the height of The Statue of Liberty and
the Motherland statue in Kyiv. Use the handouts given and a calculator to convert
meters to feet and inches.

Task 2. Sustainable future

Aim: Understandingenvironmental issues, robotics.

Creative skills: Critical and creative thinking, imagination skills, personal expres-
sion.

ESP skills: Listening, speaking, reading, writing aboutecological issues and new
technologies.

Functional language: Summarizing, researching, comparing, reasoning.

Instructions

a) In mini-group create a robot using recycled materials. Explain what materials you
used. How much does it take for each material to decompose? (Figure 1).
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Fig. 1. Works of students of Igor Sikorsky KPI

What is the real process of making a robot? What are the common stages? What
are the types of robots? Use the Internet to find more information about it. Prepare
short theses and retell your partner the information you got. Imagine that your recy-
cled robot is a real one. In pairs speak about its type and functions.

b) What are the ecological (or environmental) issues worldwide? Can robots help
ecology (or help the environment)? If yes, then how? What do you think of a robot
in the tree which pecks at it just like a real woodpecker to scare away destructive
bugs? Or virtual reality headset for chickens due to which they get more space and
feel happier? Visit Robotanica 2017 exhibition online site to see these and other
robots! Work in pairs and discuss your opinion about them.

¢) Work in pairs to think of an idea of a robot that can help the environment. Explain
their tasks. Each pair should choose one best idea to present to the class. The win-
ning pair is the one which gets most of the votes of the students.

d) Watch an English video about A famous robot Sofia. The robot has 72 facial emo-
tions and obtained a citizenship of Saudi Arabia. Exchange your opinion about this
robot and artificial intelligence in pairs.

e) Look at your recycled robot again! What is the problem of waste materials? Does it
influence your health? Visit a Recycled Materials Museum in your city or a web
site of a recycling program (for example, Call2Recycle). Choose one particular
item exhibited and write how it affects the environment?

Task 3. Health and safety at work

Aim: Understanding ergonomics issues.

Creative skills: Artistry, personal expression,critical and creative thinking, imagi-
nation skills.

ESP skills: Listening, speaking, reading, writing about ergonomics issues, work-
space, health, safety precautions.

Functional language: Researching, comparing, reasoning, analysing.
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Instructions

a) Look at our workplace. What can you say about its ventilation, temperature, light-
ing, cleanliness, dimensions, seating, safety? Find these norms from The Work-
place Health, Safety and Welfare Regulations handout. Choose the parameter you
can measure with the help of the formulas given. Compare the result with the
norm.

b) Work in groups to make as many words as possible from the letters in S-a-f-e-t-y
m-e-a-s-u-r-e-s. The group with the biggest number of accurate words wins!

c) Use the Workspace planner tool online which will help you to place your equip-
ment correctly to establish a proper posture and Workspace assessment tool to
evaluate your current studying conditions.

d) Work in mini-groups to write a safety poem for an engineer. Start each line with a
new letter of the phrase Safety precautions. You can include lab safety rules as
well.

e) Work in pairs. Tell your partner about the best office you have been to or the office
of your dreams. What a video Exclusive Look Inside Facebook’s Engineering Of-
fice (December 2019). What information do you find to be the most interest-
ing/inspiring/unusual? What part of the office would you most often use?

f) Interview an engineer about his favorite place in the office, working conditions,
design of the office.

Task 4. Engineering jobs

Aim: Understanding engineering career, branches of engineering, key inventions.

Creative skills: Artistry, personal expression, critical and creative thinking, imagi-
nation skills.

ESP skills: Listening, speaking, reading, writing about in-demand engineering
jobs, most successful companies, CV of an engineer.

Functional language: Researching, comparing, reasoning, analysing.

Instructions

a) What positions of engineers are most demanding in your country and abroad?
Compare your answers with the Most In-Demand Engineering Jobsfor 2019. In
your opinion which of them will be in-demand in ten years? Why do you think so?

b) Check the official site of the ABB company. Where can you find information about
engineering positions there? What career path among the suggested online would
you choose? Work in pairs. Look at the Board of Directors page. Choose one of the
executives to see his/her CV. Scan it and discuss the career growth, the structure of
the resume.

c) Find an English CV of an engineer which attracted your attention. What infor-
mation would you add or omit, discuss whether the best engineers are born or
made, the basic things for success in your opinion.

d) Do you know any successful engineering companies? What do they produce?
Google to get more ideas. In pairs think of your own engineering company; its
name and slogan. Make a video advertising your company. Show it to the bank
workers and answer their questions concerning the branch of engineering, the type
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of product you are offering; the kind of premises you need; the equipment you
need, the amount of money you would like to offer. The winner is the pairthat gets
the bank loan.

e) You are a famous engineer who wants to win the Best World Engineering Compe-
tition and get much investment for future investigations. Get a role card with the
name of the greatest engineers of all time, his/her key biography facts and inven-
tions. Remember this information, talk to each member of the group, tell about
yourself, persuade others that you deserve winning. The winner is the person who
gets the biggest number of votes in his/her support after talking.

Task 5. Engineering education

Aim: Understandingthe importance of education.

Creative skills: Artistry, personal expression,critical and creative thinking, imagi-
nation skills.

ESP skills: Listening, speaking, reading, writing university campus, inventions,
engineering education.

Functional language: Organizing data,researching, comparing, reasoning, analys-
ing.

Instructions

a) Group A: Watch the Engineering campus virtual tour of Illinois College of Engi-
neering
Group B: Watch Harvard College virtual tour
Open 3d online tour of your university. What is similar and what is different be-
tween the campuses. What art objects and spaces are described? What would you
like to change on your campus?

b) Work in mini-groups. Choose three art objects of your university (for example,
painting, architecture, exhibited technique, art space). Mark it on the e-map of your
university. Justify your choice. Deliver a short story about its significance, history,
materials or resources used, including numerical information if possible.

¢) In your mini-group prepare a 15-question quiz about famous scientists who studied
or worked in your university and their inventions. Deliver it to students from other
groups. Take the quiz of the other group and vote for the most interesting question.

d) Look at the World University rankings 2018 by subject: engineering and technolo-
gy. What are the top universities in the world/in the USA/ Canada/in Europe? What
performance indicators are included? Do you agree that engineering universities
should get a higher score for innovation and a lower for citations? Why? Would
you like to work as a lecture or scientist at your university after graduation? Why?

e) Do you know about academic mobility programs at your university? Do you have
any engineering experience abroad? Would you like to have? Work in mini-groups.
Open information in English about one of the events of The Fulbright program in
your country or ERASMUS which is accessible at the academic mobility depart-
ment of your university. In pairs discuss requirements for participants, your poten-
tial participation, pros and cons of the program.
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85% of Ukrainian students noted in the anonymous questionnaires that the ap-
proach is motivating, 83% confirmed improvement of their language skills, and 97%
agreed that the tasks foster important skills of the 21st century such as media, safety
and environmental literacy, cooperation skills and others. Noteworthy that 20 % of the
students at first felt skeptical of doing some art. Some students claimed that art activi-
ties were time-consuming. The majority of students noted that the experience was
unusual and memorable.

General observation allowed us to notice language improvement of the students of
the experimental group. They developed their digital, collaboration, creative skills,
became more engaged in the learning process.

5 Discussion

First of all, the tasks can be effective in a creative atmosphere where errors are not
emphasised, the process and cooperation are important, creativity is recognised. For
better results, scaffolding should be used to help students to become more independ-
ent. Instructions which stimulate high order thinking skills and unusual disciplinary
connections are also crucial.

In the process of development of tasks with art elements for teaching engineers, the
issue of time management becomes important. For example, at Igor Sikorsky KPI
students of all courses have only one 90-minute practical lesson per week. In Paki-
stan, 120 minutes per week. In this situation some parts can be assigned as homework.
For example, creating robot part from Task 2.

Another problem is that some future engineers are not used to doing creative tasks.
This is why teachers should explain that art is used to understand the content better
and remember it for longer. Art elements also can help to delve deeper into serious
discussions. For example, making robots from recycling materials may at first seem to
be just a joyful experience. However, when the robots are done and put in front of the
class, and the teacher stimulates the discussion of material properties, asks about the
period of decomposition, ways to reduce pollution, everybody understands that inter-
linking of art and engineering here leads to important communication practices.

The framework of the tasks comprises language (reading, speaking, writing, listen-
ing), relevant to professional goals content (for example, ecological issues in Task 2),
skills (problem-solving, critical and creative thinking, reasoning, imagination, artistry,
environmental literacy, health literacy, personal expression, collaboration, leadership
and responsibility). Thus, the offered tasks help students to develop the 21st century
skills.

One more important thing concerning the STEAM tasks is that they can reduce the
level of anxiety as they offer a lot of work in mini groups or pairs. As a result, collab-
oration skills of students can be enhanced. It is very important as most tasks in tradi-
tional Ukrainian and Pakistani engineering education are designed for individual
work.

English language is an official language in Pakistan and is considered to be main
language within institution. ESP teaching in Pakistan is still in its infancy. It is worth
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for engineering university to develop an ESP syllabus in order to solve language
teaching and language learning problems. The first step to develop ESP syllabus is to
do a need analysis (NA) of the language of the students. Need analysis relates to areas
of practicalities and constraints, teaching methods, learning strategies, and material
selections and relating to engineering students in Pakistan should be established in
order to meet the present and future needs of the students in engineering programs
[29]. According to our observations the undergraduates have difficulties with most
language skills and sub-skills. Thus, the ESP program should be changed to improve
the course.

The majority of teachers use lectures for teaching English courses in Pakistan.
Most of the students responded that teachers of English courses used Power Point
presentation for teaching. During classroom observation, the researcher found that
contrary to the data provided by the students, none of the teachers used multimedia
for teaching [30]. In this situation the tasks can be of great help as they foster multi-
media usage in the ESP classroom. It is especially important in the case of limited
educational facilities in Ukraine and Pakistan. However, most students in Ukraine and
Pakistan have unlimitied Internet access on their mobile phones which is beneficially
towards the completion of the Tasks.

All created tasks integrate a lot of native language materials specially chosen for
engineers taking into account their needs. For example, online recycling programs,
virtual tours of universities for engineers, information about mobility programs. Na-
tive materials positively influence language aquision, students get used to searching
information in foreign language and professional content of the materials. And as a
result, their media literacy increases, digital skills develop.

6 Conclusion

Current changes in the engineering caused by disciplinary collaborations and in-
creasing demand for creativity lead to the necessity of STEAM application in the ESP
classroom. For this purpose, special tasks with integrated art elements were created.
Art elements are used to engage, motivate and develop creativity. All of the tasks are
interdisciplinary, aimed at developing creative and language skills as well as other
important skills of the 21st century.

To use the tasks effectively teachers should consider time management, use scaf-
folding, stimulate creation of a creative environment and cooperation, recognise crea-
tivity and be creative themselves.

The integration of multi disciplines and art elements in education is still a new
concept in teaching but the STEAM approach requires a lot of the teachers’ prepara-
tion, experience, and creativity. STEAM can be successfully integrated into foreign
language learning if teachers consider age, foreign language proficiency level, needs,
and interests of the students, the level of their professional knowledge, their values as
well as other psychological peculiarities.
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In the future, more research must be done to better study the influence of the
STEAM approach on engineering creativity including making new interdisciplinary
links.
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