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Introduction

In the field of optimization, the performance of the developed methods is tested by
solving classical and best-known problems. The Traveling Salesman Problem (TSP),
one of the most studied optimization problems in the world, is an important classical
optimization problem that is traditionally difficult to solve, although it seems to be a
very simple problem (Jati, 2011, p. 393). In general, the main purpose of the problem
is to find the shortest route for the salesman to visit a number of cities only once and
return to the city where he lives. From a theoretical point of view, TSP is the problem
of finding the shortest Hamilton cycle or round in an undirected finite network
without multiple edges and cycles (Potvin, 1996, p. 339). This network is called G=(N,
E) where the shortest Hamilton cycle is searched. In this network, N refers to a set of
cities, and E refers to a set of paths that have a certain length that concatenates these
cities (nodes) (Mica, 2015, p. 161). It consists of a network connection to each other of
all nodes within the network. The aim is to find the shortest path to be followed while
moving all the nodes back to the starting point.

After mathematical modeling by Dantzig et al. (1954), TSP has been an inspiration
for modeling a number of integrated optimization problems such as order picking
(Ratliff & Rosenthal, 1983), crew scheduling (Hoffman & Padberg, 1993), the assembly
of printed circuit boards (Burke et al., 1999), path planning (Yu et al., 2002), and vehicle
routing (Kim et al., 2010; Mazzeo & Irene, 2004) problems (Sahin & Karagiil, 2019, p.
106). The time required for the most efficient algorithm to solve the TSP is an
exponential function of the number of nodes in the problem. Therefore, it is one of the
problems of NP-Hard class (Best & Simon, 2000, p.42). While small size problems can
be solved easily with the help of analytical models, it is very difficult to solve large-
scale problems within an acceptable period of time. With the Concorde software using
the Lin-Kernighan-Helsgaun algorithm, it took 22 years to find the optimal results for
Germany's 15.112 cities (Joines et al., 2017, p. 214).

In cases where the problem size is large, metaheuristic methods such as tabu search
(Fiechter, 1994; Gendreau et al. 1998), genetic algorithm (Aytekin & Kalayci, 2010;
Chowdhury etal. 2013; Freisleben & Merz, 1996; Zhao et al. 2009), simulated annealing
(Malek et al. 1989; Wang et al., 2013), ant colony optimization algorithm (Alaykiran &
Engin, 2005; Dikmen et al. 2014; Montgomery & Randall, 2003; Mavrovouniotis &
Yang, 2013; Stiizle & Hoss, 1997), particle swarm optimization (Dorigo & Gambardella,
1997; Wang et al., 2003), harmony search (Karagiil et al. 2016), fluid genetic algorithm
(Sahin & Karagiil, 2019), and kangaroo algorithm (Erdem & Keskinturk, 2010) are used
as a solution method to solve the problem in acceptable times.

Optimization studies can also be used for the analysis of human abilities in the
context of problem-solving. In addition, decision making, engine control, and
detection can also be modeled as optimization tasks. It can be said that using
optimization tasks can be an effective way of examining human cognition in general
and problem-solving in particular. Insight problems can be seen as a special kind of
non-routine problem in which the problem solver is not familiar with the solution
procedure. Verbal, mathematical, and spatial types of insight problems are included
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in the literature (Dow & Mayer, 2004, p.389). Another feature of the TSP is that it is a
problem used for analyzing problem-solving performances of human subjects. From
this point of view, it is obvious that the TSP can be used as a problem of spatial insight.
Despite the computational complexity of TSP, previous studies show that human
solvers produce near-optimal solutions for this problem within acceptable times (Dry
& Fontaine, 2014, p. 84).

Macgregor and Ormerod (1996) found that human solvers found solutions better
than other heuristics, and closer to the optimal for traveling salesman problems
consisting of 10 and 20 cities. After this pioneering study, a lot of studies have been
carried out in this field. Ormerod and Chronicle (1999) presented strong evidence that
human TSP solution performance is based on global perceptual processing of the
problem array. Best and Simon (2000) collected data by tracking the mouse and
individual movements to analyze human performance in the solution of the TSP. The
simulation and the data obtained suggest a solution method that includes a fast-global
approximation followed by a local exact solution. Graham et al. (2000) compared the
TSP solution performance of human subjects with heuristics methods and the solution
performance of a new algorithm. The performance of the proposed new algorithm
produced very similar results to the solution performance of the subjects.

Cutini et al. (2005) presented a computational model including the bottom-up and
top-down effects, symbolizing human performance observed during the execution of
a variant of the TSP task. Macgregor et al. (2006) compared the convex hull, the nearest
neighbor and crossing avoidance heuristics and human performance in terms of path
length, the overlap between solutions, and the number of crossings in solving open
versions of the TSP. It is the convex hull method which shows the most similarity with
the human solutions among the heuristic methods. Kong and Schunn (2007)
investigated the relative role of global and local computing in solving the TSP. Within
the scope of the study, an experiment was performed to measure the importance of
global knowledge and possible constraints of global information processing in search.
Haxhimusa et al. (2011) conducted two psychophysical experiments in which subjects
solved TSP problems on the real and simulated ground, as well as a 3D volume. The
results showed that the performance of the subjects and the performance on the
computer screen were quite similar. Liew (2012) likened to social insect behavior and
suggested convex layers to TSP based on the claim that the knowledge of uneducated
people could help the TSP. In order to prove this idea, tour improvement algorithms
were used in convex layers to find the most suitable tour for the 13-cites problem.

Blaser and Wilber (2012) compared the performance of the figural version of the
TSP with navigation version of the same task. It was determined that there was no
general difference in performance between figural and navigational task modes, as the
number of nodes increased and performance decreased, while the NN strategy
developed the most appropriate way. Dry et al. (2012) analyzed the spatial distribution
factor of the human performance stimuli related to the TSP and the Minimum
Spanning Tree Problem. The results of this study showed that the participants
produced better quality solutions when the stimuli were highly clustered and highly
regular. Dry and Fontaine (2014) presented participants with four different sets of TSP
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stimulants with relative solution challenges and asked them to indicate which of the
four stimuli they would prefer to solve. The results showed that easy-to-dissolve
stimuli were chosen at a higher frequency than those that were difficult-to-solve.
Kyritsis et al. (2018) developed the cost-functionality within the nearest neighbor
algorithm for heuristic scanning based on human processing. The results obtained
show that the relation between the node to node and the distance from node-to-center
can be used to closely model the average human performance in a series of ETSP
(Euclidean TSP) graphs.

When the studies conducted to date are examined, it is seen that the subjects are
more interested in their mental characteristics and problem-solving abilities, and the
effect of characteristics such as education level, age and gender on problem solving
performance is not investigated. The problem addressed in the study is also used for
the analysis of the mental performance of students. Three randomly generated TSP
datasets with 15, 25 and 35 nodes were used to evaluate students' problem-solving
performances at different educational level and gender situations and the results were
statistically analyzed. The aim of the research was to find answers to the following
questions:

1. Does gender have an impact on problem-solving skills?
2. Does the level of education have an impact on problem-solving skills?

3. Are human solutions as effective as other heuristics?

Method
Research Design

In this study, statistical comparisons were made with the data belonging to human
solutions of TSP problems with 15, 25 and 35 nodes, respectively. The problems were
solved by secondary school (SS), high school (HS), and undergraduate (UG) students.
The categorical comparisons of solutions, male-female, and educational level were
examined with the help of nonparametric statistical methods. The Mann-Whitney U
test was used to determine whether the difference between genders was significant. In
addition, for the three levels of education, the Kruskal-Wallis Test was applied to
determine whether the difference between the education levels was significant.

Research Sample

For the solution of the data sets used, a tool which shows the position of the nodes
on the paper for three problems was preferred. The graphical views of the problems
are shown in Figure 1. A total of 320 volunteer students who did not have any prior
knowledge of the TSP gave valid answers to the problems. The distribution of genders
was 164 males and 156 females and, details are shown in Table 1. In the studies
conducted to date, data obtained from 81 subjects were used (Macgregor & Ormerod,
1996; Vickers et al. 2003 etc.).



Kenan KARAGUL - Yusuf SAHIN - Necdet GUNER - Aykut ORAL 141
Eurasian Journal of Educational Research 87 (2020) 137-156

() 15-nodes problem (b) 25-nodes problem (c)35-nodes problem

Figure 1: Graphical Representation of Problems

Table 1.

Distribution of Students by Gender and Education Level

Gender SS HS UG Total
Female (F) 58 77 21 156
Male (M) 64 58 42 164
Total 122 135 63

Research Instruments and Procedures

Three different TSP data sets were used in the study. The details of the problems
used in the study are shown in Table 2 and Figure 1, respectively. The problems were
designed as a network to enable students to respond to problem sets. Descriptive
statistics related to the answers are shown in Table 3.

Table 2.

Characteristics of Problems

Problem Number of nodes Optimal solution
PIN15 15 340
PIN25 25 411

PIN35 35 462
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Descriptive Statistics of the Solutions
Item Pr.-Lev.-Gen. Vars n mean sd median trimmed mad min max range skew kurtosis se
1 PINI5S-HS-FM 1 77 37452 69.57 35000 35871 1334 34000 780.00 44000 378 1625 7.93
2 PIN15-HS-M 1 58 39445 8479 36300 37835 3410 340.00 780.00 440.00 325 1190 1113
3 PIN15-SS-FM 1 58 379.03 6508 36150 366.81 31.88 340.00 780.00 440.00 427 2252 855
4 PIN15-SS-M 1 64 37469 79.79 34950 356.71 13.34 340.00 780.00 44000 418 17.99 997
5 PIN15-UG-FM 1 21 38914 99.38 34800 366.29 11.86 340.00 780.00 44000 290 848 2169
6 PIN15-UG-M 1 42 36326 69.05 34650 349.32 964 340.00 780.00 440.00 525 2864 10.65
7 PIN25-HS-FM 1 77 466.82 90.07 458.00 45357 4448 412.00 117000 758.00 622 4539 10.26
8 PIN25-HS-M 1 58 479.03 11258 45450 457.27 4151 411.00 117000 759.00 444 2283 1478
9 PIN25-SS-FM 1 58 66559 329.22 477.00 639.33 80.06 411.00 117000 759.00 086 -125 4323
10 PIN25-SS-M 1 64 70517 34029 47750 684.23 69.68 416.00 117000 75400 062 -161 4254
11 PIN25-UG-FM 1 21 436.14 2254 43400 43347 2372 41100 48300 77.00 084 -053 492
12 PIN15-UG-M 1 39 44028 2290 436.00 43827 2520 41200 50300 91.00 075 -012 367
13 PIN35-HS-FM 1 77 55352 177.74 51200 521.57 34.10 462.00 1949.00 1487.00 640 46.54 20.26
14 PIN35-HS-M 1 58 566.93 198.85 522.00 532.10 4893 462.00 1949.00 1487.00 586 37.37 26.11
15 PIN35-SS-FM 1 58 66743 441.71 509.50 553.96 3855 472.00 1949.00 1477.00 248 435 58.00
16 PIN35-SS-M 1 64 67288 452.76 504.00 54817 2520 475.00 1949.00 147400 240 392 56.59
17 PIN35-UG-FM 1 20 50220 37.85 491.00 49550 17.05 462.00 611.00 14900 156 154 846
18 PIN35-UG-M 1 40 502.28 3837 487.00 494.81 1853 466.00 630.00 16400 167 214 607
19 PIN15-HS-FM 2 77 1523 326 1600 1576 148 000 1800 1800 -392 1572 037
20 PIN15-HS-M 2 58 1614 136 1600 1625 148 11.00 1800 700 -128 283 018
21 PIN15-SS-FM 2 58 1217 177 1200 1233 000 000 1400 1400 -553 3580 023
22 PIN15-SS-M 2 64 1258 077 1200 1248 000 1200 14.00 200 086 -082 010
23 PINI5-UG-FM 2 21 1881 445 2000 1953 148 000 2300 2300 -354 1232 097
24 PIN15-UG-M 2 42 2102 441 2000 2115 297 000 2900 2900 -218 991 068
25 PIN25-HS-FM 2 77 1523 326 1600 1576 148 000 1800 1800 -392 1572 037
26 PIN25-HS-M 2 58 1614 136 1600 1625 148 11.00 1800 700 -128 283 018
27 PIN25-SS-FM 2 58 1217 177 1200 1233 000 000 1400 1400 -553 3580 023
28 PIN25-SS-M 2 64 1258 077 1200 1248 000 1200 14.00 200 086 -082 010
29 PIN25-UG-FM 2 21 1881 445 2000 1953 148 000 2300 2300 -354 1232 097
30 PIN25-UG-M 2 39 2082 448 2000 2097 297 000 2900 2900 -216 962 072
31 PIN35-HS-FM 2 77 1523 326 1600 1576 148 000 1800 1800 -392 1572 037
32 PIN35-HS-M 2 58 1614 136 1600 1625 148 11.00 18.00 700 -128 283 018
33 PIN35-SS-FM 2 58 1217 177 1200 1233 000 000 1400 1400 -553 3580 0.23
34 PIN35-SS-M 2 64 1258 077 1200 1248 000 1200 14.00 200 086 -082 0.10
35 PIN35-UG-FM 2 20 1975 112 2000 1956 148 1800 23.00 500 133 177 025
36 PIN35-UG-M 2 40 2095 450 2000 2106 297 000 2900 2900 -212 940 071
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Because, as can be seen from the Figure 2, the distributions of the solution times
are skewed to the right. This creates a problem of not being suitable for normal
distribution. Therefore, it will not be possible to test the results with parametric
hypothesis tests. For this reason, nonparametric hypothesis tests were used for testing
hypotheses. In non-parametric hypothesis tests, the mass parameters to be tested do
not have to conform to a distribution but are assumed to be distributed continuously.
In addition, these methods allow easy calculation and fast results. In the statistical
analyzes, R-Project program was performed with “psych” package. Histogram graphs
were generated using the “ggplot2” package.

- 3 hll s !

Figure 2: Solutions of Students (by Gender)
Results
Differences between Genders

The first analysis was performed on the basis of genders. The data do not conform
to the normal distribution. For this reason, the non-parametric Mann-Whitney-
Wilcoxon Test was used for the analysis. The hypothesis and the alternative hypothesis
are as follows;

Hy:The dif ference between the genders is not important.
H,:The dif ference between the genders is important

The results of the test are shown in Table 4. The level of education was not taken
into account when analyzing by gender for this test. According to the analysis without
considering the level of education, it is seen that gender has no effect on the quality of
the solution.

Table 4.
Test Statistics by Gender

Problem W.stat p-Value Results
P1IN15 12581 0.79855 Ho cannot be rejected.
PIN25 13145.5 0.47128 Ho cannot be rejected.

P1IN35 12404.5 0.85408 Ho cannot be rejected.
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Comparison of Genders on the Basis of Education Level

For each education level, the average of the gender-based solution was compared
separately. For these comparisons, the training groups were tested with the Mann-
Whitney U Test. The following hypothesis was used to test whether there is a gender
difference for each level of education.

Hy: The dif ference between the genders for each level of education is not
significant.

H,:The dif ference between the genders for each level of education is significant.

Table 5.

Test Statistics Based on Educational Level

Level Problem W.stat p-Value Results
PIN15 1614 0.21473 Ho cannot be rejected.
gs;zz;lary PIN25 2028 0.37131 Ho cannot be rejected.
PIN35 1859 0.98977 Ho cannot be rejected.
PIN15 2724 0.02891 Hp can be rejected.
High School PIN25 2268.5 0.87635 Ho cannot be rejected.
PIN35 2494.5 0.24588 Ho cannot be rejected.
PIN15 389 0.44672 Ho cannot be rejected.
Undergraduate PIN25 465.5 0.3891 Ho cannot be rejected.
P1IN35 386 0.83224 Hp cannot be rejected.

When the results in Table 5 are analyzed, it is seen that gender had no effect on the
solution for middle school and undergraduate students. On the other hand, it can be
mentioned that there was an effect of gender at the high school level for only 15 node
TSP. The details of the solutions’ statistical analysis results for each level of education
are presented in Table 6. For instance, as a result of the solutions made with the PIN15
data set, the average solution of males was 374.7 and the average of the women was
379.



Kenan KARAGUL - Yusuf SAHIN - Necdet GUNER - Aykut ORAL

Eurasian Journal of Educational Research 87 (2020) 137-156

145

Table 6.
Detail of the Statistics for Each Educational Level
e & g 5 E T £ 3 & 2 2
- PINIS(M) 64 3747 7979 3495 35671 133 340 780 440 418 17.99 997
£ PINI5 (F) 58 3790 6508 3615 36681 319 340 780 440 427 2252 855
T PIN25(M) 64 7052 3403 4775 68423 697 416 1170 754 062 -1.61 425
S PIN25 (F) 58 665.6 3292 477 639.33 801 411 1170 759 086 -125 432
§ PIN35 (M) 64 6729 4528 504 54817 252 475 1949 1474 24 392 566
@ PINS35 (F) 58 6674 4417 5095 55396 38.6 472 1949 1477 248 435 58
PIN15(M) 58 3945 8479 363 37835 341 340 780 440 325 119 111
5 PINI5(FM) 77 3745 6957 350 35871 133 340 780 440 378 1625 7.93
§ PIN25 (M) 58 479.0 1126 4545 45727 415 411 1170 759 444 2283 148
g, PIN25(FM) 77 4668 90.07 458 45357 445 412 1170 758 622 4539 103
T PIN35(M) 58 5669 1989 522 5321 489 462 1949 1487 5.86 37.37 261
PIN35 (FM) 77 5535 177.7 512 52157 341 462 1949 1487 64 4654 203
PINI5 (M) 42 3633 69.05 3465 34932 9.64 340 780 440 525 2864 107
‘% PIN15(FM) 21 3891 9938 348 36629 119 340 780 440 29 848 217
T PIN25(M) 39 4403 229 436 43827 252 412 503 91 075 012 3.67
% PIN25 (FM) 21 4361 2254 434 43347 237 411 48 77 084 -053 492
E PIN35 (M) 40 5023 3837 487 49481 185 466 630 164 167 214 607
PIN35(FM) 20 5022 37.85 491 4955 171 462 611 149 156 154 846

Another analysis of the solutions obtained relates to the amount of deviation from
the optimal solution values. Table 7 shows the deviation values for all problems. The
deviation amounts were divided into 4 groups. For example, when the solutions of the
secondary school students were examined for the first data set, it was found that 54.1%
of the answers deviated from 0% to 5% of the optimal solution. The deviation values
in the table are summarized in Figure 4. As can be seen from the table and figure,
undergraduate students found the solution with the smallest deviation from the

optimal.

Table 7.

Deviation of the Solutions from the Optimal Solution

Problem Education level 0%-5% 5%-10% 10%-15% >15%
P1N15 Secondary School (SS) 54.10% 16.40% 9.00% 20.50%
P1N15 High School (HS) 54.80% 14.80% 3.70% 26.70%
PIN15 Undergraduate (UG) 71.40% 6.30% 7.90% 14.30%
PIN25 Secondary School 20.50% 10.70% 16.40% 52.50%
PIN25 High School 31.10% 14.10% 23.70% 31.10%
PIN25 Undergraduate 46.70% 25.00% 21.70% 6.70%
P1IN35 Secondary School 18.00% 36.90% 14.80% 30.30%
P1N35 High School 15.60% 28.10% 18.50% 37.80%
PIN35 Undergraduate 46.70% 28.30% 8.30% 16.70%
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Figure 3: Comparing the Solutions According to the Level of Education and Gender
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Figure 4: Solutions of Students (by Gender)

Analysis of the Difference between Education Groups

In this section, the effect of education level on the quality of solutions was
analyzed. The hypothesis that the level of education has no effect on the quality of the



Kenan KARAGUL - Yusuf SAHIN - Necdet GUNER - Aykut ORAL 147
Eurasian Journal of Educational Research 87 (2020) 137-156

solution has been tested with the Kruskal-Wallis test. Kruskal-Wallis test was used for
non-parametric statistical methods to control the significance of the difference between
the education groups. Accordingly, it was concluded that the difference between
education levels was significant. The test statistics are shown in Table 8.

Table 8.
Test Results
Problem Chisq Df p.value Result
PIN15 9.12 2 0.01 Ho can be rejected.
PIN25 45.14 2 0.00 Ho can be rejected.
PIN35 23.36 2 0.00 Ho can be rejected.

The significance level of the difference between education levels is shown in Table
9. As can be seen from Table 9, it was determined that there was no difference between
the solutions of secondary and high school students in terms of education level for all
problems, and the difference between the educational level of the undergraduate and
the other education levels was significant.

Table 9.
Significance Level of the Difference between Levels of Education
Problem Level High School Secondary School
Secondary School 0.7616 -
PIN15
Undergraduate 0.0116 0.0646
Secondary School 0.0000 -
P1IN25
Undergraduate 0.0095 0.0000
Secondary School 0.6049 -
PIN35
Undergraduate 0.0000 0.0005

The Comparison of Human Performance with Different Heuristics

In this section, the human solutions obtained are compared with the solutions
obtained with the heuristic methods in the literature. For the comparison, the Convex
Hall Insertion (CHI), the Nearest Neighbor (NN) and the Space-Filling Curve (SFC)
methods were used. For the nearest Neighbor heuristic, two different approaches were
used, where the beginning node was the first node (NN-1) and any node (NN-any).
Logistics Engineering Matlab Toolbox (Kay, 2014) is used for these methods. Solutions
obtained by heuristic methods and human solutions according to educational level are
shown in Table 10.
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Table 10.
Comparison of Human Solutions with Heuristic Algorithms
Heuristic Methods Average Solution Values
Dsaett“ Optimal CHI NN-1 NN-Any SFC SS HS UG
PIN15 340 3420 3781 3477 3669 377 383 378

PIN25 411 5199 4705 4442  484.6 684 472 439
PIN35 462 501.2 6181 5326  528.0 669 560 502

The deviations of the solution values from the optimal solution are shown in Table
11 and Figure 5. When the average deviation values were examined, it was seen that
the deviation of the solutions provided by undergraduate students was lower than
other students and heuristic methods. The highest deviation occurred in middle school
students' solutions.

Table 11.
Deviation of the Solutions
Data
Set CHI NN-1 NN-Any SFC SS HS uG
P1N15 0.60 1120 226 7.93 10.88 12.65 11.18
PIN25 26.50 14.47  8.07 17.90 66.42 14,84 6.81
PIN35 8.48 3379 1529 14.29 4481 21.21 8.66
Avarage  11.86 1982 854 13.37 40.70 16.23 8.88
70
60
50
40
30
20
10 M
0
CHI NN-1 NN-Any SFC ss HS UG
=@==P1N15 PIN25 e PIN35

Figure 5: Deviation of the Solutions
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Discussion, Conclusion and Recommendations

The analysis of human performance in the solution of optimization problems is a
subject of intense interest from academics who have been working in the field of
psychology over the past twenty-five years. The assessments prove that human
subjects can produce good solutions even if they did not receive any training on the
problem previously addressed, as in this study. However, the increase in the problem
size leads to a decrease in the solution performance. At this point, although the
solution performance decreases, the ability to produce good solutions to such a
problem which is a very alternative solution in a short time shows that human beings
have sufficient mental infrastructure for solving complex problems. From this point of
view, the use of insight problems to explore human abilities and conduct research on
cognitive processes will become more common.

The main purpose of this study was to analyze human performance in the solution
of TSP problems. In previous studies (Mcgregor & Ormerod, 1996; Vickers et al., 2003
etc.), a small number of subjects were generally chosen among university students and
did not evaluate whether different educational levels and gender had any effect on the
solution. In this study, the effect of education level and gender was examined using
the data of 320 subjects. From this point of view, analysis and comparisons were made
for 4 different situations. First, it was evaluated whether the gender had an impact on
the quality of the solution, regardless of the level of education. As a result of the non-
parametric Mann-Whitney-Wilcoxon test which is applied because human solutions
did not show a normal distribution , it has been determined that gender has no effect
on solution performance (see Table 4). The second analysis was made to determine
whether gender had an impact when considering the education levels. As a result of
the analysis, it was determined that gender had an effect only among high school
students for PIN15 data set and no such effect for others (See Table 5). The third
comparison was made between educational levels. While there was no significant
difference between the solutions of middle and high school students, the solutions of
university students varied. It was concluded that the level of education affected the
quality of the solution. The latest comparison was made between the solutions of
heuristic methods in the literature and human solutions. The Convex Hull Insertion,
the Nearest Neighbor (NN-1 and NN-Any) and the Space-Filling Curve methods were
coded using Matlog Tool Box. The nearest neighbor was used in two different ways.
The first version used was the NN-1 method, which started with the first node. The
second version was the NN-Any method, which started from different nodes and
provided the best solution as the final solution. When the average deviation from the
optimal solution was examined, it was determined that university students produced
very good solutions. These results also confirm the results of previous studies (Best &
Simon, 2000; Haximusa et al. 2011; Macgregor & Ormerod, 1996; Ormerod &
Chronicle, 1999; efc.). It is seen that human subjects are quite good at solving the
traveling salesman problem. The ability of human subjects to solve the networked GSP
is not affected by gender, but by education level. As the number of nodes increases,
the impact of education on solution performance becomes more pronounced.
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The present study was the first study conducted in Turkey in the relevant field. On
the other hand, more subjects were studied compared to the previous studies. In future
studies, it is considered that different insight problems can be applied to people for
different gender and education level, and moreover, different school types can be
included in the study. Developing healthy policies for the education system of the
country can be ensured through the expansion of educational research. It is considered
that these and similar studies can provide data that can guide education.
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Ozet

Problem Durumu: Gezgin Satict Sorunu (GSP), bir dizi sehri ziyaret edecek satici
tarafindan kullanilacak en kisa rotayr belirleyen bir en uygun sekle sokma
problemidir. Cesitli sekillerde genisletilip degistirilebilen GSP, pratik ve gercekgi bir
problem tiirii olmakla beraber birgok optimizasyon probleminin goérsel ve mekénsal
¢oztimiiniin temelini olusturur. Optimizasyon alaninda yogun olarak c¢alisilan GSP
insan yeteneklerinin problem ¢dzme baglaminda analizi icin de kullamilmaktadir.
Diger taraftan bu problem, karar verme, motor kontrolii ve algilama ¢alismalar1 i¢in
de icgorti (insight) problemi olarak modellenebilmektedir. I¢gorii problemleri,
problem ¢oziiciiniin ¢oziim prosediiriine asina olmadigi 6zel ve rutin olmayan
problemlerdir. Literatiirde sozlii, matematiksel ve mekansal i¢gorii problemlerinin
kullamldig1 calismalar mevcuttur. Calisma kapsaminda deneklerin ¢tzmesi istenen
GSP insan deneklerin problem ¢6zme performanslarini analiz etmek i¢in kullanilan bir
problemdir. Bu agidan GSP'nin mekansal bir i¢gérii problemi olarak kullanilabilecegi
asikardir. GSP'nin hesaplama karmasikligina ragmen, o6nceki calismalar insan
¢oziciilerin kabul edilebilir zamanlarda bu sorun i¢in en uygun ¢oziimlere yakin
olduklarim gostermektedir (Dry ve Fontaine, 2014, s.84).

Arastirmamin Amaci: Calisma kapsaminda ii¢ soruya cevap aranmaktadir. Birinci
asamada, egitim seviyesi dikkate alinmadan cinsiyetin problem ¢6zme performansimna
bir etkisinin olup olmadig1 arastirilmistir. Tkinci asamada ise 6grencinin egitim
seviyesinin elde edilen ¢oziime etki edip etmedigi analiz edilmistir. Son olarak ise
insan ¢dztimlerinin bilimsel yazinda bulunan ve GSP'nin ¢oziimiinde kullanilan
sezgisel yontemlerin ¢oztimlerine kiyasla en iyi ¢oziime ne derece yaklastigi
belirlenmeye ¢alisilmistir.

Arastirmamn Yontemi: Calisma kapsaminda istatistiksel yontemler ile sezgisel
yontemler kullamilmaktadir. {1k olarak farkli egitim seviyelerinde bulunan 6grencilere
15, 25 ve 35 dugumli GSP ag seklinde ifade edilerek ¢ozmeleri istenmistir.
Ogrencilerden alan cevaplar kullamilarak egitim seviyesinin ve cinsiyetin ¢oziim
performansina etkisini analiz etmek i¢in parametrik olmayan Mann-Whitney-
Wilcoxon ve Mann-Whitney-U testleri kullanilmistir. Elde edilen insan ¢dztimlerinin
kalitesinin belirlenebilmesi icin sezgisel yontemlerle elde edilen c¢oztimler
kullanilmistir. GSP’'nin ¢6ztimii icin bilimsel yazinda birgok sezgisel ve metasezgisel
yontem olmakla birlik, calisma kapsaminda Dis Biikey Ortii Ekleme (Convex Hull
Insertion), En Yakin Komsu ve Uzay Doldurma Egrisi (Space Filling Curve) yontemleri
ile 15, 25 ve 35 diigtimlii problemler ¢oztilmiistiir.

Arastirmamn - Bulgulari:  Calismanin  ana amacit GSP'nin  ¢oziimiinde insan
performansinin analiz edilmesidir. Bu noktadan hareketle 4 farkli durum igin analiz
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ve karsilastirmalar yapilmustir. flk asamada egitim seviyesi ve cinsiyet farkmin ¢oziim
kalitesi tizerinde bir etkisinin olup olmadig1 analiz edilmistir. Insan ¢oziimlerinin
normal dagilim goéstermemesi nedeniyle parametrik olmayan Mann-Whitney-
Wilcoxon testi uygulanmis ve egitim seviyesi dikkate alinmadig1 durumda cinsiyetin
¢ozuim Xkalitesi tizerinde anlamli bir etkiye sahip olmadigi sonucuna ulasilmistir
(bakiniz Tablo 4). Tkinci durumda ise cinsiyetin etkisi egitim seviyesi dikkate almarak
analiz edilmis ve cinsiyetin sadece lise diizeyindeki 6grencilerin ¢dztimleri tizerinde
PIN15 veri seti igin etkili oldugu, diger veri setleri ve egitim seviyeleri i¢in herhangi
bir etkisinin olmadig1 belirlenmistir (bakiniz Tablo 5). Ugtincti analiz sadece egitim
seviyeleri dikkate almarak yapilmis ve tiniversite dgrencilerinin yapmis olduklar1
¢oztimlemenin ortaokul ve lise seciyesindeki dgrencilere kiyasla anlamli diizeyde
farklilik gosterdigi belirlenmistir. Buna gore egitim seviyesi ¢oziim kalitesine etki
etmektedir. Nihai ve son karsilastirma ise sezgisel yontemlerle elde edilen ¢oztimler
ve insan ¢oziimleri arasinda gerceklestirilmistir. Calisma kapsaminda kullanilan
problemler Matlog Aragc Kutusu (Kay, 2014) yardimiyla Dis Biikey Ortii Ekleme, En
Yakin Komsu ve Uzay Doldurma Egrisi yontemleri ile ¢oziilmiis ve elde edilen
sonuglar insan ¢oziimleri ile kiyaslanmistir. En Yakin Komsu yoéntemi iki farkl
versiyon olarak calismaya dahil edilmistir. Tlk versiyonda (NN-1) ¢6ziime birinci
digiimden baslanirken digerinde (NN-Any) herhangi bir diigiimden c¢oziime
baslanabilmektedir. Her bir problem i¢in optimal ¢oziimden sapma degerlerinin
ortalamalar1 dikkate alindiginda lisans 6grencilerinin ¢oztimlerinin oldukca iyi
oldugu goriilmektedir.

Aragtirmanin Sonuglart ve Oneriler: Optimizasyon problemlerinin ¢6ztimiinde insan
performansinin analizi, gectigimiz yirmi bes yillilk dénemde psikoloji alaninda
calismalar yapan akademisyenlerin yogun sekilde ilgisi ¢ceken bir konudur. Yapilan
degerlendirmeler, bu calismada oldugu gibi daha 6nceden ele alinan problem ile ilgili
bir egitim almamus olsa bile insan deneklerin iyi ¢oziimler tiretebildigini kanitlar
niteliktedir. Macgregor ve Ormerod (1996) tarafindan yapilan ve 10 ile 20 diigiimden
olusan problemde insan denekler iyi ¢oziimler {iretebilmistir. Ancak yapilan bu
calismada oldugu gibi problem boyutunun biiytimesi ¢dziim performansinda
azalmay1 da beraberinde getirmektedir. Bu noktada, boyle bir probleme kisa stirelerde
iyi ¢oztimler tiretebilmesi insanoglunun karmasik problemlerin ¢6ziimiinde yeterli
zihinsel alt yapiya sahip oldugunu gostermektedir. Bu agidan bakildiginda, insan
yeteneklerini kesfetmek, biligsel siireclere iliskin arastirmalar yapmak i¢in i¢gorii
problemlerinin kullanim1 daha da yaygin hale gelecektir.

Yapilan kiyaslamalar neticesinde elde edilen sonuclar ge¢mis yillarda yapilan
calismalar1 (Macgregor ve Ormerod, 1996; Ormerod ve Chronicle, 1999; Best and
Simon, 2000) dogrulamaktadir. Insan deneklerin ag seklinde gosterilmis GSP’yi ¢g6zme
becerileri cinsiyetten etkilenmemekle beraber egitim seviyesinden etkilenmektedir.
Sunulan calisma ilgili alanda Tiirkiye’de yapilan ilk ¢alismadir. Gelecekte yapilacak
calismalarda farkli i¢gorii problemlerinin de benzer sekilde farkli cinsiyet ve egitim
seviyesindeki kisilere uygulanabilecegi, dahas1 farkli okul tiirlerinin ¢alismaya dahil
edilebilecegi degerlendirilmektedir.

Anahtar Sozciikler: Problem ¢6zme, optimizasyon, bilissel arastirmalar
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