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INTRODUCTION

In civil engineering education, structural mechanics is a very important part of the
studies. Students should understand how structures work before they can design them
or calculate their dimensions. Most of the students can do the mechanic calculations
but they do not really understand the phenomena.

In structural mechanics, many students try to pass the courses doing as little as
possible. Often this means that their exercise solutions have very few visible steps and
nothing is written down unless it is absolutely necessary for the reader. Unfortunately,
this happens even if it was necessary to write something down in order to someone
else to understand the solution process. Many students learn only to imitate similar
exercises and do not actually understand what they are doing.

This study was conducted by a teacher developing his own work and it is a part of a
broader research on the subject. The aim of the study is to develop the teaching in
structural engineering so that students would learn by understanding. It is important
that they actually understand the physical concepts and procedures, which are central
from the point of view of structural engineering.
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The method chosen was languaging, which has given promising results in
mathematics education. [1, 2, 3]. Languaging forces students away from minimalistic
expression and makes them show what is done and why. In the process students
hopefully learn to understand what really happens in the exercises.

1 THEORETICAL FRAMEWORK
1.1 Concepts

In this study, natural language means national languages which usually are students’
native languages for example English or Finnish. In this study students had to use
Finnish when they did their languaging exercises. Symbolic mathematical language
means markings typical to mathematics or mechanics which are unique and logical.
Pictorial language means using pictures instead of letters or symbols. Tactile functional
language means that one can use for example hands on materials. [4].

1.2 Languaging

In this study, languaging means expressing one’s thinking in writing or orally. Students
are guided to organize and explain their answers and describe solution processes in
their own words or pictures, which is especially important with scientific concepts.
When a student has to make meaning of concepts, his/her understanding of the matter
increases. Languaging can be utilized in oral situations and written exercises. When a
student expresses to others for example the meaning of a concept, he/she has to
ponder its main characters and reflect, analyse and improve his/her thinking. This
practice allows the teacher to evaluate how students think. This can be helpful for the
teacher in pedagogical planning since problematic issues are easier to see. This has
been the early application of languaging: to see how someone is thinking so mistakes
can be corrected. Now it is seen as a method to learn: one has to structure the issue
to oneself before one can explain it to others. [1, 4, 5, 6, 7, 8, 9].

Fig. 1. Expressing mathematical thinking with four languages. [4].
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Fig. 2. Three types of mathematical thinking in languaging. [2].

Normally only symbolic mathematical language is used when solving mathematical
exercises. In languaging, natural, pictorial and tactile functional languages can also be
used to express mathematical thinking as shown in Figure 1. Earlier these languages
were seen more consecutive steps. First a child starts to use tactile functional
language, then natural language and pictorial language. And finally learns to use
symbolic languages. Instead of switching to more advanced language all of these
languages can be used simultaneously to improve one’s understanding of issues. In
this study, the use of languages was for practical reasons limited to these three
overlapping languages as presented in Figure 2. [2, 4, 8, 9]

There are five basic languaging models for written problem solutions: 1) Standard -
model, where only symbolic language is used. 2) Storytelling -model, where
natural/pictorial and symbolic language take turns. 3) Roadmap -model, where
natural/pictorial language is used first to explain all the steps and to explain the answer
in the end. 4) Comment -model, where symbolic and natural/pictorial language exist
side by side in two columns. 5) Diary -model, where natural/pictorial language is used
when needed. These models are presented graphically in Figure 3 where SML (blue
colour) means symbolic mathematical language, NL (yellow colour) means natural
language and PL (also yellow colour) means pictorial language. [1, 2, 7, 10].

Standard -model

"Storytelling” -model '
NL/PL

"Roadmap”-model

"Comment” -model

"Diary” —model:
E - Use when you
need
NL/PL

Fig. 3. Five basic languaging models. Blue colour indicates symbolic mathematical
language and yellow colour indicates natural or pictorial language [2].

NL/PL
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Previous studies have conducted teaching experiments using different types of
exercises that require the use of languaging in the solution. Here are eight examples
of the types of exercises that require the use of languaging. 1) In “code-switching” the
solution to a problem is presented in symbolic mathematical language and the student
has to explain in natural/pictorial language what has been done in the solution or vice
versa. 2) In “adding missing parts” there are parts missing from the solution and the
student has to complete it. 3) In “from a solution to a word problem* the student has to
construct a proper question to the problem he/she has the answer to. 4) In “seeking
errors” the student has to find errors in a solved problem. 5) In “argumentation of the
solution” the student has to explain a ready or self-made solution using different
languages. 6) In “data filtering” the student has to find relevant things from the question
which includes useless information. 7) In “explaining in your own words” the student
has to explain something without using symbolic mathematical language. 8) In
“organizing” the student has to put given parts of a solution to a logical order. [1, 2, 7,
10].

Koska kaikkien pilarien 4 :
alapdissa on plastisen M ,’ |

momentin verran /, I
taivutusmomenttia niiden /. % Y
vasemmalla puolella Av STy, BTN 7 '//

(plastinen nivel), /1 X me 7+ N /

nahdaan, ettd rakenne [/ \/

kaatuu oikealle pain.

(/1 /
/i / ,
/ / | /
/ / /
Plastisia  nivelida  on / // \
kohdissa 1, 4, 7, 8, 9 ja / [ 4 10/ ;- %)
) . L4 “He L- dia
10 kuvan 1 mukaisesti. - /‘~f‘ ¥ “hp
Kielentimis- Selitd omin sanoin mahdollisimman kattavasti miti voit péitelld
tehtévi 3 alla olevasta momenttikuviosta. Voit halutessasi kiyttid myds kuvia Kuva 1: taivutusmomenttikuvio rajakuormalla

selitystesi tukena. Plastisia nivelid ei ole kuitenkaan viela tarpeeksi, jotta rakenne sortuisi, silla nurkkapala 1-
2-4 pitaa rakennetta pilarin 5-7 kanssa pystyssa (kuva2), joten tassa osassa on pakko olla
jokin ylimaarainen nivel. Kuvasta voidaan paatelld, etta sen on pakko olla tavallinen nivel

pisteessa 2, koska siina ei ole taivutusmomenttia

Eri palkeilla olevien suurimpien plastisten momenttien perusteella

voidaan padtelld, etta palkkien 6-9 ja 9-10 plastinen momentti on &
2 Mp, ja muiden 1 Mp .
Koska rakenteeseen on syntynyt 6 plastista niveltd, on se
alunperin ollut viidesti staattisesti maaraamaton. Voidaan paatella,
ettd jokainen pystypilari on alapaastaan jaykasti tuettu, jolloin
rakenteessa on 9 tukireaktiota. Se on silloin kuudesti staattisesti
7(

maaraamaton. Mutta rakenteen nivel pisteessa 2 vahentaa 10
hyperstaattisuuden kertalukua yhdella, joten rakenne on alunperin
viidesti staattisesti maaraamaton.

Kuva 2: staattisesti
maéaratty osa 1-2-4-7

Taivutusmomenttikuvion laskemiseen vaaditaan taivutusmomenttitieto  yhdeksasta
pisteestd. Rakenne on viidesti staattisesti maaraamaton. Talléin alkeismekanismien
lukumaaraksi saadaan

m=s-ns=9-5=4

Koska rakenne kaatuu oikealle, on siina oltava jokin oikealle vaikuttava voima. Voiman on
kohdistuttava johonkin vaakasuoraan palkkiin, koska pystysuorissa palkeissa ei nay
"kérkea" taivutusmomenttikuviossa. Vaakasuorissa palkeissa sen sijaan nakyy karjet
keskella palkkeja, joten niihin on kohdistuttava pystysuora voima (alaspain) kohtiin 3 ja 8

Fig. 4. An example of a languaging exercise where the student has to explain what
can be deduced from the given picture.

An example of a languaging exercise is shown in Figure 4. In the left column is the
assignment and in the right column is an answer made by a student. The assignment
was to explain what can be deduced from the given bending-moment diagram. The
student has explained for example where the plastic hinges are, why there has to be a
regular hinge and where it is and where point loads must be.

In Finland, languaging has been studied in teaching mathematics both at the upper
secondary school and the university level. The results of these studies have been very
encouraging. Students have mainly given very positive feedback and found languaging
to be a useful, though arduous, method. [1, 2, 3]. The good results in mathematics
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suggest that languaging as a method also suits structural mechanics, as it is a
mathematical field.

1.3 Objectives on the course

The course, where the study was conducted, was Theory of Plasticity. It is the students’
fourth course in structural mechanics. For students studying civil engineering it is
compulsory for those who wish to orientate towards structural engineering. To other
participants it is voluntary. The main subject in the course was theory of plasticity and
its uses in different situations. Students should learn to understand what the difference
between elastic and plastic behaviour is and how to use plasticity in calculations. [11,
12].

2 RESEARCH QUESTION, DATA AND METHODS
2.1 Research question

The research task was to develop and try out new kinds of exercises in structural
mechanics and the research question was how students experience these exercises.
The main point was to map out students’ opinions and develop exercises together with
the students.

2.2 Data

The data was gathered in Tampere University of Technology in the fall of 2015 during
regular teaching of structural mechanics. There were 58 students starting the course
and 41 of them did at least one of the new exercises and filled out a questionnaire at
the end of the course. The gathered data is identifiable.

There were 6 languaging exercises on the course. They were made so that students
were guided to use languaging with the comment -model, where symbolic and
natural/pictorial languages exist side by side in two columns. Most of the exercises
were combinations of the types presented earlier.

2.3 Methods

In the end-of-course questionnaire, there were 32 Likert scaled and 2 open questions
mapping thoughts and attitudes towards languaging, 8 Likert scaled and one open
guestion mapping attitudes towards specific types of languaging exercises and 6 Likert
scaled and 1 open question mapping attitudes towards the languaging exercises used
on the course. There were also other questions related to other things on the course
in the questionnaire.

Open questions were processed with qualitative content analysis and typical
guantitative methods were used for the questionnaires.

3 RESULTS

3.1 Students’ experiences of the languaging

The students’ attitudes towards languaging were mapped with 32 Likert scaled
guestions. The word languaging was not used in all of the questions but the ideas were
expressed verbally. From those questions 13 were selected to show the main ideas.
These results are shown in Figure 5 and Table 1.
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Students' views on languaging

1. | gladly use natural language as a support
when | solve an exercise in mechanics. (N=42)

2. It is easier to understand an exercise in
mechanics if natural language is used to explain
what has been done. (N=42)

3. When | solve an exercise in mechanics, | do
the thinking only in my head and write down
only what is crucial. (N=40)

4. Writing verbally helps me to understand the
exercise better. (N=42)

5. Using natural language makes it easier to
process demanding concepts. (N=42)

6. Using natural language makes it easier to
understand demanding concepts. (N=41)

7. | experienced success with languaging
exercises on the course. (N=42)

8. | found languaging exercises on the course to
be inspiring. (N=42)

9. Languaging exercises did not improve my
competence in mechanical calculation. (N=42)

10. Languaging exercises improved my
understanding of issues and concepts. (N=42)

11. It is easier for a teacher to review an
exercise where natural language and
commenting are used... (N=42)
12. | believe my learning results have improved
on this course because of the langaugung
exercises. (N=42)

13. The diverse exercises have aided my
learning. (N=42)

0% 20% 40 % 60 % 80 % 100 %

m Strongly disagree=0  m Disagree=1 = Agree=2 Strongly agree =3

Fig 5. Students’ views on languaging

As seen in Figure 5 and Table 1 the results are encouraging. For example, over 90 %
of the participants agreed or strongly agreed that it is easier to understand a solution
to an exercise when natural language is used side by side with symbolic language.
Over 70 % of the participants agreed or strongly agreed that languaging exercises
promoted their understanding of issues and concepts. Over 85 % of the participants
agreed or strongly agreed that diversification of the exercises has supported their
learning. Over 50 % of the participants agreed or strongly agreed that their learning
results improved on the course because of the languaging exercises.



44t SEF| Conference, 12-15 September 2016, Tampere, Finland

Table 1. Students’ views on languaging

Proposition Agreed (%) Average Standard deviation
1. 83,3 2,0 0,7
2. 90,5 2,6 0,7
3. 50,0 1,4 0,8
4, 81,0 2,0 0,7
5. 92,9 2,4 0,6
6. 97,6 25 0,5
7. 47,6 1,4 0,8
8. 39,0 1,4 0,8
9. 42,9 1,3 0,9
10. 71,4 1,8 0,8
11. 95,0 25 0,6
12. 52,4 1,6 0,8
13. 85,7 2,1 0,6

3.2 Students’ views on usefulness of different types of languaging exercises

The students’ attitudes towards eight different types of languaging exercises were
mapped with Likert scaled questions. The students were emphasized that these are
just general types of exercises, no direct match can be found to the exercises on the
course. The students had to give their opinion on two different things: how useful the
exercise type is to subject’s mechanical learning and how useful the exercise type is
to understanding the subject. The eight types of languaging exercises were explained
as in Table 2.

Table 2. Types of languaging exercises

T Code-switching: so called translation between different fields of mathematical languages so that the
) essential content does not change. For example from a formula or a picture to natural language.

T2. Adding missing parts: Completing essential parts to an existing solution.

T3. Seeking errors: finding errors in a given solution.

T4 From a solution to a word problem: deducing from the answer what was asked i.e. assignment that the
) solution fits to.

T5 Argumentation of the solution: explaining a ready or self-made solution using different mathematical
) languages.

T6. Data filtering: finding essential things for a solution from the assignment.

T7. Explaining in your own words: explaining something without using symbolic mathematical language.

T8. Organizing: putting given parts of a solution to a logical order.

The results are in Table 3, depending on the question 40—42 students answered. The
usefulness of the exercise types to understanding was particularly interesting in the
scope of this study. All but one type were thought to be very useful or somewhat useful
by over 70 % of the participants. For example over 95 % of the participants thought
that the code-switching languaging exercise is somewhat useful or very useful to
understanding the issue.
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Table 3. Usefulness of the languaging exercises

Usefulness to subject’s mechanical learning Usefulness to subject’s understanding
Exercise Useful (%) | Average Sta’.‘d‘?“d Exercise Useful (%) | Average Sta’?d‘?‘rd
type deviation type deviation
T1. (N=40) 77,5 1,9 0,7 T1. (N=41) 95,1 2,4 0,6
T2. (N=40) 80,0 2,1 0,8 T2. (N=41) 78,0 2,0 0,7
T3. (N=41) 36,6 1,3 0,9 T3. (N=42) 40,5 1,3 1,0
T4. (N=41) 43,9 14 0,9 T4. (N=42) 73,8 1,9 0,9
T5. (N=40) 80,0 2,1 0,9 T5. (N=41) 87,8 2,3 0,8
T6. (N=41) 58,5 1,7 0,9 T6. (N=42) 85,7 2,1 0,8
T7. (N=40) 72,5 1,9 0,8 T7. (N=41) 90,2 2,4 0,8
T8. (N=40) 77,5 2,1 0,8 T8. (N=41) 82,9 2,1 0,7

3.3 Languaging in exercises

In this study there were 6 languaging exercises. The exercises were made so that the
students were guided to use languaging with comment model. Most of them were
combinations of the types presented in the section 1.2 Languaging. The first one was
a combination of “code-switching”, “adding missing parts”, “from a solution to a word
problem® and “argumentation of the solution”. The second one was a combination of
“code-switching”, “adding missing parts”, “seeking errors” and “argumentation of the
solution”. The third one was a “code-switching” exercise with pictorial language. The
fourth one was a combination of “code-switching”, “adding missing parts”,
“argumentation of the solution” and “organizing”. The fifth one was a “data filtering”
exercise. The sixth one was a combination of “code-switching” and “argumentation of

the solution”.
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Fig. 6. First languaging exercise on the course. The students had to complete the
picture and calculations and explain what has been done.
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The students returned all together 219 solutions to languaging exercises. In Figures 6
and 8 are two examples of a solution to a languaging exercise made by a student.
Solutions are shown in two paragraphs to save space.

Figure 6 is an example of a solution to the first languaging exercise on the course. It
was a combination of “code-switching”, “adding missing parts”, “from a solution to a
word problem® and “argumentation of the solution”. The parts that were already in the
paper given to the students are black and the markings of the student are grey. As
seen from the example, the students had to complete the picture and some parts of
the calculations as well as give verbal explanation on the right side of the paper. They
had to compose a proper assignment to the solution which is marked E) in the given
example. They also had to compose a proper answer to the assignment which is
marked C) in the given example. The given solution is to calculate the plastic limit load
of the given truss.

% Usefulness of the first languaging exercise (N=38)
100

90

B Mechanical learning ~ ® Understanding the issue
80

70

60

50

40

30

20

10

Completely fruitless = 0 Somewhat fruitless=1 Somewhat useful = 2 Very useful =3

Fig. 7. Usefulness of the first languaging exercise on the course.

Figure 7 shows how useful the students found this first languaging exercise.
Usefulness is divided into two parts: how useful it was to mechanical learning of the
subject and how useful it was to understanding of the subject. 44 students returned a
solution to this exercise and 38 students answered to the question in the Figure 7. On
the question “How useful it was to mechanical learning of the subject” average of the
answers was 2,1 and the standard deviation 0,6. On the question “How useful it was
to understanding of the subject” average of the answers was 2,3 and the standard
deviation 0,6.
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Kielentdmis- Alla on tehtivénanto ja siihen liittyvi graafinen ratkaisu. Selvité

tehtiivi 6 omin sanoin hyvin selkeiisti, miten ratkaisussa kiytetty kuva on saa-
tu aikaan ja miten ratkaisu on saatu kuvasta. Halutessasi voit laskea
annetusta kuvasta ratkaisun omalla tavallasi. Muista my®ds siini ta-
pauksessa selvittiid miten ratkaisu on kuvasta saatu.

Keskeinen pistekuorma F vaikuttaa jéykin leimasimen vilitykselld
kokoonpuristumattomaan ideaaliplastiseen alustaan, jonka leikka-
usmydtdraja 1,,= k. Leimasimen leveys on b. Méiritd mydtokuor-
man alaraja F kiyttien kuvan mukaista symmetristd jannitystila-
kentin vydshykejakoa, kun o= 20°.

?
|
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F=h-z~(k+k-cos.20 +—W
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Fig. 8. Last languaging exercise on the course. The students had to explain how the
solution picture was constructed and how to get the actual answer from it.

Figure 8 gives an example of a solution to the last languaging exercise on the course.
It was a combination of “code-switching” and “argumentation of the solution”. The parts
that were already in the paper given to the students are the black, blue and red
markings in the top part of the left paragraph. The rest of the markings were made by
the student, partly with a computer program. The students were given an assignment
and a graphical solution to it. They had to explain how the solution was constructed
and how the actual answer was derived from this picture. In the given assignment and
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its solution, a rigid item is pressed against incompressible ideally plastic ground and a
lower limit to the load is calculated using Mohr circles. The student has explained step
by step how Mohr circles are drawn and used pictures to clarify it. Then the student
has shown how to get an exact answer from the picture.

%  Usefulness of the last languaging exercise (N=38)
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Fig. 9. Usefulness of the last languaging exercise on the course.

Figure 9 shows how useful the students found this last languaging exercise.
Usefulness is divided into two parts as before. 24 students returned a solution to this
exercise and 38 students answered to the question in the Figure 9. On the question
“How useful it was to mechanical learning of the subject” average of the answers was
2,0 and the standard deviation was 0,8. On the question “How useful it was to
understanding of the subject” average of the answers was 2,3 and the standard
deviation was 0,7.

All of the languaging exercises on the course were thought an average to be useful
both in mechanical learning and in understanding the issue, since all had an average
over 1,5.

3.4 Students’ opinions on languaging expressed in open questions

There were four open questions regarding languaging in the questionnaire. All but one
student answered the two general questions about languaging and around half
answered the two specific questions about languaging exercise types and languaging
exercises on the course. A few clear, often mentioned points arose from these
answers. In general, languaging was thought to be a good and useful method which
increases understanding. Many of the students were planning on using it in their
coming assignments as it helps them not only to understand the issue better but also
to revise easier. Some students also reported that they have already used languaging
voluntarily even before this course i.e. written down verbal phases to clarify their
solution. No one actually reported that there would be any harm in writing down more
phases in the solution. Though it was thought to be useful it was also seen as a very
arduous method. This is the main reason preventing many students from using it when
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it's not required. Some students said that some of the exercises were so challenging
that they were not able to even get started. Most of them thought that this is due to
languaging being a new method and that they had not had any practise with easier
exercises. It was seen that using languaging would be easier if it had started already
on the easier courses. As for the feedback from the individual exercises or exercise
types they were usually only single opinions pro or against. Only “seeking errors” -type
got multiple comments, all of them against. Many of the students had also clarified that
this type of exercise should be on a subject that is already familiar. On a new subject
that you are just trying to learn this is far too difficult. This same result was seen also
in Table 3 where the languaging exercise type 3 was clearly thought to be the least
useful.

A number of students readily shared their feelings about languaging also face to face.
The idea of languaging was thought to be a good and useful method also by these
students but using the method was found to be difficult since it was new to everyone.
Some specific types of exercises were thought to be useless in terms of understanding
the concept better. The “seeking errors” -type was also in this context the least liked
one.

3.5 Teacher’s point of view

From the teacher’s point of view languaging seems to be a very productive method
looking at the results. Since over half of the students believed that their learning results
had improved on this course because of the languaging exercises, it clearly seems to
be a method worth using; especially since so many students thought that their
understanding of the issues on the course had improved, which was the point of this
experiment. Quite often improving one’s understanding is a painstaking process and
one has to work for it. That is why arduousness of exercises is not necessarily a bad
thing from the teacher’s point of view unless it leads to students not doing the exercises
at all. Languaging can be a more laborious method for the teacher too. Making new
exercises obviously means more work than using old ones especially if the types of
the exercises are new also to the teacher. In addition, checking the students’ solutions
is often more time-consuming with languaging exercises.

3.6 Effect on grades

The grades on this implementation of the course were compared with the grades on
the previous implementation. On both implementations the background information on
the course was the same. The content, objective, extent and obligatoriness of the
course were the same. Also the teacher in every lecture and exercise was the same.
Only two things were changed on the course. Firstly, languaging was used in the
exercises. Secondly, the fact that this study was conducted during the course and
students were given extra points to their exam results if they participated in all of the
study parts. Three students got a better grade because of these extra points but this
factor is removed from the results. Of course, students’ wish to get these points may
have gotten them to study harder though getting these extra points did require only
filling questionnaires and returning languaging exercises.

In 2014 29 students enrolled on an exam organised before the next implementation of
the course. The average of the grades was 3,2 and the standard deviation was 1,7. In
2015 50 students enrolled on an exam organised before the next implementation of
the course. The average of the grades was 3,4 and the standard deviation was 1,6. As
always some students dropped out before the end of the course on both
implementations and are left out from the results.
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Grades in 2014 (n=29) Grades in 2015 (n=50)
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m3 "3
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Fig. 10. Grades in 2014 Fig. 11. Grades in 2015

As shown in Figures 10 and 11, the grades improved. The percentage of the best
grades increased by 9 %. The percentage of the midmost passing grades increased
by 4 %. The percentage of the worst passing grades decreased by 4 %. The
percentage of the students failing the exams decreased by 9 %. The causes for this
improvement can of course be numerous, but since nearly all factors in the course
were same as the previous time, it is likely that large part of this improvement is due
to use of languaging in the course.

4 CONCLUSIONS

Languaging is an effective method in building up students’ understanding of the
structural mechanics. This conclusion is supported by both students’ own opinions and
improved grades on the course.

More attention must be paid to making the exercises, especially the use of errors in a
given solution. Error seeking will be beneficial only when the issue has already been
learned.

Further studies will be carried out to get a wider sampling. The purpose is to make
languaging a permanent part of every course in structural mechanics if the preliminary
results are confirmed. The benefits will be greater if languaging is used systematically
and starting from the first course. Then the method itself will already be known in the
later courses and the students will have better understanding of the basic concepts of
the field. Thus it will be easier to build further knowledge based on these concepts.
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