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AHHOTaums: Pemenue npoOiieM B 0O0ydeHHE 3TO TOT HEOOXOAMMBIN
HAaBBIK, K MPUMEHEHUI KOTOPOTO XOTAT IMPHUBJIEY CTYAEHTOB MHOI'HE CTPaHBI
mupa. VIMeHHO mo3TOMy pemieHue MnpoOieMbl OOy4YeHHs] U IOBBILLICHUE
YCIIEBAEMOCTU CTYIEHTOB — 3TO BOIPOCHI, U3yYEHHEM KOTOPBIX 3aHUMAIOTCS
MHOTHE TMEJaroru M TMcuxoiord. llpu 3TOM KOMIBIOTEpHBIE OOYy4YaroIIHe
OporpamMMbl, Hapsgy C JpPYTMMH METOJMKAMH  OOy4YEeHHUs, 3aHUMAIOT
3HAYUTEIBHOE MECTO B PEIIEHUU 3TOTO BOIIPOCA.

Cpean KOMIBIOTEPHBIX 00pa30BaTEIbHBIX CUCTEM MIPEOOIAIal0T CUCTEMBI,
MCITOJIb3YIOIIME TEXHOJIOTMH UCKYCCTBEHHOTO MHTEJUIEKTa. VHTEeKTyaabHbIe
o0ydJarome CHUCTEMbl CIIOCOOHBI OKa3aTh MOMOILb B NPUHSATUU DPELIECHUN U
MOHHUTOPHUHIE IOCPEICTBOM HEPAPXUYECKOTO OTCIIECKUBAHUSA BCEX MPOLIECCOB
OoOy4eHMs] CTYIEHTOB, a TakKX€ B OIICHKE, OIpeNeJCHUH 00pa30BaTeIbHBIX
NoTpeOHOCTEH, NPUBJICUEHUU 3HAHUM M HABBIKOB, B PYKOBOJCTBE IPOLIECCOM
0O0y4eHMsI, BBISIBICHUHU OIIMOOK CTYIEHTOB, OOBSCHEHHH TOIO, IJ€ CTYACHTHI
COBEpPIIAIOT OIMUOKH, B peau3alii HHAUBUIYAJbHON TPAeKTOPUHU OOYUEeHHUS.

Bo Bpemss KOMIBIOTEPHOTO OOY4YEHUs CTYIAEHThl CTAJKUBAIOTCS C
npoOieMoi pelieHus 3aa4ui U MOCIEAYIOIEeN 3aliChi0 PEIIEHUS] B TEKCTOBOM
Bujie. I1o 310l mpuunHe B pe3ynapTare NpOBEAEHHOTO HAMHU MCCIEAOBAHMS OBLI
pa3pabotaHn Moayiab o0paboTku ectectBeHHOTO s3bika (NLP), xortopsrit
MO3BOJISIET CTYACHTaM aHAJU3UpOBaTh 3a/layM, KOTOPbIE OHU OyIyT pemarb C
MOMOIIBIO BU3YaJbHBIX MHCTPYMEHTOB M MPeoOpa3oBbIBaTh UX B TEKCThI. [y
pelieHust 3Toi npoOsieMbl HaMU ObLI MCMOJIb30BaH METOJ, 0A3UPYIOIIUNCS Ha
OCHOBE MPABWJI U Ta0JIOHOB.

Tt coznanust monynst NLP, B mepByro ouepenp, co3maercss XpaHWINILLE
OOBEKTOB Il KaXJOTr0 THIA 3afayd. AHAJU3UPYys MOHSATHS 3TUX OOBEKTOB,
OTIPENETSIOTCS TOCIEA0BATEIbHOCTH MPEAJIOKEHUN 3JIEMEHTOB, HEOOXOAUMBIX
s GopMUpOBaHUS OCMBICIeHHOro uenoro. Ilocnme ompenenenus 53Tux
AJIEMEHTOB B CTPYKType MIabjJoHa co3jaercs TaOnuia NpaBWI —IMyTEM
OTpEENICHNUs] UX OTHOIIEHHWH APYr ¢ IPYroM M 3HAYEHH, KOTOPbIE OHU MOTYT
NOJIyYUTh B PAMKax ATUX OTHOIICHHH. DTU ONEPALMH BBHIMNOJIHSIUCH OTAEIBHO
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JUISL KQXKJIOrO TUNa 3afadd. B xone pemenuu 3aaad, 0a3a TaHHBIX KOHTpOJUIEpa
NLP MoxeT ObITh pacIMpeHa B COOTBETCTBUU C TOTPEOHOCTIMU.

KutoueBblie ciioBa: o0pa0oTka €CTECTBEHHOTO $3bIKa, MCKYCCTBEHHBIH
WHTEJUJIEKT, pelieHre npooieM, 00ydeHue.
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Abstract: Problem solving takes place in instructional programs as a skill
that one’s want to bring students acquire many countries in the world. That is
why problem, problem solving and raising student achievement on problem
solving are topics that many educators and psychologists study on. In these
students computer applications are also take a considerable place along with
variety of instructional methods. Among computer supported educational
systems, artificial intelligent technologies have become prevalent and its
importance increase regarding its attributes of helping decision making and
monitoring by means of hierarchical trace of all learning processes of students,
evaluating, determining educational needs, bringing knowledge and skills,
guiding, detecting students’ mistakes, explaining where students make mistakes,
realizing individualized learning.

During the computerized problem solving activities, the transformation of
the scenes that the students will create to text, is very important in terms of
experiencing problem formation by students. Because it is very difficult for
students to create a problem in textual format.

For this reason, this study has developed a Natural Language Processing
(NLP) module that enables students to analyze problems that they will create
with visual tools and transform them into texts. In doing so, a rule-based and
template-based method is used.

In order to create the NLP module, first of all, an object store is created
for each problem type. By analyzing the concepts of these objects, the sentence
sequences of the elements necessary for forming a meaningful whole are
determined. After these items are determined, the rules table is created in a
template structure by determining the relations with each other and the values
they can get within these relations. These operations were performed separately

! This research was supported by The TUBITAK-SOBAG, no. 215K029.
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for each problem type. According to the applications, the database of the NLP
controller can be expanded according to the needs.

Key words: Natural Language Processing, Artificial Intelligent, Problem
Solving, Teaching

1. Introduction

Problem-solving topic stands as a skill in curricula to be taught to students
in not only Turkey but also many other countries around the world try to earn to
their students. For this reason, the structure of problem and problem solving and
increasing success in problem solving is a topic studied by many educators and
psychologists. One important point discussed in these studies is visualization of
verbal problems. Visualization of problems is crucial in order to understand the
expressions and the scenario in the problems. In this way, students could not
only comprehend the problem but also be able to intervene or change it,
experience the changes that may arise in the problem with different values, and
construct a problem.

In studies carried out for effective teaching of problem-solving, besides
many teaching methods, the applications employing computer technologies also
have an important place. Thanks to the opportunities provided by computer
technology, students are able to perform problem-generating activities using the
visual objects involved in problems, and the problems they will create at this
time can be turned into a text. Thus, verbal problems, which are difficult for
students to understand, can be transformed into meaningful and easily
understandable forms by using visual objects. After the objects in the problems
are placed in the scene, the natural language processing method can be used to
analyze the problem-generating situation and to form a meaningful sentence.

NLP has the first place in future-oriented research and practice related to
artificial intelligence. The aim of NLP is to design, implement and develop
systems that can analyze, understand and create the natural language that people
use (Nabiyev, 2016). Natural language processing brings together theories,
methods and technologies developed in many different fields such as artificial
intelligence (information display, planning, reasoning, etc.), formal linguistic
theory (language analysis), theoretical linguistics and computer-assisted
linguistics, and cognitive psychology (Oflazer, 1993).

In the light of the information above; in this study, the NLP module was
developed which allows analyzing and textualizing the mixture problems
generated by students by means of visual tools. In doing so, a rule-based and
template-based method is used.
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2. Method

2.1.  Analysis of Mixture Problems

During the review carried out for this type of problem, problem clusters
were formed by classifying the problems with the same structure appearing in
sources. So, mixture problems were grouped according to the number of
substances mixed. The quantities, units, (gr, kg, liters, ratios), and percentages of
the ingredients and the resulting mixture constitute the data provided for solving
the problems. In such problems, the operations include combining the mixtures
in another container, discharging and evaporating part of the mixture. In this
way, it is possible to prepare problems by making mixtures of certain
substances, adding the pure substance to the mixture (solid-solid, solid-liquid,
liquid-liquid) or adding another mixture of the same kind. In the context of
analysis of mixture problems; Table 1 shows the properties of the mixture and
substances required for a possible problem.

The percentage, quantity and ratio information given in Table 1 increases
depending on the number of mixtures used while generating the problem.

Table 1. Properties Used in Mixture

Substance properties: Mixture properties:
Substance quantity (m) Mixture quantity (M)
Substance unit (gram, kg, litre, ratio) Mixture unit (gram, kg, litre, ratio)
Substance percentage (n%) Mixture percentage (n%)

2.1.1. Object Relations in Mixture Problems
The objects used in mixture problems as well as relations among the
resulting mixtures are shown in Figure 1.

Solid Liquid Mixture

Sugar | o o o Lemonade

Water
Coffee §

Milk

AN

Coffee with sugar

Salt

Coffee with milk

I

Lemon \\ Water with oil
Hazelnut
Seed .
Water with alcohol
Peanut oil —
/ Water with salt
Flour Alcohol /

Figure 1. Object relations in mixture problems
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According to the relations shown in Figure 1; solid substances can be
mixed with solid substances, liquids, and mixtures containing the its own type.
Liquid substances can also be mixed with solids, liquids and mixtures containing
their own type.

2.2. Natural Language Processing Module (NLPM)

Problems to be generated by students are first converted into text by the
natural language controller module. In doing so, a rule-based and template-based
method is used. In order to construct the NLP module, an object pool is first
formed. Then, the concepts regarding these objects are analyzed, and syntax of
the elements necessary for forming a meaningful whole was identified. Next,
their relationships with each other and the values they can acquire within these
relations are determined. In the applications, the NLPM database auditor can be
expanded depending on needs.

Examples for running of the NLP module for mixture problems are
described below.

Rule for single mixture, untreated problems:{(Value %),
(Substance_Name), (Available), (Total_Qnt), (Mixture_Name),
(Selected_question pattern)}

Treated problems with two or more mixtures/substances.

Sentence 1 — Mixture Added

{(Value %), (Substance _Name), (Available), (Total_Qnt),
(Mixture_Name), (Pouring_qty)}

<Poured into mixing bowl>

Sentence 2 — Pure substance added
{ (Total_Qnt), (Substance_Name), (Pouring_qty), (Poured into mixing
bowl)}

Sentence 3 - Mixture Bowl
Questions without data:
{(New_mixture), (Selected question pattern)}

Questions with total quantity:
{(New_mixture), (Total_Qnt), (Mixture_Name), (So), (Selected question
pattern)}

Questions with value %:
{(New_mixture), (Value %), (Substance_Name), (So), (Selected question
pattern)}
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Problem 1: There is 30 gram salty water with 20% salt. 20 gr water and X
gram salt is added then. The resulting mixture has 40 % water. So, what is X?

Problem creation process:
1. Tothe first bowl, 30 gr

. Salty water with 20 % salt
30 gr salty water 20gr 20gr was added.
20% salt et ak 2. Tothe second bowl, 20 gr

Water was added.
3. Tothe third bowl, X gr Salt
was added.
4, All of the mixture | was
poured in a large bowl.
T2 e 5. All of the mixture Il was
[ [ l ] poured in a large bowl.
: = 6. All of the mixture Il was
poured in a large bowl.

Figure 2. The scene of probleml

Text Pattern
{ (20 %), (Salt), (in), (30 gr), (salty water)(all)}

Sentence 1: poured into the mixture bowl

Sentence 2: { (20 gr), (water), (all), (poured into the mixture bowl)}
Sentence 3: { (X gr), (salt), (all), (poured into the mixture bowl)}
Sentence 4: { (New mixture),(40% ), (water), (so), (what is X)}

The NLP controller module basically functions as follows: It is compared
against the rules table formed for the NLP controller whether the objects on the
screen, the concepts selected for the objects, and the values taken by these
concepts constitute a meaningful whole so that the screen is converted into text
by means of the sentence complying with the template.

Conclusion

Of studies aiming to increase success in problem solving, the applications
employing computer technologies besides many teaching methods have an
important place (Hoffman & Spatariu, 2008). In most of the studies using
computer technologies, positive attitude was developed among students towards
problem solving by increasing their willingness and enthusiasm (Huang, Liu &
Chang, 2012). In addition, it is stated that computer technology has the potential
to encourage mathematical learning processes (Lopez-Morteo & Lopez, 2007).
Many of these studies revealed an increase in students' academic achievement in
problem solving (Li & Ma, 2010).
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Programmable and useable qualities of software in studies employing
computer technologies has to do how problems will be modelled with such
software with as well as the context selected. Since computers cannot think and
make decisions in human competence, it is not easy for them to cover all or most
of the possible problems in the context. As a matter of fact, this situation is
closely related to possible sentence structures in the relevant language and types
of problems in teaching programs (Rich, 1983).

The advantage of the template NLP is that it does not require all details to
be processed in order for the scene to be converted into context. In this method,
the basic items that constitute the problem are certain, and each of these items is
connected to an object on the screen. Not all objects may be absolutely
necessary to form a problem, but each element of the problem is necessarily
associated with another element. For this reason, the objects which are essential
or redundant on the screen can be identified using the graph model, departing
from the objects available on the screen. However, in order to be able to do this,
problems must be well analyzed and there is a graph model constructed with a
stable rule table.

In this study, 538 mixture problems of different types were investigated,
an object pool was created, and the syntax of the items needed to form a
meaningful whole was identified by analyzing the concepts belonging to these
objects. Once these items were identified, the relationships with each other and
the values they can acquire within these relationships were determined. Thanks
to the applications, the database of the NLP controller can be expanded
according to needs.
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