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Abstract: Demand for an engine room simulator has recently increased. Several manufacturers provide 3-dimensional animation or
computer graphic imaging for application in virtual reality technology. Furthermore, educational tool hardware are improving on a
daily basis. As educational institute researchers, we consider the planning of effective training exercises based on a simulated envi-
ronment. In addition to hardware-related issues, software-related issues also exist in educational situations. One of the major difficul-
ties associated with solving these problems is adjusting the task level according to the skill of the student, for which it must be known
if the students are in fact finding any difficulty. We therefore conducted a questionnaire survey and factor analysis to detect the latent
factors that affect the degree of difficulty, using data gathered via a questionnaire survey. Based on the findings of a questionnaire
survey, we presented the difficulty factors encountered by students in understanding an engine room piping diagram.
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1. Introduction G. Lokuketagoda, an author of this paper, highlighted the

Since implementation of the “The International Convention benefits of computer-based simulator training in areas other

on Standards of Training, Certification and Watchkeeping for than the normal engine room, where watch-keeping exercises
Seafarers, 1978” (STCW) amendment in Manila, 2010, mari-

time educational institutes and universities have numerous con-

are performed by depending on trainees’ leaning speed [1]. I.
Deguchi and Y. Emi introduced engine room simulators in-

ducted resource management exercises. Engine room simulator stalled on Japanese training ships [2][3] They mentioned that

training is an approved and preferred method of demonstrating
competence of engineer. The criteria for evaluating competence
is further strengthened by the STCW Convention regulation
1/12; thus, the demands on simulator use have increased. In
Kobe University, an engine room simulator (ERS) was installed
in 2010. At the Australian Maritime College (AMC), the Uni-
versity of Tasmania, a full mission engine room simulator was
installed in 2016. Both the institutes use these simulators for
training, according to competency requirements.

The simulators are not only used by teachers who belong to
the educational institute but also by several researchers for their
investigations. Some researchers have attempted to improve the
simulator exercise for improving students’ understanding for

engine plant.

these simulators are advantageous as they can be used as on-
board simulators for conducting training exercises utilizing a
real engine plant. Generally, the engine room equipment is in-
stalled in the simulator and various piping diagrams are dis-
played on it. Therefore, each trainee is required to understand
these piping diagrams before taking the exercise. In the present
study, we focus on the difficulty of interpreting the piping dia-
grams during an engine room simulation and investigate the
potential common difficulties faced by students when trying to
understand the diagrams.

2. Application of ERS to educational situations

2.1 Simulator exercise

Educational institutes conduct engine room resource man-
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agement (ERM) exercises for seafarers. To perform these exer-
cises, the trainees have to obtain suitable knowledge and skills
for operating the engine plant and its machinery. In Kobe Uni-
versity, students belonging to the 2nd and 3rd year attend class-
room lessons and perform practice exercises for improving their
knowledge and skills regarding basic engine plant and machin-
ery operation. Furthermore, they attend ERM training when
they reach 4th year. Figure 1 depicts a simulator exercise scene
at the Kobe university. After first discussing with one another,
they start the pumps and operate the valves to start the main
engine; the students seen in the picture are 2nd year undergrad-

uates.

Figure 1: Exercise for understanding machine operation

Most students may feel bored when the task is too easy,
whereas, when a task is too difficult, they may even stop trying
to solve it altogether, both of which will hamper the student’s
motivation. This natural human behavior was highlighted by A.
Stuiver et al. as the ceiling effect [4] of biological response.

In simulator exercises, setting of the difficulty level is im-
portant for an effective training session; particularly if the stu-
dent is not a qualified marine engineer. At the basic level, the
knowledge and skills of the trainee concerning the engine plant
may not be sufficient to solve the task, which is required by the

competence requirements of the STCW convention.

2.2 Cognitive categories at engine room simulator exer-
cise

The purpose of ERS exercises is predominantly to manage the
machinery plant system and operate them effectively and safely.
The educational goal of these ERS exercises must enable the
trainees to identify the cognitive tasks using Bloom's taxonomy
[5], defined as the process and knowledge dimensions. The cogni-
tive process is categorized as follows: remember, understand,
apply, analyze, evaluate, and create. The knowledge dimension is
split into four categories: factual, conceptual, procedural, and
meta-cognitive knowledge.

As these keywords are used in the operational level of compe-
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tency (STCW, TableA-lll/1), it is necessary for the students to
obtain factual knowledge of machinery, piping systems, diagram
symbols, and knowledge for reading diagrams. During the ERS
exercises, trainees employ their knowledge and skills by remem-
bering and understanding. Furthermore, at the start of the engine
operation, trainees are expected to know the energy flow in the
piping system, operational procedure, and machinery operations
as procedural knowledge. This procedural knowledge is applied
by the trainee for correct and safe machinery operation. Finally, at
the management competency level (STCW, TableA-111/2), the
knowledge of conceptual relations between the engine and run-
ning environment, including voyage schedule and weather and
sea conditions, are used for analysis and evaluation.

Therefore, pipe diagram reading requires remembering and un-
derstanding of factual knowledge. These procedures are consid-

ered basic knowledge in marine engine plant practices.

3. Questionnaire for understanding student
difficulty

There is a difference in knowledge and skill level between a
student and experienced engineer. In addition, each year grade
student knowledge level does not equal that of past student
too. Unfortunately, the hardware component of the engine
room simulator is difficult to customize for each trainee level
after it is installed.

In the existing engine room simulator, engine room equip-
ment is illustrated as a piping diagram on large liquid crystal
displays. During the student exercises, the authors often noted
that some students were only observing their friend's opera-
tions. It may be that they are not good at tracing pipelines or
searching for pipe connections; this especially applies to uni-
versity students without sufficient sea experience. Further-
more, it is difficult to effectively solve problems in the engine
room simulator environment if they do not have high motiva-
tion.

We conducted a research questionnaire concerning reading
difficulty in students’ piping diagram understanding.

The questionnaire consisted of 34 questions, created by the
authors based on training ship instructor experience. The
questionnaire is presented in Table 1.

The first part of the questionnaire concerns line drawings,
the middle part of the questionnaire concerns questions for
figures or expressions, and the final part of the questionnaire

concerns subjective opinions, which depend on the partici-
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pant's experience of reading piping diagrams.

For each question, the participant records 1 to 5; 1 means “do
not agree at all,” 3 is “either,” 5 is “completely agree.”

Prior to this survey, we obtained informed consent from the
participants to protect their personal information.

Table 1: Question list (the original list was written in Japanese)

Q1 Seeing fine lines makes it harder to readings.

Q2 Lines that cross are harder to interpret.

Q3 Multiple lines cause greater confusion.

Q4 | am bored by longer lines.

Q5 Familiarization of illustrations is important.

Q6 | may hate messages in English.

Q7 Figures and real things may differ.

Q8 I find illustrations more familiar than a line.

Q9 Humanities students may find this harder than science students.
Q10 I may hate mechanical image.

Q11 Bright image colors facilitates reading.

Q12 Familiarization of figures is important.

Q13 Time-consuming reading is problematic.

Q14 Dark coloring/images affects reading motivation.

Q15 Reading abstract images is more difficult than reading clearly defined images.
Q16 Different colors/monochrome affect difficulty.

Q17 Image size affects difficulty.

Q18 Fine illustration makes reading more difficult.

Q19 Computer drawings are harder to understand than hand drawings.
Q20 More illustrations are harder to understand.

Q21 Simple illustrations are easier to read.

Q22 Clear/simple expressions facilitates readin.

Q23 Visibility affects reading difficulty.

Q24 Figure discrimination affects reading difficulty.

Q25 ltis difficult to read drawings of important machinery.

Q26 It is difficult to read figures which include a lot of information.
Q27 1 do not like being confused when following the lines.

Q28 | may hate expressions when seeing them for the first time.

Q29 I find it harder to study by myself.

Q30 1 can overcome difficulty if I feel it is required in the future.

Q31 If I am enjoying a task, | don't find it difficulty.

Q32 If a task is fun or interesting, | don't find it difficult.

Q33 If the obtained diagram knowledge is useful, | may find the activity fun.
Q34 If the illustrations/lines are convoluted, | don't find the activity fun.

4, Result and discussion

We conducted the questionnaire survey involving students
who had previously attended the engine room simulator exer-
cise. Table 2 list the participant affiliation and their year in the
university.

There is a difference in the knowledge level between school
year grades. These differences in knowledge affect the variation
in difficulty perception. If we could adjust the cause factor con-
dition, we could successfully change the ERS training difficulty

level.

Table 2: Participant affiliation

Participant affiliation and years N (%)
Graduate 1st year 24 (22.5)
= Marine engineer dthyear | 16 (14.4)
= ;
5 |Under | lcense course 3rdyear | 38 (34.2)
£ |graduate
Mechatronics course
(not license course) | rdvear | 32(28.9)
Engineer 6

4.1 Questionnaire results

The question answers follow a typical tendency and hence we
focused on the following data for discussion of difficulty. The
answers of four engineers who are employed by the training
ship of Kobe University, and two doctoral students of maritime
sciences, were compared with those of an undergraduate stu-
dent, and the student tendencies were analyzed.

4.1.1 Question 4
Q4 is “l am bored by tracing longer lines.” We theorized that
this question would demonstrate the student's experience of

reading piping diagrams in the past.

All agree 0%
Agree 0%

Not agree at all 1%
Not agree

(b) Student all
Figure 2: answer of Q4

(a) Engineer

The results demonstrate that half of the students had a nega-
tive experience in the past. In fact, all the participants had one
to three months of sea experience as trainees. Specifically, most
4th year students had attended a piping system survey on a

training ship.

4.1.2 Question 5

This question was planned to remove the priority of illustra-
tion quality. Ilustration familiarization is different between
people and may depend on personal competence. However,

most students need illustration, which facilitates familiarization.
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If a student has a chance of seeing something several times,
their understanding of some things may increase.

Q5 is “Familiarization of illustration is important.” This an-
swer seems related to the former session, regarding answers to
Q4; as seen in Figure 3, students had a positive impression
regarding illustrations and they may want to improve their illus-
tration understanding.

All agree 0% Not agree at all 3%
Not agree

Not agree at all

(a) Engineer

(b) Student all
Figure 3: answer of Q5

All agree 0%

Not agree atall Agree 0% Not agree atall 5%

Either
50%

Engineer
=6

(b) Student all

(a) Engineer

Figure 4: answer of Q6

Not agree at all 0%

All agree 0%
’ Not agree

Not agree at all
0%

Agree
33%

Engineer Student all
N=6 N=110
ﬁ Agree 43%

(a) Engineer

(b) Student all
Figure 5: answer of Q8

4.1.3 Question 6

Q6 is “I may hate message in English.” This result may
demonstrate the mind of a typical student. It appears that Japa-
nese students are not good at understanding foreign languages;

Masumi Nakamura + Makoto Uchida *

Takashi Miwa

in general, they are reticent about speaking English in their
daily life.

4.1.4 Question 8

Q8 is “I find illustrations more familiar than a line.” We as-
sume there is a relation between this and Q4/Q5. We predicted
that some negative experience may later result in the student
changing preference.

Adjusting the space ratio between the illustration and pipings
may be effective for improving the motivation of the students in
understanding piping diagrams.

4.1.5 Question 10

Q10 is “I may hate mechanical image.” This question is tar-
geted to confirm the participant’s confidence level as a marine
engineer; e.g., the students may want to be engineers but may
not necessarily say "l like mechanical things". One reason for
this may be that they are shy or reluctant to express their inter-
est. It may be difficult for a questionnaire to reflect the real
thinking patterns of the participants.

The participants belong to the marine engineering division in
Kobe University. This result demonstrates that the students

either lost their engineering motivation or answered incorrectly.

All agree 0%

Agree 0%  Not agree at all

Not agree at all

Engineer Student all

N=6

(a) Engineer

(b) Student all
Figure 6: answer of Q10

4.2 ldentification of latent factors

We attempted to identify the latent factors in piping diagram
reading difficulty via the students’ questionnaire answers.

4.2.1 Correlation between questionnaire items

We analyzed the student’s questionnaire answers to determine
a correlation between each questionnaire item. We expected to
identify the latent factors in the students’ piping diagram read-
ing difficulty.
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Table 3: correlation between questions each other

questions | correlation key words of questionnaire

Q1-Q2 0.626 fine line - crossing line

Q1-Q3 0.556 fine line - many lines

Q2-Q3 0.498 crossing line - many lines

Q2-Q4 0.428 crossing line - longer lines

Q3-Q4 0.444 many line - longer lines

hate mechanical image

Q10- Q25 0.442 — important machineries

Q11-Q14 0.431 bright image coloring - dark coloring

familiarization easy

- simple illustrations
familiarization easy

— confusing under wire following

Q12-Q21 | o0.401

Q12-Q27 | 0.449

Q14 - Q19 0.409 dark coloring - computer drawing

fine illustrations

— many figure or illustrations
fine illustrations

- many informations
simple illustrations

- discrimination easy

simple expressions
Q22-Q24 | 0571 - discrimination easy

visivility beauty
0.438 — discrimination easy

Q18-Q20 | o0.401

Q18-Q26 | 0.447

Q21-Q24 | 0429

Q23-Q24

Q31-Q33 0.467 like it - useful it

interesting it - useful it

Q32-Q33 | 0578

Table 3 shows a pair of questions that were calculated as
having a high correlation. There were 17 items in the question-
naire that had a relation score greater than 0.4.

In Table 3, it can be seen the question pairs or ranges near
the order number items illustrate a high correlation tendency.
This questionnaire list consists of 3 parts; the first, middle, and
end. There is a correlation between the items listed next to each
other and also between other individual items, e.g., Q10 — Q25,
Q12 - Q21, and Q12 - Q27. These cases illustrate that answer
tendency is similar with each item. For example, the correlation
of Q10 - Q25 suggests that a student who has a negative im-
pression of mechanical images is not good at understanding
important machinery diagrams. The correlation of Q12 - Q27
suggests that students resent locating a pipeline via familiariza-
tion or reading illustrations. These relations imply that there is a

causal relationship between each answer.

4.2.2 Factor analysis

In the previous section, the correlation was confirmed be-
tween questions in different fields and we investigated their
common factors. We obtained the common factors via factor
analysis, based on the response of the student subjects, using
the statistical analysis software IBM, SPSS Statistic19.
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Figure 7: factor loading for each factor

Table 4: contribution of factor (questionnaire group)

factor|  questionnaire \e,'a o gﬂﬂgh factor summary
1 | Q2,Q1,Q8 Q4 6.05 | 17.78 | condition of line on piping diagram
2 Q33,Q32,Q31,Q30 | 3.02 8.89 | motivation by trainee
3 Q22,Q24,Q23,Q21 | 2.18 6.41 | impression of figure outline
4 Q14, Q11, Q20 2.07 6.10 | impression on figure brightness
5 Q17,Q18,Q26,Q16 | 1.67 491 | characteristic of figure
6 Q34,Q29,Q13,Q15| 1.58 4.65 | workload for diagram reading
7 Q12 1.47 4.33 | familiarization easy
8 Q.27,Q28 1.33 3.92 | mental load by first time seeing
9 Q25,Q10 1.28 3.76 | cognition for mechanical thinking
10 | Q5,Q8,Q19 1.17 3.45 | figure friendliness
11 Q9 1.12 3.28 | cognition of as scientists
12 Q6, Q7 1.02 2.99 | differences of situation

“Principal factor analysis” is used as the factor extraction
method and the "varimax method” for rotation; the factor load
for one factor is maximized by this method. Each factor’s load-
ing for the questions are shown in Figure 7-(a) to 7-(f). The
questions with a large factor loading are summarized in Table
4.

As a result of the analysis, 12 common factors were detected.

The cumulative contribution ratio of these factors is 70.4 %.
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Factor scores were calculated for each student and a summary
of each is shown in Figure 8.

Except for factors 4, 7, and 11, the factor score was positive
at the median of the data. It can be seen that the drawing condi-
tion (factor 1) and the motivation for the piping diagram (factor
2) affect the difficulty of reading the diagram. Factor analysis
was used to effectively illustrate the necessity for reading pip-

ing diagrams, in addition to drawing and drawing techniques.

factor score

|
1 2 3 4 5 6 7 8 9 10 11 12

factor No.

Figure 8: summary of factor score

In the case of students who did not have sufficient opportuni-
ty to gain operational knowledge, the main factor in their lower
understanding level may not relate to ability. This factor can
potentially solve the problem by allowing further knowledge to
be obtained, along with the assumption that solving the problem
is not difficult. Increasing the number of lessons or exercises or
extending class time may solve these problems.

For students who have no work experience at sea, knowing
the engineer's job details, which relates to reading piping dia-
grams, is one way of increasing their motivation to study. For
example, an active duty or retired marine engineer conducting
the classroom lesson may be effective in maintaining or increas-
ing reading motivation.

Regarding the drawing condition, factor 1 consisted of line
fineness, line crossing, number of lines, and line length. Kobe
university’s simulator gathers the many pieces of machinery
which comprise an engine plant, and the connecting piping, and
displays it on a screen. We propose that factor 1 is caused by
this present display method and that the difficulty degree can be
adjusted by altering the number of devices or limiting the num-
ber of piping lines and length, according to trainees' ability.

In the case of an existing ERS, in which it is difficult to
change the drawing condition by altering the hardware compo-

nents, it may be possible to adjust the difficulty level via the
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software. When the instructor gives the pipe reading task, we
propose that it may be possible to adjust the difficulty by in-
creasing or decreasing the number of pipe routes related to the
task.

For example, in the case where the lubricating oil cooler
temperature control valve is defective, it is sufficient to only
read the lubricating oil path to solve the excessive increase in
lubricating oil temperature at the inlet of the main engine.
Moreover, in the case of the lubricating oil cooler being insuffi-
ciently cooled, two paths require reading owing to the relation-
ship between the lubricating oil path and cooling seawater path
at the heat exchanger. We propose that the degree of difficulty
can be adjusted by setting the software condition.

5. Conclusion

For planning an effective education system using an engine
room simulator, the instructor should set the simulator difficulty
based on the trainee’s skill. Therefore, the instructor is required
to first understand the abilities of the students for selecting the
difficulty level.

The watch-keeping task, in which the student is expected to
deliver an efficient performance, was not the only technically
difficult exercise. There may be other difficulties faced by the
student, depending on his background; e.g., difficulty in under-
standing the messages, which entirely depends on his ability to
understand a foreign language and is not a simulator-related
problem.

As an educational method, giving a successful experience to
students is effective in improving their study motivation. If a
student has had a negative experience whilst sea training, a
well-planned simulator training improves the training success;
this experience, in turn, may improve their motivation.

The requirements for the simulator are simple. The instructor
and the student must correctly respond assuming the simulator
as a real marine engine plant. The Russian educational re-
searcher L. S. \Wgotsky expressed the student developmental
process [6]; in his method, he used a potential level of devel-
opment, which is set by adult guidance or a capable partner
assisting the trainee. In conclusion, we believe the engine room
simulator will be an educational tool for effective guidance or
collaboration in the domain of problem-solving.

In the present, the participants included not only students
who want to be marine engineers but also those who aim to be
power plant engineers or a part of the onshore manufacturing
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industry or; we propose that this simulator can respond appro-
priately to the requirements of each participant. We will contin-
ue collecting research results, which will be further analyzed to

meet the needs of engine room simulator users.
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