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l. - INTRODUCTION

Computerized adaptive testing implies the test adaptation to the level of knowledge of the test.
During the testing process the system analyzes the answers and uses them to choose each following
question based on the best correspondence to the level of examinee so that the questions gradually
become complicated for a well-prepared examinee and simpler for a poorly prepared person. The
process of test adaptation for an individual user is mentioned.

This means that the tests must be pre-calibrated according to their level of difficulty.

The modern computerized adaptive testing (CAT) is based on item response theory (IRT). IRT is a
family of mathematical models that describe how people interact with test items (Embretson &
Reise, 2000). According to this theory test items are described by their characteristics of
difficulty and discrimination. Discrimination is independent of difficulty and shows how the
probability of a positive response is distributed between different levels of examination. In
addition, they can have a so-called “pseudo-guessing” parameter that reflects the probability that an
examinee with a very low trait level will correctly answer an item solely by guessing (Baker, 2001).
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The combination of these three parameters allows us to evaluate the knowledge of an
examinee via the Maximum Likelihood Estimation (MLE) method. The MLE method is much more
flexible than the so-called “The Number Correct” assessment, which implies the number of correct
answers from the questions asked (perhaps, considering question weight). For example,
number-correct scoring of a 10-item conventional test can result in at most 11 scores (0 to 10); MLE
for the same test can result in 2'°=1024. MLE also provides an individualized standard error of
measurement (SEM) for each examinee.

Despite the above and other advantages, the MLE method requires extensive preliminary work to
determine with appropriate accuracy the difficulty, discrimination, and guessing parameter for each
issue of the test. The most common method of determining these parameters is the preliminary
testing. To get real results via the preliminary testing, it is necessary to examine hundreds and
thousands of users, which is not easy.

In general, to obtain the advantages of the Item Response Theory (IRT), the tests should be designed,
constructed, analyzed and interpreted within the framework of the given theory. Particularly,
IRT implies that the ability of the particular examinee is known in advance, and based on
these data, the parameters of the characteristic curve of items (difficulty, discrimination, guessing
parameter) are determined (Baker, 2001).

In the considered model a set of items of the test is divided into several parts, depending on
complexity. Subsequently, there is no other information available about the items on a test. In other
words, the difficulty, discrimination and parameter of guessing for each item separately are not
available. The model under discussion does not present the preliminary estimate parameter 0 of an
examinee’s abilities. True, the lack of information decreases the accuracy of the result, but the big
advantage of a simple model is that its practical application is easy.

We will try to create a test assessment system that makes it easy for the test creator to use a
computer-adaptive method for creating one’s own test. For this purpose, let us not discuss IRT but
another traditional approach to testing—Stradaptive Testing. The term “Stradaptive” is derived
from the “Stratified Adaptive”, and it belongs to D. J. Weiss (Betz & Weiss, 1973; Betz & Weiss, 1974).

Stradaptive testing considers different strategies of the leveling, which were fundamentally discussed
and studied earlier. These strategies are:

e Two-stage approach (Betz & Weiss, 1973; Betz & Weiss, 1974; Larkin & Weiss, 1975);
e  Multi-Stage Approach:

o Fixed Branching Models:

e Pyramidal Strategy (Larkin & Weiss, 1975);
e Flexilevel (Lord, 1970; Betz & Weiss, 1975; Pyper, Lilley, Wernick, Jefferies, 2014);
e Stradaptive Testing (Weiss 1973; Weiss, 1974; Waters, 1977);

o Variable Branching Models:
e Bayesian (Weiss, 1974; McBridge & Weiss, 1976);
e Maximum likelihood approach (Weiss, 1974).

In the given paper we consider multistage testing.

The Set Ordering Method for Scoring the Outcomes of 1-2-3-4 Multistage Model of Computerized Adaptive Testing
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Il MULTISTAGE ADAPTIVE TESTING

“Recently, multistage testing (MST) has been adopted by several important large-scale testing
programs and become popular among practitioners and researchers” (Zheng & Chang, 2015, p. 104).

“MST is a balanced compromise between linear test forms (i.e., paper-and-pencil testing and
computer-based testing) and traditional item-level computer-adaptive testing (CAT)” (Zheng,
Nozawa, Gao & Chang, 2012, p. ii).

The multistage adaptive test represents a structured adaptive test, which uses pre-designed subtests
as the main unit of testing control.

“In contrast to item-level CAT designs, which result in different test forms for each test taker, MST
designs use a modularized configuration of pre-designed subtests and embedded score- routing
schemes to prepackage validated test forms” (Melican, Breithaupt & Zhang, 2010, p. 171).

The “stage” in multistage testing is an administrative division of the test that facilitates the adapting of
the test to the examinee. Each examinee is administered modules for a minimum of two stages, where
the exact number of stages is a test design decision affected by the extent of desired content coverage
and measurement precision. In each stage, an examinee receives a module that is targeted in
difficulty at the examinee’s provisional ability estimated, computed from the latter’s performance
on modules administered during the previous stage(s). Within a stage, there are typically two or
more modules that vary from one another based on average difficulty. Because the modules
vary this way, the particular sequence of item sets thatanyexaminee is presented with is
adaptively chosen based on the examinee’s temporary assessment. After an examinee finishes each
item set, his or her ability estimate is updated to reflect the new measurement information obtained
about his ability. The next module is chosen to provide an optimal level of measurement information
for a person at that computed proficiency level. High-performing examinees receive modules of
higher average difficulty, while less able examinees are presented with modules that are
comparatively easier (Zenisky, Hambleton & Luecht, 2010).

Thus, traditional CAT selects items for a test adaptively, while a multistage testing (MST) is an
analogous approach that uses sets of items (modules, testlets) as the “building blocks” for a test. In
MST terminology, these sets of items have come to be termed modules (Luecht & Nungester,
1998; Crotts, Sireci & Zenisky, 2012; Kim & Moses, 2014) or testlets (Wainer & Kiely, 1987; Wang,
Bradlow & Wainer, 2002) and can be characterized as short versions of linear test forms where some
specified number of individual items are administered together to meet particular test
specifications and provide a certain proportion of the total test information.

. ORDERING METHOD OF OUTCOME SET

The initial article Razmadze et al. (2017) considers an original method of CAT result estimation
for multistage testing strategy.

In contrast to the classical item response theory (IRT) concepts (Embretson & Reise, 2000; Van der
Linden & Hambleton, 1997; Baker, 2001), Rasch’s model (Rasch, 1960/1980) or non-IRT (i.e. the
Measurement Decision Theory) of CAT (Rudner, 2009), the model under discussion, does not present
the preliminary estimate parameter 0 of an examinee’s abilities and the items of the same level have
the same difficulty.

The Set Ordering Method for Scoring the Outcomes of 1-2-3-4 Multistage Model of Computerized Adaptive Testing
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The method considers all possible variants of results, which is named an outcome set. The outcome set
represents a non-typical unity of different dimensional elements. At Razmadze et al. (2017), article
comparison criteria for these elements are defined, and principles of ordering of the set are described.
The article shows how to receive the final score after ordering the outcome set. The ordered criteria of
outcomes set may not be singular; this is confirmed by a comparative review of two examples
presented in this work.

In multistage testing, to build a panel using modules, an author of a test uses a linear
programming or heuristic methods. Apart from this, Fisher’s Maximum Information Method is used
for obtaining the classification cut-points for the optimization of the information of a module (Zheng
et al., 2012). All the methods mentioned above requires specific knowledge. Our model does not have
such limitations for a test author because such specific work is performed by an “automatic system of
testing” compiler, while the author of a test has only to divide the testing items into several levels
according to difficulty. This procedure should not be complicated because we assume that the author
of this test is a professional in the field for which the appropriate test is created.

To express the ordering method of outcomes set, a specific procedure for testing is used in Razmadze
et al’s (2017) article. This procedure has an illustrative purpose for the evaluation method. The
method described can be used for other similar strategies as well as for multistage testing, one of the
models was discussed in the article ,The Set Ordering Method for Scoring the Outcomes of 1-2-4
Multistage Model of Computerized Adaptive Testing“ (Razmadze, 2019).

The current article discusses similar model, although unlike the three-stage 1-2-4 model,
described in previous paper, there is the four-stage 1-2-3-4 model.

Thus, the paper presented is devoted to the realization of an ordering method of the outcome set, in
particular on the example of a four-stage 1-2-3-4 model.

V. THE FOUR-STAGE 1-2-3-4 ADAPTIVE MODEL

4.1 The scheme of 1-2-3-4 model

Now let us consider the usage of the ordering of testing result scores in case of multistage adaptive
testing. For this purpose, we will discuss the four-stage 1-2-3-4 model, which is presented in the
following scheme (Zheng et al., 2012):

Stages

Figure 1. The 1-2-3-4 MST model

The Set Ordering Method for Scoring the Outcomes of 1-2-3-4 Multistage Model of Computerized Adaptive Testing
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The number indicated in the rectangle of the module corresponds to the stage; the letters correspond
to comparative difficulty (H: high; M: medium; L: low; HH: higher than H; LL: lower than L). Let us
number the medium difficulties of modules. Each of these numbers can be considered as the weight
of a corresponding module item:

Table 1. Comparative difficulty

Difficulty LL L M H HH
Weight 1 2 3 4 5

In this case comparative difficulties are numbered although it is possible to assign different weights
for modules at different stages with the same comparative difficulties:

Table 2: The item weights of the four-stage 1-2-3-4 model

# 1 2 3 4 5 6 7 8 9 10
Difficulty | 4LL | 3L 4L 2L, 1M 3M 2H 4H 3H | 4HH
Weight 1 2 3 3 4 4 5 5 6 7

The displayed classification can be considered as an analogy to the one used in the item
response theory (IRT) (-3; 3) range, where the examinees’ abilities are measured (Baker, 2001). But
in this case instead of (-3; 3) range we use the weights provided in Table 2. This does not distort the
achievement of the initial task. By considering the weights, the scheme from Figure 1 will transform
into the following:

7
6
5 5
4 4
3 3
2
1

Figure 2: The 1-2-3-4 MST model with weights

4.2 Outcome of 1-2-3-4 model

In the first row of Table 2, all modules are numbered from 1 to 10. We will be using the given
numbering for defining the test outcome. Taking into account the complexity levels of the
modules, the outcome is expressed as a ten-dimensional vector: n={c, c,, 3, cy Cs, Co, €5y Cs, Co,

1o +, Where ¢; represents the number of correct answers of i module, i = 1, 2, ..., 10 . Due to the fact
each testee performs only one item on each stage, there can be only 4 components out of a given 10
that are different from o in each test outcome. In addition, each ¢; component, i =1, 2, ..., 10, has a

weight, predefined according to Table 2.

The Set Ordering Method for Scoring the Outcomes of 1-2-3-4 Multistage Model of Computerized Adaptive Testing
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In Razmadze et al.’s (2017, p. 1656) article, the outcome was defined as a vector drawn from the
corresponding numbers of the levels of items obtained during the testing process. In this case, by
definition, the outcome vector consists of the components that correspond to the number of correct
answers in each module. This is more convenient for using the set ordering method for multistage
adaptive tests.

Let us look at how many items there are per module. According to the module given by Zheng et al.
(2012), the examinee is given 21 items that can be distributed among the stages differently:
Table 3: Amount of items according to stages

1-2-34 model
Stage 1  Stase?  Stame 3 Stage d

Meodel condition A 6 5 5 5
Model condiion B 7 6 4 4
Model condition C 4 & 6 5
Meodel condition D 4 4 6 7

Let us choose one of the model conditions, for example, model condition C. Inn={c, c,,
C35 €4y Csy Coy Coy Cg, Coy C1o  ONLY 4 components are able to obtain whole values different from o within the
ranges [0—4], [0—6], [0—6] and [0—5]. These components may have 5, 7, 7 and 6 different answers,
respectively; other components are always zero. The total amount of outcomes would be N =

5%7%7%6 = 1470.
4.3 Outcome route

Modules of the first, second and third stages have classification cut-points that define the route
of the testing outcome; in other words, choosing the second, third and fourth stage modules.
Classification cut-point is the amount of correct answers within the module that defines the
branching — next stage module. Despite where the classification cut-points are chosen, the total
amount of the testing outcomes is constant and N = 1470.

An example discussed in this article on the first stage of 1M module cut-point equals to 2. This means
that in case of less than 2 correct answers (0 or 1) an examinee will be given the easier 2L. module of
the second stage, and in case of two or more correct answers (2, 3 or 4) the more difficult 2H
module of the second stage.

In the second stage 2L. module cut-point is 3, in 2H module it is 4. This means:

e In 2L module, if the number of correct answers is less than 3 (0, 1 or 2), an examinee will be
provided with the 3" stage easy 3L module and in case of 3 or more correct answers (3, 4, 5 or 6) -
the 3"stage medium 3M module items;

e In 2H module if the number of correct answers are less than 4 (0, 1, 2, or 3), an examinee will be
provided with the 3" stage medium 3M module and for more than 4 correct answers (4, 5, or 6) -
the 3"stage difficult 3H module items;

On the 3"stage modules 3L and 3M, the cut-point is 3 and for 3H it is 4. This means the following:

e In 3L module if the number of correct answers is less than 3 (0, 1 or 2) an examinee will be
provided with the 4" stage easiest 4LL module and in case of 3 or more correct answers (3, 4, 5, or
6) the 4" stage easy 4L module items;

e In 3M module if the number of correct answers is less than 3 (0, 1, or 2) an examinee will be
provided with the 4" stage easy 4L module and in case of 3 or more correct answers (3, 4, 5, or 6)
the 4" stage difficult 4H module items;

The Set Ordering Method for Scoring the Outcomes of 1-2-3-4 Multistage Model of Computerized Adaptive Testing
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e In 3H module if the number of correct answers is less than 4 (0, 1, 2, or 3) an examinee will be
provided with the 4 stage difficult 4H module and in case of 4 or more correct answer (4, 5, or 6)
the 4" stage most difficult module 4HH items.

V.

5.1 Ordering according to the S(n) criterion

MODEL

THE SET ORDERING METHOD FOR SCORING THE OUTCOMES OF THE 1-2-3-4

Let us discuss the first criterion from the initial article Razmadze et al. (2017, p. 1658, Formula (4)):

where R is a weighted sum of scores of correct answers and M is a weighted sum of scores of

incorrect answers.

The corresponding formulas for calculating R and M are given in the article Razmadze et al. (2017, p.
1657, Formulas (1) and (2)). Based on these formulas, in case of the 1-2-3-4 MST model, we will

obtain the following:

R=Cl+2*C2+3*C3+3*C4+4‘*C5+4‘*C6+5*C7+5*C8+6*C9+7*C10,
M:7*d1+6*d2+5*d3+5*d4+4*d5+4*d6+3*d7+3*d8+2*d9+d10,

S(n)=%, neN

where d, is a number of mistakes in i module, i = 1,10 .

The Formula (1), which should be used for outcome estimation, is now used in the ten-module case.
The structure of outcome set of the four-stage model discussed in this article is different from the one
discussed in the initial article by Razmadze et al. (2017, p. 1656). This means that the domain of a
function S(n) is different. Despite this, S(n) function will provide a complete ordering of set N

in the given case too.

The result is provided in Table 4, where c,, c,, ¢3, ¢, c5 C6 €5 s Coy €50 Values are given in the
columns B, C, D, E, F, G, H, 1, J, K, respectively. The values calculated using Formula (1) are shown
in column P. The data is sorted according to P column decreasing order. The table shows the first 10

(1),

London Journal of Research in Science: Natural and Formal

(left half) and last 10 (right half) testing outcomes’ estimation results.

Table 4: 1-2-3-4 Model’s Outcome Estimation by S (n) Criterion

B C D E F G H I
1 [4LL 3L 4L 2L 1M 2M  2H 4H
1 Cc2 €3 ¢4 5 «C6 C7F

- - - - - - -

1

J

K

3H 4HH

-

Cc8 (9 C10

-

P
s(n)
(4)

-l

2B 0@~ & koW
oW R R R R R R R
(L0 IE- - - WY Y- - . -

=
ra

L= ST = (= T I = = R I = R =

5
a4
5
3
5
4
2
5
5
4

117.00
55.00
37.00
34.33
28.00
26.00
24.00
22.60
21.00
21.00

B C D E F G H I 1 K P
1 4L 3L 4L 2L 1M 3M 2H  4H 3H 4HH S(n)
€1 C€2 (€3 C4 ¢ C6 C7F C8 C9 cC10 (4)

2 - - - - - - - - - - =
1463 1 o] 1 o 0.04
1464 o 2 o o 0.04
1465 o 0 o 1 0.04
1466 3 o] o o 0.03
1467 1 1 o o 0.03
1468 1] 0 1 1] 0.03
1469 2 1] o o Q.02
1470 o 1 o o 0.02
1471 1 o] o o 0.01
1472 o 0 o 0 0.00
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5.2 Ordering according to the F (n) criterion

Let us discuss the second criterion from the initial article Razmadze et al. (2017, p. 1658,
Formula (9)):

F(n):R*‘;‘, nenN (2),

where R is a weighted sum of scores of correct answers, A is an average complexity of incorrect answers
and ¢ - the number of mistakes.
The corresponding formulas for calculating R and A are given in the initial article by

Razmadze et al. (2017, p. 1657, Formulas (1) and (3)). Based on these formulas, in the case of the
1-2-3-4 MST model, we will obtain the following;:

R=c;+2%c;+3*xc3+3*c4+4*xc5+4*cg+5%c;, +5*%xcg+6%*ceg+ 7 *cq,
A_d1+2*d2+3*d3+3*d4+4*d5+4*d6+5*d7+5*d8+6*d9+7*d10
B 21— (i +cy+c3+ca+cs+cg+cy+cg+cg+cyp) ’

where d; — is a number of mistakes in i module, i = 1,10 .
Uu=21—-(ci+cy+c3+cy+cs+cg+cy+cg+cg+cig)-

The Formula (2), which should be used for outcome estimation, is now used in the ten-module case.
The structure of the outcome set of the four-stage model discussed in this article is different from the
one discussed in the initial article by Razmadze et al. (2017, p. 1656). This means that the domain of
a function F(n) is different. Although it is easy to check that despite this, F(n) function will provide a
complete ordering of set N in the given case too.

The results obtained by using F(n) criterion are shown in Table 5, where c,, ¢., ¢, ¢,, €5, Co, €55 €8, Coy Cro
values are given in the columns B, C, D, E, F, G, H, 1, J, K, respectively. The values calculated using

Formula (2) are shown in column Q. The data is sorted according to Q Column decreasing order. Table
5 shows the first 10 (left half) and the last 10 (right half) testing outcomes’ estimation results.

Table 5. 1-2-3-4 Model’s outcome estimation by F(n) criterion

B C D E F G H I J K Q

E C D E F G H I 1 K Q
140 3L 4| 2 | IM) 3M|OH | 4H | 3H |4HH| F(n) 14 3L 4L 2L 1M 3M 2H 4H 3H 4HH  F(n)
, €1 €2 €3 €4 5 €6 C7I €8 €9 C10 (9) 1 1 @ G ca (5 €6 €7 C8 €9 Cl0 (9)
- - - - hd - - A A At - 2 - - - - - - - - - - g
3 4 6 6 5 819.00 1453 1 0 0 0.52
4 4 6 6 4 T770.00 1464 i] 2 0 0 0.52
5 4 6 5 3 66600 1465 0 0O 0 1 0.47
& 4 5 6 5 560.00 466/ 3 0 0 0 0.44
7 3 6 6 > 452.00 1467 1 1 0 0 0.40
8 4 6 6 3 360.50 1468 0 0 1 0 0.36
g 4 6 5 4/ 338.00 1469 2 0 0 0 0.27
10 4 6 4 5 315.00 1470 0 1 0 0 0.25
11 4 5 6 4 315.00 1471 1 0 o 0 0.13
12 4 5 5 5 291.50 1472 0 0 0 o0 0.00
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Comparative analysis of Tables 4 and 5 shows different sequences of outcome sets after ordering
them. Thus, the creator of an automatized system of testing can choose the needed criterion on one’s
own. Furthermore, he can create a new, different criteria, which could be better suited to one’s own
requirements and assessments.

5.3 The final score of outcome

Now let us transform the points obtained in Tables 4 and 5 into integer numbers [0; 100] segment.
While ordering the data obtained by the first and the second criteria in Razmadze et al.’s (2017, pp.
1659, 1660) article, the point correction was performed. In case of the first criterion, the first 9o
points, and in case of the second criterion, the first 30 points. This felt somewhat artificial.

Now let us act differently. The criteria S(n) and F(n), used in Tables 4 and 5, have fulfilled their
mission and ordered the set of the testing outcomes N. The resulting points do not have essential
importance. They can be substituted by any decreasing sequence of 1470 numbers. The decreasing
order ensures to keep the ordering of the testing outcomes so that the better testing result
corresponds to the higher point.

It will be natural if we distribute the scores within the whole number segment [0; 100] using the
normal distribution:

_(x=w?

fO) = —=e 2 (3)

Table 6 illustrates the testing outcome scores with normal distribution for 1-2-3-4 MST model
ordered by F(n) criterion, where u = 65; ¢ = 25. The table shows the first 25 and the last 25
testing outcomes’ scores.
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Table 6: Testing outcomes for 1-2-3-4 MST model scores with a normal distribution

B ¢ D E F G H I J K w
14l 3L 4L 2L 1M 3M 2H 4H 3H 4HH  Fin)
€l €2 €3 €4 5 €6 C7 C8 C9 C10

2| [« [«] I+ [+ =] 0= 5] [e] [5] []Mermat
3 a 6 6§ 5 100
4 a 6 6 4 100
5 4 6 5 5 100
& a 5 6§ 5 100
7 3 6 6§ 5 100
g 4 6 6 3 100
g a 6 5 4 100
10 4 6 4 5 100
11 a 5 6 4 100
12 a 5 5 5 100
13 3 6 6§ 4 99
14 a 4 6§ 5 99
15 3 6 5 5 99
16 3 5 6§ 5 99
17 a 6 6 2 99
18 2 6 6§ 5 99
19 4 6 5 3 99
20 a 6 a4 4 99
21 4 5 6 3 99
22 a 5 5 4 99
23 3 6 6 3 98
24 4 5 4 5 98
25 a 4 6 4 98
26 3 6 5 4 98
27 4 4 5 5 98

The whole table graphically looks as follows (Fig. 3):

Score

120
100
80
60
40
20

75
149
223

297

—
~
o

wn
< -
< wn

N

~
X
(o)

B C D E F G H 1 J K w
1 (4L 3L 4L 2L 1M 3M 2H 4H 3H 4HH F(n)
€1 C2 C¢3 ¢4 ¢ Cp C7 C8 (9 C10

2| [-] [7] (=1 [=] [o] (o] (=] [l g Mermm=!
1448 3 1] 1 0 9
1449 2 2 0 0 9
1450 5 o 0 0 9
1451 1] 1] 1 1 8
1452 2 1] 0 1 8
1453 1 1 1 0 8
1454 3 1 0 0 7
1455 ] 1 0 1 7
1456 ] 1] 2 0 7
1457 2 1] 1 0 6
1458 1 2 0 0 6
1459 4 o 0 0 6
1460 1 1] 0 1 5
1461 o 1 1 0 3
1462 2 1 0 0 3
1463 1 1] 1 0 4
1464 ] 2 0 0 4
1465 1] 1] 0 1 3
1466 3 o 0 0 3
1467 1 1 0 0 2
1468 o 1] 1 0 2
1469 2 o 0 0 1
1470 o 1 0 0 1
1471 1 1] 0 0 0
1472 ] 1] 0 0 0
N o MMN N o NN
Re883o38RS

A oA -

Testing Outcome

Figure 3: Graph of 1-2-3-4 MST model testing outcomes’ score’s normal distribution

The fact of the point and times of usage is visible from the following graph (Fig. 4):
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Score Frequency
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1
7
13
19
25
31
7
3
9
5
1
7

Figure 4. Normal distribution of the testing outcome points

VI, CONCLUSION

The ordering method of the outcome set can be used in case of different testing procedures. The
obvious example of this is the realization of the method for multistage adaptive testing’s
(MST) 1-2-3-4 model, which is described in the presented paper.

The author of a test has no direct contact with this method and its specific nuances because the
realization of the method is a one-time procedure carried out during the computerized adaptive
testing portal formation.

The method does not require a detailed calibration of the item pool or preliminary testing of
examinees to create a calibration sample. The ordering method of outcome set is oriented on the test
author; it helps him avoid the problem of preliminary adaptation of test items for the examinee’s
knowledge level and simplifies the workload at maximum. Preliminary work for the test author might
only include the division of test items into several difficulty levels based on expert assessment.

In the situation where there is a lack of information about test item’s and examinee’s level, the
method maximally uses the existing information for an examinee estimation: it takes into account all
the answers to the questions provided to the examinee, and the set of received answers is compared
to all the possible variants and placed on a corresponding level in the estimation hierarchy.

The paper presents the usage of the ordering method of outcomes set for multistage adaptive testing
(MST) model as a sample. The method can be used for different modern testing models, but it is the
subject of further research.
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Dynamics of States with Non-Zero Moment in
Own Field

ONHAMUKA COCTOAHUM C HEHYTEBBIM MOMEHTOM B COBCTBEHHOM
MOJIE

A. S. Chikhachev

ABSTRACT

The paper studies a nonstationary self-consistent quantum system that intensively interacts
with its own field. At a non-zero moment, the psi function cannot be independent of the angles of
the spherical coordinate system. In this paper, a superposition of angular distributions is found,
leading to a spherically symmetric charge distribution for the whole value of the moment (I=1).

The paper defines the conditions under which in the case of half-integer values of the moment

1
l=5 the charge density distribution turns out to be spherically symmetric. In this case, a
self-consistent system can be described by a system of ordinary differential equations.

In the final section, a classical collisionless one-component system of charged particles
characterized by a nonzero moment is considered.

Keywords: schrodinger equation, orbital moment, nonstationary coordinates, kinetic equation.

AHHOTAUMNA

B pabome u3yuaemcs HeCcmMayuoHAPHASL CAMOCO2AACOBAHHAS KeaHmosas cucmema,
uHmMeHcuUsHO e3aumodelicmsyrwas ¢ cobcmeeHHbIM noaem. IIpu HeHy.nesomM MomeHme
ncu-PyHxyus He modcem Oblmb He3asucauwlell om Y2108 chepuyeckoll cucmemsbt koopouHam. B
pabome HalldeHa cynepno3uyus Ya108blX pacnpedeneHuil, npusodawas kK cdepuuecku

cummempuuHomy pacnpedeneruro 3apada npu yeaom anavequu momenma (! =1).
B pabome onpedeneHbvl ycaosus, npu KOmMOPbIX 8 CAYyUAe NOAYUEAbIX 3HAUEHUSX MOMeHMa

[ =t— pacnpedenenue narommocmu 3apsoda oxasvleaemcs cepurecku CUMMEMPUUHBLIM. B

N | —

2MOM cAyuae camoco21aco8aHHAs cucmema Moxcem Oblimb oOnNuUCaHa cucmemoil 00bIKHO8EHHbLX
JugpepeHuUANbHBIX YPABHEHULL.

B 3aKarndume/ibHOM pasae/le pacemompeHa Kaaccuveckas beccmokHo8UMEAbHAS
00HOKOMNOHEHMHAs  cucmema 3AapIICEHHBIX  Hacmuuy, xapakmepu3yemass  HeHY/1€8biM
MOMEHIMOM.

Kntoyessiecnoga:  ypaBHeHme IllpeguHrepa, OpOUTAJIbHBII MOMEHT, HeCTal[MOHAPHBIE
KOOPJAWHATHI.
| BBepenue

V3yyeHre HeCTAIIOHAPHBIX CUCTEM, HHTEHCUBHO B3aMMOJIEHCTBYIONIUX C COOCTBEHHBIM I0JIEM
IpeJicTaBysieT OOJIBIIION HHTEpeC KaK C HKCIEPUMEHTAJbHOM, TaK M C TEOPETUUYECKON TOUEK
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3peHus. OcoObIi WHTEpPEC NPECTABIsAET KBAHTOBOMEXaHUUYECKAs CHCTEMA, WCIOJIb3YIOIIast
HeCTallMOHAPHBIM TraMIIbTOHHAH. B Hacrosmei pabore OyZeT MCIIOIb30BAaH HECTAIMOHAPHBIN
raMuJIbTOHUAH, CIEAYIOIUA u3 pabor Memepckoro [1]. 9TOT raMWIbTOHUAH HCIIOJIb30BAaH B
pabore [2] mis pellleHHss KBAHTOBOMEXaHUYECKOW 3a/1aur. B paborax [3,4] pemanuch 3ajauu B
OJTHOMEPHOW KOHUTypanmuu © cpepuueckd CHMMETPUYHAS MpobsieMa TMpH HYJIEBOM
opbUTaIbPHOM MOMEHTE 1=0.

B mHacrosmeinn pabore tmipuBe/ieHO peleHue ypaBHeHusi IllpenwHrepa B chepuUyuecKUX
KOOp/IMHATAaX IIPU HEHYJIEBOM OPOUTAJIbHOM MOMEHTE, IIPUYEM PACCMOTPEHBI 33/1aUU C IETBIM
(I=1) u mosynenbiM OpOUTATTBHBIM MOMeEHTOM. Tak ’ke, Kak U B paboTax [3,4] TOUHOe pellieHre
CBOJIMTCS K CHCTeMe OOBIKHOBEHHBIX UM depeHITnaTbHBIX YPABHEHUH 4-TO MOPSIKA.

3aMeTHUM 3/1eCh, UTO UCIIOJIb3yeMbI HeCTAIlMOHAPHBIA TAMIJIBTOHHAH MOKET OBITh HCII0JIh30BAH
KaK /I KBaHTOBBIX, TaK WIS KJIACCUYECKHX cucreM. KuHeTHYecKoe YypaBHEHHE C
HCIIOJIb30BAHUEM  MOJIEJIBHOTO HECTAI[MOHAPHOTO TaMIJIBTOHUAHA, BIIEPBBIE, IIO-BHANMOMY,
chopmynmpoBano B pabore [5]. B  gaspHedmeM — AWHAMHKA ~— HECTAIIMOHAPHBIX
CaMOCOIJIACOBAaHHBIX CHCTEM B IUJIOCKOM wucdepUueckoll reoMeTpuu HU3y4YayJnch B paboTrax

[61,[7]1,[8].

CocmosaHusa ¢ momenmom l=1

CocTrosiHEE KBAHTOBOU CHUCTEMBI C HEHYJIEBBIM MOMEHTOM B IIEHTPAJIBHOM I10JI€ OIHCHIBAETCS
ypaBHeHueM lllpenunrepa:

oV WY 20Y L
h—=—(—+=——=V¥)+U(r,0)¥(r,?), 1.1
ot 2m(6r2 ror 1 ) (¥
371eCh
2
L= : isiné?i+%a—2-
sin@ 060 00 sin“ 0 op
ITostoxxum
¥(7.0) =p ()Y (.6)
IIpu sTom

LY =-LY

5

e L= (l + 1) -KBaJpaT nosHOro momeHta. Ilpm L#(0 B ypaBHEHHUU IIPUCYTCTBYIOT
IIPOM3BOJIHbIE TI0 YIJIOBBIM II€pEMEHHBIM, YTO O3HA4aeT OTCYyTCTBHE cepruuecKod CUMMeTpUU
M3y4aeMoOro COCTOSIHUsI, YTO SBJISETCS CYIIECTBEHHBIM OOCTOATEJLCTBOM JUJISI CHCTEM C
COOCTBEHHBIM ITOJIEM.

PaccmoTpuM, fastee, crydaii, korna L =1 (l + 1) U BBeZieM (YHKIMIO V| IOCpesCTBOM PaBeHCTBA

w(r,t) =y, (r,t)r', npudem Gy/eM U3yUaTh HECTAMOHAPHYIO CHCTEMY, OIIMCHIBAEMYIO

1 r
MMOTEHIINAJIOM BHZA: 2 U %),
HOJTyYUM:
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B caydae /=1 YIVIOBYIO 4acTh l'ICI/I-(l)y'HKI_II/II/I MOZKHO paccMaTpuBaThb KaK COCTOAHNE CO CIIMHOM

Y
Y =47,

eIMHUIIA, OIIUCHIBAEMOE CTOJIOIOM Y, , COOTBETCTBEHHO Y+ -3TO CTPOKA (Y:,Y;,Y;).
ITosoxxum

I . . 1 . .
Y, = ﬁsm 0 exp(ig), Y, =cos0,Y; = Esm Oexp(—i¢). IIpu TakoM BHIGOpEe IIpeCTABIICHHs

M. =Y'MY=0M =Y"MY = L §in20.cos $.M, =Y"M)Y = L §in20sin 9,

V2 V2

a IUIOTHOCTH 3apsAza, OIpezeiaeMas IpoussezienreM Y'Y, He 3aBHCHUT OT yIJIOB: Y'Y =1,
B sTOM citydae ypaBHEHHE /IS TIOTEHITHAIa MOXKHO 3aIHCaTh B BUIE:

1 1 d ,dU _

1
2 2

=P —K.p |y [ —
§4 p2 dp dp 54 1.7

31ech K. -koHcTaHTa cBs3U. IlostoskuM, jgasiee, v = R(p)exp(i0(p)). [Tomyyum cucremy
ypaBHEHHUI:

__h_z " _ 2 i ' _ mp2 8
ER= 2m(R RO +pR)+R(U S ), 1.
——2( R’9’+R0”+iR9’)+i= 1.9
2m P 4z,

Bmecto P BBeseM mepeMeHHyIo s: p =Iys, [} =ht,/m O603HaAYUM

y=0'1,V(s)= %(U — E). Torpa cucrema npuHUMAaeT BUJL:

R"—Ry’ AR V(s)R-s’R, 110
s
! / 4
2Ry+Ry'+—Ry=R 1.11
s
2
d IZ/ gd—VI—K'OSsz. 1.12
ds~ s ds

MozkHO nepemnucath (1.11) B BUJE: (Rzys“)' = R%*s*, a(1.12)-B Buze
d ,d , dv

— ' —V(s)=K,R’s* =—x,(R’s*y). Torna s*—=-k,R*ys*+C,. Tlonaras C, =0
ds ds ds

IIOJIYyYUM YpAaBHEHUE!
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— =—k,R*ys’. 1.13
ds ot
YpaBHenue(1.10) yo0HO mepenucaTh B BU/JIE:
R_+4_R:V+y2_sz, 1.14
R =
a (1.11)-
: 4
y =-2y———Ry+R. 1.15
R s
T.e. umeem cucremy (1.13)-(1.15).
1604
1414HH]
1240}
1(MNM}H
SO 1|
MM}
MM} |
P LIS
3 05 T ety 2 25 3
—DIMM}- 1

Puc. 1. 3 aBucumocth notennmaina (I) u mnorHoctH 3apsaaa (1) oT aBToOMOIEe/IPHOMT
IIeEpeMEeHHOH S.

London Journal of Research in Science: Natural and Formal

Puc. 2: 3aBUCHMOCTH Y (S).

Ha pucynkax 1 u 2 n300pakeHbl pe3y/IbTaThl peneHus cucteMsl (1.13), (1.14) u (1.15). B kauecTBe
HAYaJIbHBIX YCJIOBUH HCIIOJIb30BAJINCh COOTHOIIIEHUS: R(0)=10,R'(0)=0,V(0)=100,y(0)=0.

[Mosmarasiocb Kk, =1 3aBucumocts y(S) XapakTepusyeTcs HaJIAYUEM PE3KUX U Y3KUX
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MaKCHUMYMOB, ILUIOTHOCTHh 3apsjia OBICTPO OCHWJLIUPYEeT W CTPEMHUTCSA K HYJII0, a MOTEHIIHAJ
yObIBaeT MOHOTOHHO.

Cocmosanusa c momenmom [ =1/2

B otmumre oT mpesbUIYINEro pas/iesia pacCMOTPHUM, asee, ciayda, korma L =3/4 (1=1/2). Kak u

B IIPEJIBIZIYIIIEM CIIyYae MOJI0KUM ‘{’(;9, H=y(r,1)Y(0,0).

Benem ¢yHkIuio Y, MOCpPeACTBOM pPaBEHCTBA l//(}",l‘)=l//l(l",t)\/;, IIpencraBum Takxke U
MOTEHIMAJI B BHAE NpoU3BeAeHUs (QYHKIUU OT VYIJIOB Ha QYHKIUIO OT pajuyca:

U (,E’ 1) =A0,0)U (i’,f)-. B pmanpHelimem OyAayT oOIpefesieHbl YCJIOBHA, IIPU KOTOPBIX
A(O, @) = const.

ITonyuum:
L0 n 0° 30
i = (SR 2 ) S (),
ot 2m - or" r Or f(t) 40
2.1
J' dt' o= l”
2 b
BBejieM HOBBIE ITIepEMEHHBIE: () ‘5 ,
Torza (2.1) MPUBOIUTCS K BULY:
L (O, E oy o’y 3oy
in(—L p=—L - L) U T
( gap) 2m(8,0 P L) Upy p 2.0
512 im Cf 2
Beezewm, nnee, y,, nonoxus y, =y,A/E77, Toe A=exp(ﬁgp )
Ilonyuum:
.0 Oy, 30 2 ih &
sz_ ( l//2 l/lz)"‘Upl//z pTA= oL l//2+_£'//2 2.3
87] 2¢
[InoTHOCTD 3apsna umeer Bus: ( =| P |2 =y, |2 plY |2 /g“,
rie Y yZIOBJIETBOPSIET YPaBHEHUIO:
1 Y 1 Y
- 0 96—+§Y 5 0 > = 2.4
sin@ 69 00 4 sin” 0 0@
. 9 0
BMmecTo nepemeHHOU BBEeJEM 1 = In| tan 5 . TOTJla ypaBHEHNe IPpUHUMAET BU/:
o’Y oY 3
Cl’lzn( 3 +—2)=——Y. 2.5

on- 0@ 4
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Jlanee Oy/1leM yYUTHIBaTh CIIMHOPHBIN XapakTep Y -GyHKIUY U IPEACTaBIATh ¥ B BUZE CTOJIONIA

exp (i / 2))}

Y =yQn)/2
) (exp(—i(p/2

COOTBETCTBEHHO Y+ -3TO cTpoka Y  =./Q(n)/2 (exp(—icp /2),exp(ip / 2)). [Tpoeknuy MOMeHTa
Ha OCH KOOpJAWHAT UMEIOT BU:

M,=Y"cY=Qcosp,M =Y"cY=-Qsinp,M,=Y"c.Y=0.

3aBUCUMOCTh IIJIOTHOCTH OT YIJIOB OIIpefiesisieTcsl IIPOU3BEleHHEeM Yy+*y U IPHU BHIOpaHHOM

TIpeZiCTaBJIeHNH He 3aBUCHT oTymIa @ Y'Y =Q(n).

IIpencraBum noreHIUanl B BUJle NIpOU3BeeHUA QYHKIUU OT pajuyca Ha PYHKIUIO OT YIJIOBBIX

IIEPEMEHHDIX, a IIOCKOJIbKY IIJIOTHOCTD 3apAda HE 3aBUCUT OT (¢, moTeHMaJI TAKKE He 3aBUCUT OT

@:V=AM)U(p). Ucnonpays nepeMeHHyI0 1] BMeCTO @ MOJTyIHM:

AM)———p d_772 2,6

1 d 2dU(p)+U(p)ch2(n)(d2Aj:Q.
p*dp~ dp = p’

o 2
3pecy Q -IOTHOCTD 3apsAza. B ciyuae B3aumopeiictsus ¢ coberseHHbM otem O =—p |V |, u
- KOHCTAHTaA CBA3U.

[ToHOE OTAEIeHNE QYHKITUH pauyca OT (PYHKIIUH yTJIa MOXKET OBITh IOCTUTHYTO, €CITU

dZA) “VA (v -KOHCTaHTa) U () = A. 13 (2.5) MOKHO IIOJIYYUTb:

BHITIOJTHEHHI yeoBus: ch’(n) >

ch?m(2Q'Q-Q7 -Q*) =30 2.7

2
Hckiarouas U3 3TUX COOTHOIIIEHUH ch (n) IIOJIYYUM YPABHEHHE!

Q"Q2v +3)=v(Q? +Q%).
Jto YpaBHEHHE UMEET MHTETPaJI:
2v
3 v
C=Q23(Q°-——Q° 2.8
! ( v+3 ) (2.8)

v+3

Beenem pynknuio S(n) = Q2v+3_ Torma BeIpaXKeHHe /I HHTerpaia IPUHUMAET BHJI;:

_(2v+3 N V@
C'_(v+3S) v+3S’

Dynamics of States with Non-Zero Moment in Own Field
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3
3 5TOTO COOTHOIIEHUS CJIEYET, YTO IPH V = - S =const. B TO ke Bpems npu
v=-3/2 Q=1 py, (2.6) cmemyet ypaBHEHUE:

Li/fd_U_gﬂ__K v, P p 5
p dp” dp 2p° VT 9

B ypaBHeHuu (2.3) caesaeM 3aMeHy:

v =exp(- ORGP expli0 o) 2.10

rie E - jeiicrButesnbHas BenuuuHa, R(p),0(p), -medicrBuresbHble GyHKIMU. [10710KUB

S

1
= =const =——, TOJIyYUM:

g 27,

i’ 3 Amp®
ER=—E(R"—R9’2+;R’)+R(U +%) 2.11

I/ 3 h
-~ (2RO +RO"+=RO)+—R =0.

2m P 4t 2.12
|2

Ypasuerue (2.9) (¢ samenoit |V, ma R?* u (2.11) u (2.12) 00pasylT 3aMKHYTyIO CHCTEMY,

OIMCHIBAIOIIYI0 HECTAI[MOHAPHYIO AMHAMHKY. BMmecro P BBeneM GespasmepHyio mepeMeHHYIO

2h7, . O603HAYUM

sip=1ls, 17 =

v =109',V=—4T°(U_E) K = K, =ﬂ(—2hf°)2.
hi hi m

Torpa cucrema NpUHUMAET BU/:

R R+ 2K ()~ )R, 213
S
2R'y+R ’+§R =R
y y s y_ ’ 2.14
A’V 2dv 3V(s) )
= =—K,sR”.
ds® sds 2 s’ : 2.15.

dv
Yno6Ho, nanee, BBectTu pyHKIUIO W(s) = d— . YpaBHeHUE (2.14) MOXKHO IPEICTaBUTH B BUJIE:
s.

(R’s’y) =R’s’. Torza (2.15) IPUBOAUTCA K BHAY:

Dynamics of States with Non-Zero Moment in Own Field
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s %—%W(S) =1, R*s’y(s) + C.. 2.16
[To-Bumumomy, cucrema (2.13), (2.14), (2.16) He UMeeT pellleHuUs1, peryJisipHOro B Hyse. Ha Puc.3.
IpUBENEHbl  pElIeHHs, WCIONB3YIOIHe KpaeBble yciaoBusa mpu S = L. [Tomaramock
C.=0,W(1)=-100,W'1)=0,R'(0)=0,y(1)=0,R(1)=10,x, =1  Pemenue  xapaxrepusyercs
KoJiebaTeIbHBIM TOBeieHHeM (YHKIUU y(S) 1 MOHOTOHHBIM yOBIBAaHHUEM IOTEHIIHAIA U POCTOM

TIOJTHOTO 3apsizia BHyTpH cdepbl paguyca s. HauanpHas Touka cuera moJjarajgach S, = 0.9. TIpu
s <0.002 pelieHne He OIPELEsIEHO.

Puc.3: Kpuas [-3aBUCUMOCTD IIOJIHOTO 3aps/ia BHyTpU cephl paguyca s OT S, KpUBast
II-morenmuan, kpusas I11-3aBucumocTs y(s).

1

CocmosaHus ¢ MOMEHMoOM | = ——

2

B oTsiMume OT OpeJbIAYIIero pasziesia pacCMOTPHUM, ajlee, caydai, korga L = 2 (l=—2).

London Journal of Research in Science: Natural and Formal

Kak u B mpexpiaymem ciaydae nonoxum — W(F,0)=y(r,t)Y(0,p). Beemem dynkumo y,

IIOCPE/ICTBOM PaBEHCTBA l//(?',t)=l//1(l’,l‘)/\/;, IIpUYeM TMOTEHIHAJl TaK)Ke IIPEJICTABUM B BHJE

IPOU3BEZEHUs (PYHKIUH OT YIJIOB Ha PYHKIUIO OT r,t: A(0,0)U (QJL

>
ITosyunm: S
el 0y, 1oy
L= (A2 0),
o 2m(6r2 p ar) £ u( (z))‘”‘(r ) 3.1
BBe/ieM HOBbIE TIEpEMEHHbIE: T = Id—t, p= L
' &
Torpga (3.1) IpUBOAUTCA K BULY:
L(OW & oy o’ v, 1 81//
(2L p2 27 ) - T 2 L)+U L, T)A. 3-2
(Gr=ri5) =5 ( oUW (D)
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Beeniem, sutee, Vs, monoxkus  y, =y,A/EY?. Tonyanm:

\begin{equation}
L oW O’y 1 81,// mp’ ih &
ih—"—%=—— 24+ 2)+U ,T)A — +—2,. .
A 2m(ap >0 ) (P, (p,7) 872 Vot éwz 3.3
2 2
Y
IInoTHOCTH 3apsaaa umeer Buy: Q=W = M, rae Y ynoBierBopsier ypaBHEHUIO:
\ P
2
sin O 89 00 4 sin” 0 O¢ ’
0
n=In|tan| — ||,
Bmecro nepemensoii ¢ Beemem 2 TOT/Ia ypaBHEHUE IPUHUMAET BUJ:\
2 2
(S )=y,
dp~~ 4 3.5

Jlasee GyzieM y9UTHIBATH CIIMHOPHBIH XapakTep Y — (GYHKIUY U IPE/CTABIATh ! B BHE

crosibna: Yy = /Q( )/2 {exp zqo/2)J

exp(—ip/2) )

COOTBETCTBEHHO Y* 3TO CTpOKa Yt = VQ(n) /2 (exp(—i(p /2),exp(ip/ 2))- 3aBHCHMOCTD

N
IUIOTHOCTH OT YIJIOB OIpejesiAeTcsa npoussenenueM ! ! u mpu BEIGPAHHOM IIPe/ICTABICHUH He
3aBucHT OT yria @ : Y'Y =Q(n). IlpeacraBum MOTEHIMAA B BUZE MIPOU3BEAEHUA QYHKIIUU OT

pazuyca Ha (PyHKIUIO OT YTJIOBBIX II€PEMEHHBIX, & IIOCKOJIbKY IIJIOTHOCTD 3apsA/ia He 3aBUCUT OT

?> norennman Taxke ne sasucur or @:V =AM)U(p). Ncnonbays mepeMeHHYI 7] BMECTO @
HOJIyIHM:

1 d ,dU(p) U(P) 3,6
AP ch (n)( ) 0.

o _ 2
3necy O -mI0THOCTH 3apsAna. B cayuae BzanmoseiicTsus ¢ coberpennsv moem @ =—p | Y[, p
- KOHCTaHTa cBA3U. [loyiHOe oT/eieHne GYHKIMHU paguyca OT GYHKIIUU YIJIa MOXKeT ObITh

JIOCTUTHYTO, €CJTH BHITIOJIHEHBI YCIOBUA: ch (17 Q=A. 113(3.5)
MOZKHO ITIOJIY4YUTb:
C}]Z(ﬂ)(zQ"Q_QIZ _QZ) ZQZ_ 3'7
Dynamics of States with Non-Zero Moment in Own Field
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Vckiiouas U3 5TUX COOTHOLIEHUH ch’(n) MOIyYMM ypaBHEHHE:

" _ 12 2
Q'OQ2v-1)=v(Q?+Q7). 2.8

v+l

2v
910 ypaBHeHue nmeet uHTerpan: C, =Q ! (Q'z " QZ) BBeniem onpenenenne § = Q2v-1,
v p—

( —2v+ l)
Torpa 1 " U3 3TOTO COOTHOIIIEHUsA TIpU Y =1/2 CJIeyeT,YTO

_ _ Q0 _
§ = const, a Q=5 =1, Taroke orciona caenyer A =1 yuro pacnpenenenue mwioTHOCTH 3apszaa
ABJIAETCA C(I)epI/I‘-IeCKI/I CI/IMMeTpI/I‘-IHI)IM.
U3 (3.6) cnexyer ypaBHEHUE:
1 d ,dU 1U lw, [*
S Pt 3.9

p dp  dp 2p P

B ypaBHeHuu (3.3) ciesaeM 3aMeHy:

ikt .
v,= (- )R i0 p 3.10
I'ne E - neiicrBurenpHas Besmunza, R(p),0(p) -meiicrBurensuble GyHkuum. [Tomoxus

= =const = 2— > IIOJIy4UM CUCTEMY:

To
2 2
ER=—h—[R" R0'2+lR'j+R[U+’1’"”] 3.11
2m Yo 2
2
S R'9'+R9"+1R9')+1R=
2m P 4z, 3.12

VYpaBuene (3.9) (c 3ameHOU lw, |2 ma R’ u (3.11) m (3.12) 06pa3ywT 3aMKHYTYIO CHCTEMY,

ONMCHIBAIOIIYI0  HECTAIlMOHAPHYI0 JMHAMHUKY. BmecTo P Bemem 06e3pa3MepHyI0 IepeMeHHYIO

2ht,
s:p=1Is,1; ==—. O6o3HaUNM
y=10.V = 47,(U~-E) =K :ﬂ(ﬂzro)z.
h h m
Torza cucrema npuHUMAET BUI;
" 2 R’ 2
R'"—Ry"+—=(W(s)—s")R, 3.13
s
I ’ 1

2Ry+Ry +;Ry:R, 3.14

Dynamics of States with Non-Zero Moment in Own Field
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A’V 2dv 1V(s) R’
—t—— =K —. 3.15
ds sds 2 s s

IIpu pelreHuH 5TOM CHCTEMBI IIOJIATaNoch J(s) = sV,(s) U UCIOIb30BAHBI IPAHIYHbIE YCIOBUA:
R(0)=1,R'(0)=0,y(0)=0,7,(0)=0,V;(0)=-2/5. [Ina ToOJy4eHHs DETyJApHOTO B HyJe
pelnieHus HeoOX0AUMO HMCIOIb30BATh PABEHCTBO 5/ 2V (0) =—K,R*(0) OTmMerHM, 4TO Ha pHC.4

MOKHO BHJIETH, UTO MoTeHIHasI (kpuBas 1) u mosHbIi 3apsaa (kpusas 11) MeaieHHO U3MEHSIOTCS,
toraa Kak y(s) (kpusast III) kosrebsreTcst OTHOCUTETBHO JTUHEWHO pacTyInell QYHKITUHU.

Puc.4: 3aBucumoctu noteHnuasna (1), mosuaoro 3apsgaa (1) u pyHKIUM y OT S
Kunernueckas Mmoziesib cpepruyecKy CHMMETPUYHOU CUCTEMBI 3apsI0B

HeCTaHHOHaprIﬁ TraMHWJIbTOHHUAH C(i)epI/I‘—IeCKI/I CHMMGTpH‘-IHOﬁ CHUCTEMBI TOYEYHBIX 3apAJ0B
HuMeeT BU/:

2
H=Ly - 7t 21 ; 1
2m 2mr® EX(0) \E@D) 4-

3x1ecs p, =mr ,L— KBa/[paT IMOJTHOTO MOMEHTA KOJIMYECTBa JBUKEHUsI, B KJIaCCHIECKOH 3aj1aue

A .
L >0, &(¢) - BcnomorarenbHas GyHKIMA, yAOBICTBOPAIOIIAS YPAaBHEHUIO & = 5—3, -
-KOHCTaHTa. Vcrmosb3ysl BeIpaskeHue 1A TaMIJIbTOHHAHA, MOKHO TIOJIyYUTh BBIPAsKEHUE s
MHBapHAHTAa:
2 2
m, . r Amr L
I=—(ré —r§)2 +U| — +——2+—§—2.
2 E(t) 2 & 2mr 4.2

PaccmoTpuMm ypaBHeHUME s &) noapobOHee. V13 Hero cieayer:
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Volume 23 | Issue 17 | Compilation 1.0 © 2023 Great Britain Journal Press



A A

e2 g2
E &5 =—=+ —- Jlanee GyzeM mosiaraTb A = ——, @ BMECTO { BBEZEM IIEPEMEHHYIO

&? S 47,

¢ drt, ﬁ: g2 1 2 1
_J.Oé(t')z' Homyanm ~ ié\/(éo 41_3502)5 +4T§

B nanpHeiileM paccMaTpUBaeTCs CIydau, Korza 502 - =0. IIpu sTom

41,8,
2, ! 5
W)= & * - &(r)=&,e . IlopcraBuM B (4.2) mepeMeHHyl0 © BMecTo ! U BBesmeM
0

r
nepemenHyio P =7+ Torja uaBapuant ! mpuBOAUTCA K BUJY, AHATOTHIHOMY
raMuJIbTOHUAHY:

m. m
1=5102+U(p)—8 TPt —. 4.3

7, 2mp

B (4.3) Touka 03HaAYaEeT MPOU3BOAHYIO IO T .
+ o
MosxHo, /jajiee, IOCTPOUTH UHTerpasn J;, CONpsDKeHHBIH ¢ | PacecMoOTpuM BbIpaskeHUe:

, 2 ~ mp” L
dp'o(=(I-U(p')+2P =)
P m 8t m°p

0

J, =—T+Ip0

4.4
2 . mp” L
Sq-Upphy+ P
\/m( (k) 87’ mzp'2)

0

3neck o(x) - dynkuua Xesucaiima, P > pPy,P, -CTapToBasg TOUKA YACTUIBI. BhIosHEHHE

4y

PaBeHCTBA j;  SABJIAETCA OUEBUHBIM, €CJIU YACTHUIIbI IBUKYTCA OT IeHTpa. llpu aBuKeHun
K IIEHTPY 3HaK Mepe] HHTETPAJIOM JIOJIKEH ObITh U3MEHEH.

London Journal of Research in Science: Natural and Formal

IInoTHOCTB YacTuly BhIpakaeTcs UHTerpajioM B (pa30BOM IPOCTPAHCTBeE:

n= dqf(l,J,,L). 4.5

AeMeHT (a30BOro MpOCTPAHCTBA IIPE/ICTAaBUM B BHU/lE:

am
' dg = mdi dl : _, _ dL :
2 T M
~({U-U)-A1— - -
f\/m( ) £ mr? 2\

dq =dq,dq,dq,, dq,= snd’

Ycpennenve no M, HPUBOAUT K BHIPAKEHMUIO:

Dynamics of States with Non-Zero Moment in Own Field
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dldLf I, L,J,)c:(g (I-0U) —/1;)

2r g\/2(1_U) lﬁ_ sz
m & m’r

n=

B nepemennbix: P,T

ypaBHeHue [lyaccoHa npuHUMAaeT BU/;
dldLf(l,L,J )G(E(I—U)—Aﬁ)
11d2dU _ 4ne’ T m ’

‘(o)yp*dp dp vp \/—(I—U(p))—/lf—?
m mp

OyHKIMSA pacupesesieHus JI0JKHA COJlep:KaTh MHOXKUTENb, SKCIIOHEHITUATIHLHO 3aBUCIIUHN OT J, .
ITonmoxum:
1
f=RSU=1)5(L~Ly)expt-5—J}.

Ty

T o
Ecu BBINOJIHEHO ycsioBue & exp [—J =&, , To B ypaBHeHue Ilyaccona B kauecTBe HE3aBUCUMOMN
0

“ t
TIepPEMEHHOM BXOAUT TOJIbKO P- Taxum obpasom, &(r) = (SOZ ——. .Obo3uaunm, majee,
T

Uz=%s= Io} e 2U /- L ()z_[ ds'c(1—y(s") +s"* — l/s’z)
' 0 \/l y(s)—1/s"

’ 27 2.2 4
m 27,0, mo, dm’z,v,

Torpma us3 ypasuenus Ilyaccona cienyer:

d ,d 1- +57 -1
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Puc. 5. 3 aBucuMocTb noteHnuana y(s) (I), mosHoro 3apsaaa BHyTpu cdepsl paauyca s (II) u
dyukun u(s) (I11)

Il 3AKJTIOYEHUNE

Takum o6pa3oM, B paboTe HaiileHbl 4YacTHblEe peIleHUs MOJIeJIbHBIX  HeCTallMOHAPHBIX
KBAaHTOBOMEXaHUUYECKUX 3aJla4, XapaKTepusyeMbIX HeHyJIeBBIM MoMeHTOM. Ilokasana
BO3MOKHOCTh IIOCTPOEHUS TCU-PYHKIUM, TMPUBOAAIIENH K chepuueckd CUMMETPUYHOU

1

IIVIOTHOCTHU 3apAaa IIpHu I=1. HpI/I l: +— IIOJIYYE€HBI YaCTHbIE€ DEIICHHA, IIPHU KOTOPBIX TAKXKE
IVIOTHOCTh 3apAJa He 3aBHCUT OT YIJVIOB. PerteHne KUHETHUYECKOU 3a4a4Yu IIOKa3bIBAET
BO3MOZKHOCTDH CYIIIECTBOBAHHUA CI'yCTKA C KOHEUYHBIM 3HAUYE€HHUEM 3apAaa IIpu OOJIBIINX 3HAUEHUAX
aBTOMO/IEJTbHOM TTIepEMEHHOM.
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administered questionnaire to the participants which was analyzed using the Structural Equation
Model (SEM) with the help of SPSS and AMOS. It was found that teacher student relationship had no
significant effect on students’ mathematics performance. Instructional quality and teacher
self-efficacy on the other hand had significant positive effects on students’ mathematics performance.
Also, it was found that student mathematics interest did not mediate the relationship between teacher
student relationship and mathematics performance. Similarly, mathematics interest played no
mediating role in the relationship between instructional quality and mathematics performance.
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. INTRODUCTION

In the last decade or two, research in the area of student mathematics performance has intensified
across the globe. Prominent among them are the Trends in Science and Mathematics Studies (TIMSS)
and Program for International Student Assessment (PISA). Studies have revealed that mathematics
application is in all facets of human endeavors and the knowledge of mathematics has the impetus to
make an individual critical in thinking, innovative and problem solving oriented. Modern studies have
revealed that school mathematics can improve one’s communication skills, liberate learners from
oppression towards social justice and promote democratic values like leadership qualities, loyalty, and
tolerance aimed at promoting peace and tranquility for national development. However, achieving this
feat depends on many other factors like, Instructor quality, teacher-student relationship, teacher
self-efficacy and student interest.
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[l INSTRUCTIONAL QUALITY AND STUDENTS PERFORMANCE

Instructor quality refers to tutoring strategies that meet students' demands for autonomy (a sense of
self-determination and freedom from control), competence, and relatedness - a sense of belongingness
(Williams & Sembiante, 2022). According to Dupuis et al., (2020) highly effective instruction enable
both long-term and short-term intellectual learning changes in learners. Consequently, in every
educational context, teacher quality is the most contentious aspect of advancing student achievement
and eliminating achievement gaps (Hachfeld & Lazarides, 2021). Quality instruction motivate students
to learn and students who are motivated to learn mathematics attend all mathematics lessons, follow
lessons attentively, participate in group discussions, learn extremely to achieve their goals, receive
higher grades, are eager to learn at school, recognize the importance of mathematics in other subjects,
and are eager to learn (Affuso et al., 2022).

Multiple studies have indicated that characteristics such as instructors' cognitive ability, subject matter
expertise, teaching and learning knowledge, and classroom teaching behaviours are associated with
improved student accomplishment (Khodarahmi et al., 2022). In fact, some data suggests that teacher
instructional approaches influence student mathematical achievement more than any other variable
(McKinney & Frazier, 2008). Unlike some other variables, such as gender, race, and socioeconomic
status (SES), teacher instructional practices are controlled at the local school level and can thus be
modified.

. TEACHER STUDENT RELATIONSHIP AND STUDENTS' PERFORMANCE

Personal characteristics related to responsiveness to student requests and the teaching environment,
resilience at school, self-reflection, resourceful ness, and the development of positive relationships are
regarded as essential components of the emotional work required of teachers in their classroom
practice (Amorim Neto et al., 2022). Since, in a conducive classroom where students are encouraged to
ask questions and take risks, they are more inclined to seek assistance when they experience challenges
(Awoniyi & Butakor, 2021). This social contact, which is an essential component of student- centered
teaching techniques, plays a crucial role in problem solving. Through the implementation of
student-centered teaching approaches that foster inquiry-based learning, students are afforded
opportunity to share their own opinions and strategies with their peers when confronted with
difficulties located in real-world contexts (Amoako Atta & Asiedu-Addo, 2021). Since, student-centred
instructional practises do not pit students against one another in a competitive environment,
student-to-student and student- initiated student-to-teacher interactions become the norm in the
classroom (Lerkkanen et al., 2016; Muhonen et al., 2016). In student- centered classrooms, students
are more likely to share their ideas and learning practises to both their classmates and teachers since
they do not fear being embarrassed or criticized for making a mistake (Muhonen et al., 2016).

According to Vygotsky (1978) cited in (Lasmawan & Budiarta, 2020), there are learners who can
perform thinking and problem-solving abilities independently, learners who can perform thinking and
problem-solving abilities with assistance, and learners who cannot perform thinking and
problem-solving abilities with assistance. A classroom environment that encourages students to
collaborate with their peers and exposes them to multiple approaches during problem-solving
situations is associated with higher mathematics achievement (Atta & Brantuo, 2021). The interaction
process in class cannot be separated from the learning process. Interaction is part of a person's
endeavour to comprehend something. In light of the significance of teacher-student interactions in
mathematics learning, it is vital to identify the relationships that must be constructed between teachers
and students. The kinds of healthy teacher-student contact must be understood and fostered by the
instructor in order to improve student learning.
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Huinker, (2018) observed that the NCTM in 2014 suggested in the United States that teachers should
assist students in mastering mathematics through dialogue, creative tools, and past knowledge and
experience. The national curriculum of Ghana is centered on fostering an atmosphere conducive to
problem-solving, communication, and mathematical thinking among students (NaCCA, MOE, 2019).
The connection between teachers and students is the focal point of classroom instruction and a crucial
component in enhancing teaching quality and student progress. Therefore, a good teacher- student
relationship provides an environment conducive to learning.

V. TEACHER SELF-EFFICACY AND STUDENTS PERFORMANCE

Self-efficacy is the confidence in one's ability to attain the necessary levels of learning and behaviour
(Bandura, 1977) cited in (Abdullah & Ahmed, 2022). Self-efficacy is the belief that one is capable of
doing a task; it is considerably distinct from knowing what to do. It is the evaluation of an individual's
self-efficacy, skills, and capacities, as well as their transformation into behaviour. Self-efficacy therefore
is an individual's belief in their ability to implement a set of actions and accomplish a set of objectives.
The actions include managing physical behaviour and cognitive and emotional states (Bandura, 1997).
In student-centered education, teachers share authority with students, and students are expected to
participate as co-investigators in mathematics learning communities. Innovative classrooms can be
intimidating for teachers accustomed to teacher-centered practices (Khodarahmi et al., 2022),
however, teachers with a strong sense of self-efficacy are more likely to use innovative approaches.

Numerous studies have found that teachers with high self-efficacy beliefs exert more effort in the
classroom, are more willing to engage in the learning-teaching process, are more successful in the
selection of methods and techniques, and, in general, are more effective in implementing the
curriculum (Affuso et al.,, 2022; Ahmed et al.,, 2022; Akman, 2021; Woodcock & Faith, 2021).
Therefore, a teacher with a high self-efficacy belief is more enthusiastic in the classroom, plans more
efficiently.

V. MEDIATING ROLE OF STUDENT MATHEMATICAL INTEREST

According to Ainley (2006), as cited in (Wong & Wong, 2019a), interest is an emotional state that
describes how a person feels when they are learning. In this study, interest is operationally defined as
the way students feel when they are engaged in learning math and enjoy the process of learning. It's
important to look at the student's interest, attitude, and motivation to learn mathematics because these
are the things that might make students want to do better in mathematics classes. Hashim et al., (2021)
found that a student's interest in mathematics affected how they felt about learning. Asante (2012) for
instance says that male and female students are interested in mathematics in different ways, and the
school, the environment, the beliefs and attitudes of the teachers, the way they teach, and the opinions
of the parents were all looked as factors that affect how students feel about mathematics. It is
collaborative learning, learning through games, and other strategic methods that can be used to get
learners interested in and excited about learning mathematics.

(Langat, 2015) for instance, conducted a survey in Kenya and discovered that the majority of students
who perform well had positive attitudes toward mathematics. Similarly, (de Vera et al., 2022; Peteros,
2022) concluded that students' views toward mathematics have a greater influence on their academic
performance. Attitude toward mathematics has been broken down into multiple components,
according to the research. For instance, Davadas and Lay (2017) posited motivation, enjoyment, and
self-confidence. Researchers in the Trends in International Mathematics and Science Study (TIMSS)
did a similar analysis, focusing on three aspects of students' mindsets toward mathematics (Martin et
al., 2020) students' love of mathematics, the importance of mathematics, and their confidence in
mathematics. In conclusion, while many researchers may have used various names, three components
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have consistently been employed to measure mathematics-related attitudes: like mathematics (LM),
value mathematics (VM), and trust in mathematics (CM).

VI, THE OBJECTIVE OF THE STUDY

Many studies on students’ mathematics performance have tried to look at how individual constructs
like teacher self-efficacy, and student mathematics interests among others enhance students’
mathematics performance. Especially in Ghana much is not known about the mediating role of
students’ interest in promoting student mathematics performance so far as these constructs are
concerned. The motive of this student was to assess the mediating role of student mathematical interest
in instructor quality, teacher self-efficacy and student-teacher relationship towards student
mathematics performance. To achieve this objective, the following hypotheses were formulated.

Hi: Instructional Quality has a direct positive effect on Student Performance.
Hz2: Teacher Student Relationship has a direct positive effect on Student Performance.
H3: “Teacher Self-Efficacy has a direct positive effect on Student Performance.

Hy4: “Student Mathematics Interest mediates the relationship between teacher student relationship and
student performance

Hjs: “Student Mathematics Interest mediates the relationship between instructional quality and
student performance.

H6: “Student Mathematics Interest mediates the relationship between teacher self-efficacy and student

performance.
H2
Teacher-Studemt [ I_'I_‘l_ _____________________
Relationship i
i v
Instroctional Quality Student Mathematics Student Mathematws]
R . Intereszt Performance
i ) L
i {Teathﬂ- Self-Efficacy [£=Tmn == =nmrsssssmmsess e e i i
________________________________________ D
———» Direct Effect

_______________ » IndirectMediating Effect

Figure 1: Conceptual framework

VII. METHODOLOGY
7.1 Sample and Data Collection

The study was a quantitative research design that uses a structural equation model. The study targeted
all the Senior High Schools in the Ashanti Region. However, five senior high schools were purposively
selected. Out of this a total of 497 students using a simple random sampling technique were engaged.
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They comprised form one, form two and form three students from the selected schools. The
questionnaires were administered while the participants were in school. An official approval was
sought from the school authorities before administering the questionnaires. Table 1 presents the
demographic distributions of the study.

Table 1. Demographics Information

(re]?s(;)r(r)lr(:sg;?gstiic:n) Frequencies (N) Percentages (%)

Gender
Female 244 49.1
Male 253 50.9
Total 497 100.0

Age

Below 18 years 349 70.2
18 years and above 148 29.8
Total 497 100.0

Form
Form One 134 27.0
Form Two 197 39.6
Form Three 166 33.4
Total 497 100.0

Out of the total of 497 students, 253 representing 50.9% were males and 244 constituting 49.1% were
females. Also 349 students representing 70.2% were below 18 years and 148 students representing
29.8% were either 18 years or above. Out of the total participants 134 were in form one, 197 were in
form two while 166 were in form three.

VI, QUESTIONNAIRE AND MEASURES

There were five main variables in the study namely Teacher-Self Efficacy, Instructional Quality,
Teacher-Student Relationship, Student Mathematics Interest and Student Performance. These
variables were measured on a 5-point Likert scale of 1= Strongly disagree to 5= Strongly agree. The
measurement items for teacher self-efficacy were adapted from (Adarkwah et al., 2022; Akman, 2021)
those for instructional quality were adapted from (Arthur et al., 2022), those for teacher-student
relationship were adapted from (Xu & Qi, 2019), those for mathematics interest were adapted from
(Wong & Wong, 2019), while those for student performance were adapted from (Arthur et al., 2021,
2022).
IX.  VALIDITY AND RELIABILITY ANALYSIS

Cronbach’s alpha analysis was run in SPSS (v.26) to assessed the internal consistency of the
measurement items. The expected value of alpha in order to achieve internal consistency is at least 0.7
(Pomegbe et al., 2020). As demonstrated in Table 2, Teacher Student Relationship had a CA of 0.930,
Instructional Quality had a CA of 0.765, Teacher Self-Efficacy had a CA of 0.918, Mathematics Interest
had a CA of 0.901 while Student Performance had a CA of 0.904.
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For reliability and validity analysis of the model a confirmatory factor analysis (CFA) was run using
Amos (v.23) software. Measurement items with poor factor loadings (score less than 0.5) were deleted
from further analysis as suggested by Amoako et al. (2020). Two items were deleted from instructional
quality whiles an item each was deleted from teacher self-efficacy, mathematics interest and student
performance. The results are presented in Table 2 and Figure 2. Convergent validity was assessed using
average variance extracted (AVE) and composite reliability (CR). Fornell & Larcker (1981)
recommended an AVE score of at least 0.5 and CR score of at least 0.7 in order to achieve convergence.
The least AVE as reported in Table 2 is 0.523 (Instructional Quality) and the least CR score was 0.723
(Instructional Quality).

As recommended by Hair et al. (2010) the model fit indices should be: CMIN/DF should be less than
three, TLI and CFI should be greater than 0.9, GFI greater than 0.8 while RMR and RMSEA should be
less than or equal to 0.08. From Table 2 it can be seen that all the model fit indices were achieved
which suggest that the dataset fits the model appropriately.

Table 2: Confirmatory Factor Analysis

MFI: CMIN=269.009; df=176; CMIN/df=1.528; GFI1=0.950; CFI=0.988; TLI=0.985; Std. Factor

RMR=0.080; RMSEA=0.033 Loading

Teacher Student Relationship (TSR): CA=0.930; CR=0.933; AVE=0.702
I get along well with my Mathematics teacher (TSR1) 0.843
My Mathematics teacher is very concerned about my physical and mental health (TSR2) 0.921
My Mathematics teacher is willing to provide extra help when I need it (TSR3) 0.877
My Mathematics teacher is very happy to listen to me (TSR4) 0.832
My Mathematics teacher is fair to me (TSR5) 0.859
My Mathematics teacher is willing to better explain concepts I don’t understand to me 0.672
outside classroom hours (TSR6) 07
Instructional Quality (IQ): CA=0.765; CR=0.767; AVE=0.523
My Mathematics teacher provides good feedback for better understanding (1Q1) 0.684
My Mathematics teacher developing mathematical concepts systematically is a quality of a
0.730
good teacher (IQ2)
My Mathematics teacher give enough classroom exercises to practice to test my
. . 0.754
understanding of the concept being taught (1Q3)
Teacher-Self Efficacy (TSE): CA=0.918; CR=0.910; AVE=0.717
My Mathematics teacher encourages competition among students to motivate them to learn 0.851
more (TSE1) 5
My Mathematics teacher is effective in monitoring mathematics experiments (TSE2) 0.923
My Mathematics teacher knows the steps necessary to teach mathematics concepts
. 0.851
effectively (TSE3)
My Mathematics teacher encourages students to solve mathematics problems independently
0.755
(TSE4)
Student Mathematics Interest (SMI): CA=0.901; CR=0.898; AVE=0.694
I want to know all about how to do Mathematics problems (SMI1) 0.940
I am excited when a new Mathematics topic is announced in class (SMI2) 0.937
I want to know all about Mathematics (SMI13) 0.827
I want to talk about Mathematics with my friends (SM14) 0.574
Student Mathematics Performance (SP): CA=0.904; CR=0.907; AVE=0.711
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I am confident in my understanding of Mathematics as a subject (SP1) 0.900
I score high marks in Mathematics Examination (SP2) 0.895
I teach my colleagues who need help in Mathematics (SP3) 0.881
Learning Mathematics enhances my thinking ability (SP4) 0.676

NOTE: CFI: Comparative Fit Index; CMIN/df: Chi-square/degree of freedom; TLI: Turkey-Lewis Index; RMR:
Root Mean Square Residual; RMSEA: Root Mean Square Error of Approximation

The descriptive statistics and discriminant validity are shown in Table 3. From the analysis presented,
instructional quality had the highest mean score of 3.614, whiles teacher self-efficacy had the lowest
mean score of 3.026. The measurement items of the constructs were assessed on a 5-point Likert scale
of 1=Strongly disagree to 5=Strongly agree, which has a highest possible mean of 5. A mean score of 3
and above indicates respondents agreed to the measurement items and this was the case for all the five
constructs as presented in Table 3. According to Sarsah et al. (2020) discriminant validity is achieved
when the least value of the square root of AVE is larger than the highest correlation coefficient. As
demonstrated in Table 3 the least square root of AVE is 0.723 which is greater than 0.571 which is the

highest correlation coefficient. This demonstrates that discriminant validity was achieved.

Variables

Std
Dev.

Teac-Std
Rel.

Instruc.

Qual

Table 3: Descriptive and Discriminant Validity

Efficacy

Interest

Performance

Teac-Stud Rel. 3.134 1.107 0.838
Instruc. Qual 3.614 0.932 0.245%%* 0.723
Efficacy 3.026 1.281 0.280%** 0.121% 0.847
Interest 3.084 1.214 0.096* 0.084 0.571%%% 0.833
Performance 3.112 1.249 0.111% 0.227%%* 0.469%** 0.392%%% 0.843

VAVE are bold and underlined; ***~p-value significant at 1%; *~p-value significant at 5%
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Figure 2: Confirmatory Factor Analysis
X, RESULTS

The path analysis was estimated using the Structural Equation Modelling (SEM) run in Amos (v.23).
the result is presented in Table 4 and Figure 3. The estimation was based on 5000 Bootstrap samples,
with Bias-Corrected Confidence Interval of 95%.

For the hypothesized paths, it was identified that Teacher Student relationship had a negative but
statistically insignificant effect on Student Performance (8 =— 0.031;p > 0.05).

Hypothesis H1 “Teacher Student Relationship has a direct positive effect on Student Performance”,
was therefore rejected.

Instructional Quality on the other hand had a significant positive effect on Student Performance
(B = 0.194;p < 0.01). This suggests that as the quality of instruction in the classroom becomes better,
students’ performance is likely to be enhanced by about 19.4%, and vice versa.
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Hypothesis H2 “Instructional Quality has a direct positive effect on Student Performance” was
therefore accepted. Again, from the results, Teacher Self-Efficacy had a significant positive effect on
Student Performance (B = 0.307;p < 0.01). This shows that a good teacher's self-efficacy enhanced
students’ performance by about 30.7% and vice versa.

Hypothesis H3 “Teacher Self-Efficacy has a direct positive effect on Student Performance” was
therefore accepted.

To assess the mediating effect of student mathematics interest, in the relationship between teacher
student relationship and student performance, the effect of teacher student relationship on
mathematics interest was first estimated. The result indicated that teacher student relationship had a
negative but statistically insignificant effect on mathematics interest (3 =— 0.048; p > 0.05). Teacher
student relationship also had an insignificant effect on student performance. The coefficient of the
indirect effect was -0.010 which was statistically insignificant (since zero (0) can be found in-between
the lower and upper bounds).

Hypothesis H4 “Student Mathematics Interest mediates the relationship between teacher student
relationship and student performance” was therefore rejected.

The mediating effect of student mathematics interest, in the relationship between instructional quality
and student performance was ascertained. The effect of instructional quality on mathematics interest
was first tested. The results indicated that instructional quality had a positive but statistically
insignificant effect on student mathematics interest (B = 0.030;p > 0.05). The coefficient of the
indirect path was 0.006 which was statistically insignificant (since zero (0) can be found in-between
the lower and upper bounds).

Hypothesis H5 “Student Mathematics Interest mediates the relationship between instructional quality
and student performance” was therefore rejected.

Finally, in determining the mediating effect of mathematics interest in the relationship between teacher
self-efficacy and student performance, the effect of teacher self-efficacy on mathematics interest was
first tested. The results showed a significant positive effect of teacher self-efficacy on mathematics
interest (B = 0.421;p < 0.01). This suggests that a good teacher self-efficacy could enhance students’
interest in mathematics by about 42.1% and vice versa. Student mathematics interest also had a
positive significant effect on student performance (B = 0.210;p < 0.01). An increase in student
mathematics interest could enhance student performance by about 21.0% and vice versa. The
coefficient of the indirect effect was 0.003 which was statistically significant (because both lower bound
and upper bound were positive and zero (0) cannot be found in-between them). This represents a
partial mediating effect since teacher self-efficacy had a direct positive effect on student performance.

Hypothesis H6 “Student Mathematics Interest mediates the relationship between teacher self-efficacy
and student performance” was therefore accepted.

Table 4: Direct and Indirect Paths

Direct paths UI;—SstEilrrlladtzrd Standard error ?erll;%?lsllt;e
Teach_Stud_Rel — Maths_ Interest -0.048 0.033 -1.469
Instruct_Quality — Maths Interest 0.030 0.040 0.736
Teach_Self Efficacy — Maths Interest 0.421 0.043 9.684"
Teach_Stud_Rel — Performance -0.031 0.040 -0.766
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Instruct_Quality — Performance 0.194 0.052 3.727"
Teach_Self Efficacy — Performance 0.307 0.050 6.108™
Maths Interest — Performance 0.210 0.065 3.214"
Indirect paths UI:sStE?r?aizrd Lower BC Upper BC
Teach_Stud_Rel — Interest — Performance -0.010 -0.030 0.003
Instruct_Quality — Interest — Performance 0.006 -0.011 0.029
Self _Efficacy — Interest — Performance 0.089 0.035 0.148

Bias-Corrected (BC) Percentile Method; 5000 Bootstrap sample;
95% Confidence level ™ ~ P-value significant at 1% (0.01)
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Xl DISCUSSION

After the Structural equation modelling (SEM) was used to estimate the model, it was found that
teacher student relationship had no significant effect on students’ mathematics performance.
Instructional quality and teacher self-efficacy on the other hand had significant positive effects on
students’ mathematics performance. This finding is in line with studies like (Dupuis et al., 2020;
Hachfeld & Lazarides, 2021; Affuso et al., 2022) which have confirmed that quality instruction can
improve students’ performance.

Also, it was found that student mathematics interest did not mediate the relationship between teacher
student relationship and mathematics performance. Similarly, mathematics interest played no
mediating role in the relationship between instructional quality and mathematics performance. Finally,
it was concluded that student mathematics interest partially mediated the relationship between teacher
self-efficacy and students’ mathematics interest. This also in tandem with the study of (Arthur et al.,
2022; Khodarahmi et al., 2022; Wong & Wong, 2019b).

Xl CONCLUSION

The findings of the study have revealed that instructor quality is very key determinant of student
mathematics interest which intend affects student performance.
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The Role of Counselling on the Mental Health
of Survivors of Extrajudicial Executions: A Case
of Mathare Informal Settlement of Nairobi

Wilfred O. Mesocho

ABSTRACT

The main purpose of this study was to examine the role of counselling on the mental health of
survivors of extrajudicial executions in the Mathare informal settlement of Nairobi. For the
realization of this research aim, the study was guided by four specific objectives. These objectives
comprised to examine the prevalence of mental illnesses and disturbances among the survivors of
extrajudicial executions in Mathare Informal Settlement; to identify the key problems leading to
mental health complications in Mathare Informal Settlement; to determine the contribution of
counselling on the mental health of survivors of extrajudicial execution in Mathare Informal
Settlement; to identify possible obstacles that prevent survivors of extrajudicial execution in Mathare
Informal Settlement from accessing and utilizing counselling services. The research design and
methodology used were ex post facto and mixed methodology, respectively. Data collection was done
using questionnaires, whereas for descriptive analysis, SPSS (statistical package for social sciences)
was used. The study also utilized measures of central tendency such as mean, mode, tables, and
frequencies. After the data analysis process, the study found that counselling positively impacted the
extrajudicial execution survivors’ mental and general wellbeing, thus concluding that a significant
relationship existed between counselling services and the extrajudicial execution survivors’ mental
health.

Keywords. counselling, mental health, survivors, extrajudicial executions.

l INTRODUCTION

One of the globally acclaimed barometers for assessing how civilized and politically developed a society
is, includes its capacity to protect and safeguard people’s inalienable and fundamental rights. However,
in several countries worldwide, extrajudicial executions (EJE) have been at the forefront of adversely
affecting civilization by impacting human rights, especially violating the right to life (Aceves, 2018).
Extrajudicial executions are defined as killings, which can rationally be presumed to be generated by a
policy at any government level for the eradication of specific individuals as a substitution for arresting
them and bringing them to justice (Amnesty International, 2020).

In Kenya, the evidence of extrajudicial executions is somewhat overwhelming. It has been documented
by numerous entities, including the media, the Kenya National Commission on Human Rights
(KNCHR), the Human Rights Watch (HRW), Community Justice Centres under the umbrella of the
Police Reform Working Group (PRWG) and Missing Voices Kenya. However, despite the wave of
extrajudicial killings that has been witnessed throughout the country, Mathare remains one of the
most impacted by the killings. In Mathare, young males are constantly executed in the name of ethnic
politics and violence. Besides, in these killings, Jones et al. (2016) stress that ‘bonokos,” a common
term for weapons placed next to the victim’s body after the shooting by the police, are often used as
justifications for the executions. The reality in Mathare Informal Settlement, therefore, entails the
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incessant violence enacted upon the young male population, but the government and the society
neglect the existence of such an issue.

According to a study carried out between 2013 and 2015, Mathare had over 800 extrajudicial cases
within this period (MSJC, 2015). An evaluation of these cases shows that the Mathare extrajudicial
executions victims’ average age is 20 years, with most victims being male. The extrajudicial executions
adversely impact the survivors, family members, witnesses, and the community. As a result, the
number of extrajudicial executions in Mathare continues to escalate. Any survivors of these inhumane
acts are constantly subjected to a myriad of issues, including feeling stigmatized, living in fear,
depressed, traumatic scars, overwhelmed with psychological disorders and other mental issues. The
proliferation brings about a need for a study focusing on solutions, particularly counselling, to the
mental health complications that extrajudicial execution survivors experience.

1.1 Statement of the Problem

In the contemporary world, extrajudicial executions have become more rampant, and the issue has
taken up an astronomic increase in numerous nations across the globe. In most nations, particularly
Indonesia, the Philippines, and Nigeria, the issue of extrajudicial killings remains unsolved, for not
only does it involve government apparatus but also the ordinary citizens’ support of these killings
(Jones et al., 2016). In Kenya, similar to other countries with cases of extrajudicial executions, despite
the existence of an avalanche of extrajudicial killings by the police, the Kenyan authorities hardly
investigate the security agencies for their conduct but instead regularly defend the security agencies
and deny that this issue exists in the country (Human Rights Watch, 2016).

A glance through existing studies on the subject matter also indicated that despite the issue of
extrajudicial execution being deeply embedded in the contemporary culture, especially in informal
settlement areas, the topic remains understudied. In the Mathare context, existing studies on
extrajudicial killings within the region primarily focus on police killings (Stapele, 2019) and the
correlation between extrajudicial executions of young ghetto men and conceptions of citizenship
(Stapele, 2016). As such, a research gap exists in that no studies are focusing on the role of counselling
on the mental health of survivors of extrajudicial executions within the Mathare Informal Settlement
region.

1.2 Objectives of the Study
The following objectives guided the study:

i.  To examine the prevalence of mental illnesses and disturbances among the survivors of

extrajudicial executions in Mathare Informal Settlement.

ii.  To identify the key problems leading to mental health complications in Mathare Informal
Settlement.

iii. =~ To determine the contribution of counselling on the mental health of survivors of extrajudicial
execution in Mathare Informal Settlement.

iv.  To identify possible obstacles that prevent survivors of extrajudicial execution in Mathare
Informal Settlement from accessing and utilizing counselling services.

. LITERATURE REVIEW

This section is divided into two segments, the empirical review and the theoretical review. The
empirical review segment provides a detailed evaluation of existing studies on the role of counselling
on the mental health of extrajudicial execution survivors and discusses the identified literature gaps.
The theoretical review discusses the theories that guided the study.
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2.1 Empirical Review

The Prevalence of Mental Illnesses among Survivors of Extrajudicial Executions

According to the World Health Organization (WHO), approximately 10-20 percent of adolescents and
children in the global context suffer from mental disorders (WHO, 2014). On the other hand, KNHCR
(2011) projects the global estimates of individuals that will experience a mental health illness at 25
percent, with about 20 percent and 10 percent of patients and the general population respectively
seeking primary care presenting with mental health disorder symptoms at any specific time. These
mental health disorders comprise primary insomnia, panic disorder, obsessive and compulsive
disorder, post-traumatic stress disorder, Alzheimer’s and other dementias, alcohol and selected drug
user disorders, epilepsy, schizophrenia, bipolar affective disorder, and unipolar depressive disorders.
Regarding psychosis, Kiima and Jenkins (2012) asserted that there is a likely prevalence of the
disorder in the country at an average of one percent of the Kenyan population. Nonetheless, the most
often diagnosis of mental health disorders made in the Kenyan general hospital settings are anxiety
and stress disorders, substance abuse, and depression (Kenya Mental Health Policy, 2015). As a result
of the diversity of mental health disorders, at any specific time, there is a high likelihood of a member
of one in every four families be suffering from a mental illness (KNHCR, 2011).

Besides, the prevalent onset of the disorders during the early years of development and its continued
perseverance through adulthood remains a crucially significant concern. Of the mental disorders,
however, attention deficit hyperactivity disorder (ADHD) is among the most prevalent mental illness
among adolescents and children. Particularly, ADHD is reported to affect about five to seven percent of
individuals under the age of eighteen years of age, in the international context, with its pervasiveness
being higher in males than in females. However, despite that ADHD has a high prevalence rate,
depression is reported to have the highest prevalence rate, affecting about 5.6 percent of the world’s
male population and 11.7 percent of the female population, making it the most common form of mental
illness (WHO, 2017). Besides, this mental illness can adopt numerous forms such as seasonal affective,
postpartum, psychotic, and major depression based on risk factors, symptoms, and causes. The third
most prevalent mental disorder among adolescents and children, autism spectrum disorder (ASD), is
said to affect about one percent of the global population, with males being five more times to develop
the condition compared to the female population.

The prevalence of mental illnesses is higher among individuals exposed to any form of a traumatic
event in comparison to those not exposed to such situations. Particularly, Knipscheer et al. (2020)
assert that exposure to a potentially traumatic event results in the development of post-traumatic
stress disorder (PTSD). The study further examined the lifetime prevalence of PTSD across numerous
nations and discovered that the rates ranged from below one percent in Switzerland and Nigeria to
about five to nine percent in Norway, the Netherlands, and the United States and as high as 37 percent
in post-conflict nations, such as Cambodia, Algeria, and Liberia. These fluctuations in prevalence were
primarily associated with  the vulnerability conveyed in numerous socioeconomic country
characteristics, type of event, the disparities in the levels of wealth, and the deviating risks of exposure
to possibly traumatic incidents. Alternatively, in the study of PTSD and trauma exposure in young
people, Lewis et al. (2019) posited that youths at greater risk of developing PTSD following exposure to
a traumatic incident include those who were subjected to interpersonal types of index trauma, those
living in disrupted or disadvantaged families, those with a history of psychopathology, those who have
undergone previous victimisation, and girls. Nonetheless, despite the numerous factors that have a
significant influence on the onset of PTSD among individuals exposed to possible traumatic incidents,
Kessler et al. (2019) posit that the trauma type has the most substantial impact on the prevalence of
PTSD among these populations.
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The rate of mental illnesses is particularly high among individuals subjected to police harassment and
killings and other forms of extrajudicial executions. Luitel et al. (2013) found that the prevalence of
mental illnesses was higher for individuals who had witnessed the harassment of others, those who
were exposed to others being killed, as well as those who got hurt in the process. For these people, the
study ascertained that they had a higher likelihood of developing PTSD, depression, and anxiety
symptoms compared to the rest of the population. Regarding police violence and its association with
the prevalence of mental illnesses, DeVylder et al. (2018) observed that police violence posed a
substantial risk to public mental health. The study established that exposure to physical violence at the
hands of the police force generated great odds of subclinical psychotic experiences, suicide attempts,
depression, and psychological distress.

In the Kenyan context, psychiatrists have established that approximately 25 percent of out-patients
visiting hospitals in search of care suffer from a certain form of mental health condition, such as
obsessive compulsive disorder, alcohol dependence, generalised anxiety disorder, panic disorder,
post-traumatic stress disorder, or depression. Furthermore, in the in-patient context, the number of
individuals with any form of mental health condition increases to approximately 40 percent of
in-patient clients. Concerning depression, Kenya was ranked at position four in Africa, with 1.9 million
people suffering from depression, followed by Major Depressive Disorders (MDD), this is according to
(WHO 2014). Besides, the prevalence of mental health disorders is attributed to be higher for
vulnerable groups such as elderly persons, survivors of violence, the unemployed, individuals living in
difficult conditions or poverty, adolescents and children with disrupted upbringing, or those with a
chronic or serious physical illness. From this perspective, the young extrajudicial survivors from
Mathare Informal Settlement can be denoted as having a very high probability of suffering from
mental illnesses, for they are among the vulnerable groups. Specifically, these young people are not
only victims of an extreme form of violence (extrajudicial killings) but are also brought up in difficult
conditions, thus making the prevalence of mental health disorders.

The Key Problems Leading to Mental Health Complications in Mathare Informal Settlement

People develop mental health complications due to a broad array of reasons. First, according to the
World Health Organization, mental health and a diverse collection of mental disorders are influenced
to a substantial extent by the physical, economic, and social environments in which individuals reside
(WHO, 2014). Secondly, Walsh (2011) asserted that the significance of lifestyle factors is an
underestimated factor in the prevalence of mental health complications. The study attributes lifestyle
factors to contribute to various psychopathologies, to the optimization and preservation of cognitive
functions, and to fostering social and individual wellbeing. In this context, an unhealthy lifestyle,
which is commonplace in Mathare Informal Settlement, functions as a key problem resulting in the
development and advancement of mental health complications.

In addition, the lack of mental healthcare literacy and the absence of awareness regarding the existence
and prevalence of mental health disorders in informal settlements result in the development of mental
health complications. Particularly, in typical African and Kenyan contexts, mental illnesses and mental
health disorders are perceived as sorcery or witchcraft (Gikonyo, 2009; Hugo, 2011). Another study by
Reid et al. (2014) discovered that most communities and families considered the onset of mental
health disorders as a punishment from the ‘gods’ for immoral conduct by a family member. As a result
of the perception of mental illnesses as a punishment for immoral behaviour, for the individual
suffering from mental illness, a strong sense of self-esteem is essential for effective coping with the
mental illness. For those with low self esteem, watching their families’ breakdown and the blame for
their mental disorder being shifted to the mothers further result in the development of mental health
complications (Munika et al., 2018).
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In other instances, the social environment within the Mathare Informal Settlement plays a vital role in
the development of mental health complications among the youths. Specifically, Fisher et al. (2013)
argue that the pre-natal experience and the mother’s maternal health influence the mental wellbeing of
young children. For areas such as the Mathare Informal Settlements, the mothers are exposed to poor
health and nutrition, poor environmental conditions, highly demanding physical labour, stress, alcohol
and drug misuse, and smoking, which increases the children’s probability of developing mental health
complications during their early and adolescent years. In addition, in a meta-analysis and systematic
review on 17 studies, early childhood growth and maternal depression or the development of
depressive symptoms uncovered that children born and brought up by depressed mothers had a
significant risk of being stunted and underweight, which amplified their risk of being diagnosed with a
mental illness in later life (Surkan et al., 2011). In the case of Mathare Informal Settlement, the
likelihood of maternal depression or the development of depressive symptoms is quite high due to
insufficient emotional and practical support, the subjection to intimate partner violence, having hostile
in-laws, the lack of intimate partner support and empathy, being unmarried, being young, unintended
pregnancies, and socio-economic disadvantage. As a result, the children born and brought up by such
mothers have a high probability of manifesting mental health complications in their early and later
lives.

Finally, the exposure of the Mathare Informal Settlement youths to environments that induce stress
response contributes to an increased prevalence of mental health complications. A WHO (2014) report
establishes that exposure to stress-inducing settings over a young person’s life course leads to the
accumulation of stress-related behavioural responses such as drug and alcohol abuse, which transform
to drug or related dependency, which are categorized as mental disorders. Besides, the accumulation of
these stress responses over time significantly affects the individuals’ behavioural, physiological,
psychosocial, and epigenetic attributes, which leads to the development of factors that most
immediately affect a person’s mental health (WHO, 2014). Therefore, the exposure to stressors at the
Mathare Informal Settlement serves as an amplifier to the young persons’ risk of developing mental
health complications, for these stressors leave them vulnerable to acquiring these complications.
However, the provision of counselling services can play a crucial role in the restoration or
improvement of this population’s mental health outcomes.

Counselling in Promoting the Mental Health of Extrajudicial Execution Survivors

Counselling is defined as a way of assisting individuals in solving their own interpersonal social, or
emotional problems (Matliwala, 2017). From this perspective, counselling does not entail giving advice
or solving the clients’ problems on their behalf; however, it entails helping clients to gain more insight
into the underlined issues and objectively solving the issues. The counsellor’s responsibility, in this
context, comprises of showing the client a different dimension of understanding a particular situation
as well as enabling the client to know their weaknesses and strengths without any judgment. From the
client’s perspective, counselling provides them with an objective and supportive environment for the
exploration of their problems as well as an avenue for the determination of alternative courses of
action that might lead to problem-solving.

Besides, individuals seek counselling for diverse reasons, including an inability to change, where
despite possessing a desire to change, they lack the personal insight or the self-awareness to drive
them to alter their behaviours or actions. Other individuals seek out counselling when they are
concerned by physical symptoms that fail to react to medical remedies or investigations. These
psychosomatic issues may comprise stomach problems, tiredness, sleep disorders, tension headaches,
skin problems, among other similarly debilitating symptoms. On the other hand, for other people, lack
of direction or motivation, low self-esteem, lack of assertiveness, difficulties at work, or academic
underachievement may be the driving force towards engaging in counselling sessions. Finally, other
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people’s search for counselling help is grounded on feelings of worthlessness, anxiety troubles,
addictions and phobia, and frequently the belief that the failure may further worsen their conditions.
Nonetheless, anxiety and depression are identified as the main issues that instigate the search for
counselling help (Sharf, 2012).

Counselling plays a critical role in the enhancement of people’s mental health and general wellbeing.
There is a general understanding that problem-related to mental health could be handled in a
counselling context. According to Sharma (2019), the purpose of counselling is to enhance the
individual’s positive personality development and growth, assist in conflict management, improve
their relationships, help them in coping with situational crises such as prolonged medical illnesses,
pain, or bereavement, assist in the reversal or modification of problem behaviours, eradicate negative
symptoms such as depression or anxiety, and help in the treatment of mental, behavioural, or
emotional dysfunctions. According to Wango (2015), the effectiveness of counselling really depends on
the ability of the client to bring out the desired changes, harness their own potential, and address their
issues with certainty.

However, different counselling approaches serve specific purposes in the improvement of a person’s
mental and general wellbeing. For instance, cognitive behavioural therapy (CBT) is employed in the
identification and correction of irrational, irregular, and negative thoughts that may have become
automatic due to repetition. Particularly, the CBT approach works by challenging an individual’s ways
of thinking and enabling them to generate more realistic and helpful thought patterns of treatment,
thus making it effective in the treatment of post-traumatic stress disorder, body dysmorphic disorder,
panic, and generalised anxiety disorder, and depression. Relaxation therapy is employed in dealing
with stress as well as in the decrease of autonomic hyperactivity and anxiety. For the modification of
unhelpful and harmful behaviours that a person may have, behavioural therapy is utilized. However,
despite its effectiveness, a majority of persons with mental health complications rarely gain access to
counselling services due to numerous barriers.

Possible Obstacles to the Extrajudicial Survivors’ Access and Utilization of Counselling Services

There exist numerous probable obstacles that impede the access and utilization of counselling services
by individuals with mental disorders. To begin with, the stigma and discrimination connected to
mental illnesses are commonly suggested impediments to the search for and access to counselling
services (Zartaloudi & Madianos, 2010). In psychiatry, stigma is denoted as the attitude of disapproval
towards individuals diagnosed with mental illnesses (Zhang et al., 2020). Meyer and Ndetei (2015)
state that there are three types of stigmas related to mentally ill individuals, which include label
avoidance, self-stigma, and public stigma. The public stigma is the most impactful form of stigma for
mentally ill persons, for it may result in other members of the society acting against the stereotyped
individuals. As such, these pejorative attitudes induce society to distance themselves, reject, and fear
individuals with mental complications. Consequently, for individuals with mental illnesses, social
stigma results in decreased help seeking behaviour, shame, concealment of symptoms, lowered
self-esteem, and diminished opportunities (Seacat, 2014). Moreover, these stigmatizing attitudes
towards individuals with mental illnesses have been found to be prevalent and resulting in influenced
subsequent treatment behaviours on a global scale (Henderson et al., 2013). In the Kenyan context, the
stigma associated with mental illnesses influences not only people’s help-seeking behaviours but also
the health professionals’ willingness to work in mental health settings. Marangu et al. (2014) assert
that the discrimination and stigma linked to mental health disorders is the predominant factor that
explains why only a few health professionals decide to work in mental health services. The outcome is a
decrease in the number of counsellors, which limits the number of individuals that can gain access to
counselling services.
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Secondly, financial barriers also serve as a substantial impediment to the access and utilization of
counselling services. Corburn and Kaanja (2016) argue that the cost of care has been among the most
cited hindrances to mental health treatment, especially in informal settlements. Besides, the
possession of health insurance, through the public or private sector, is a primary determinant of access
and use of health services. As a result, individuals without health coverage have greater unmet needs,
delay seeking care, and experience greater barriers to care. Similarly, for mental health illnesses,
individuals without health insurance face impediments to accessing counselling services. In the
Kenyan context, individuals with mental illnesses lack not only health insurance but also the funds to
cater to their medical care. A study by Musyimi et al. (2017) found that most Kenyans lacked the
resources to get to the hospitals as well as pay for their treatment. During the study, some of the
subjects reported a lack of food at the time of the research and, as such, argued that they were required
to earn money to feed themselves and their families instead of seeking treatment. Therefore, financial
inadequacy can be cited as among the critical hindrances to the access and utilization of proper mental
health care by Kenyans with mental illnesses.

Thirdly, the disintegrated organization of mental health services has been identified as a significant
obstacle to the access and utilization of counselling services. In the Kenyan context, not only does the
country lack a formal, sanctioned mental health policy but also sufficient facilities for the provision of
high-quality mental health services. The lack of a formally endorsed mental health policy has
significantly limited the mental health reform agenda within the nation (Marangu et al., 2014). As a
result, the country only has a single well-known psychiatric hospital, the Mathari Hospital in Nairobi,
which focuses on the provision of in-patient services for all mental health clients across the nation
(Ndetei et al., 2008). On the other hand, the country lacks mental health care services at the
community level as well as in primary care facilities. In addition, the healthcare facilities that offer
mental health care services, comprising of the district and sub district hospitals, lack the capacity to
deliver out-patient mental health care services at the community level (KNHCR, 2011). As a result, for
people residing in rural areas or informal establishments such as the

Mathare Informal Settlement, gaining access to mental health services is almost impossible due to a
lack of essential resources and knowledge of this facility.

Fourthly, the lack of prioritization of mental healthcare in Kenya also plays a vital role in individuals’
access and utilization of counselling services. Prioritization of resource apportionment for mental
healthcare in a country like Kenya is constantly a challenge due to competing for health priorities,
including the increment of chronic ailments such as renal failure, cardiac diseases, and diabetes, and
the prevalence of infectious diseases such as malaria and HIV (Ndetei et al., 2007). Particularly, the
country’s reforms have primarily focused on addressing and eradicating communicable diseases as
well as making improvements with regard to maternal and child mortality. The resulting outcome has
been a low budget priority and the receipt of little attention by the mental healthcare domain, which
adversely affects the growth of this field and the availability of low resources in the treatment of mental
disorders, thus affecting the access to mental health services within Kenya. Furthermore, deficiencies
have surfaced in the delivery of mental healthcare within the Kenyan context, where the Kenyans’
mental health needs exceed the available mental health services at all the healthcare services delivery
system levels, creating a “treatment gap” where significant individuals with mental illnesses lack the
proper treatment (KNHCR, 2011). Besides, on a global level, this “treatment gap,” particularly in
lower-middle- and low-income countries, is projected to be at 75 to 85 percent, which equates to about
8.5 million in Kenya that lack the access and utilization of the care they need. In addition, for persons
with mental illnesses, access to proper care is impeded because their families and carers lack sufficient
information and knowledge of how to cope with a relative’s mental health disorder.
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The existing “treatment gap” is further widened by the availability of a limited mental health workforce
in Kenya. Marangu et al. (2014) state that the key challenge for mental healthcare within the country is
the critical shortage, or in some regions, the total inadequacy of a professional mental health
workforce. Specifically, the country only has 54 psychiatrists, ten medical social workers, 418 trained
psychiatric nurses, and a limited number of psychologists obligated with catering to the mental
healthcare needs of a population of approximately 43 million people, with about four percent of this
population having a major mental disorder. Furthermore, the Kenyan health workers at all levels are
associated with low degrees of mental health literacy, which further compounds the issue of lack of
access to mental healthcare surfacing from shortages of the mental health workforce, thus serving as
an obstacle to the access and utilization of mental healthcare by the individuals suffering from mental
illnesses.

2.2 Theoretical Framework
The Psychodynamic Theory

The psychodynamic theory has its roots in the psychoanalytic practice and theories of Sigmund Freud
(Freud, 1923). This theory concentrates on the certainty that a significant portion of our mental
functioning is unconscious (Dryden & Mytton, 1999). Besides, this unconscious section of our mental
functioning is attributed to contain feelings and thoughts as well as memories that we have repressed
for the avoidance of the conflict and pain they might generate. This theory further asserts that despite
this material being somewhat repressed, it continues to have an intense impact on individuals’
feelings, thoughts, and behaviours. In addition to the unconscious concept, this theory is also founded
on an understanding of the structure of human personality.

The psychodynamic theory is primarily rooted in the understanding that the threat of punishment from
the Superego, when combined with the demands of the Id, creates a substantial pressure that
generates anxiety (Hough, 2014). Freud (1923) considered the Superego as encompassing internalized
moral precepts, ideals, and values gained from parental and other authority figures, especially around
the age of three. The Id is identified as the most primitive component of the system, which remains
present from birth, and as such, is recognized as the repository for everything that is inherited,
instinctual, and fixed in an individual’s makeup (Freud, 1923). Besides, the theory establishes that the
conflict linked to an individual’s wishes and external reality results in the stemming of defence
mechanisms that protect them against tension and extreme discomfort. These defence mechanisms
comprise displacement, regression, introjection, reaction formation, denial, rationalisation, projection,
humour, and repression. However, the persistent and prolonged use of these mechanisms tends to be
counter-productive in the long run, for they not only require substantial amounts of vigilance and
energy but also result in the falsification of experiences and reality distortion (Hough, 2014).

This theory, however, is among the critiqued models based on its application to clinical practice.
Fonagy and Target (2010) critique the theory as not logically connected to the psychoanalytic
technique clinical theory, as inductive instead of deductive reasoning, as well as its Reconstructionist
clinical stance. However, Fulmer (2018) posits that the contemporary psychodynamic theory has
evolved from its psychoanalytic roots, making it the most versatile and inclusive school of thought
accessible to therapists.

The modern psychodynamic theory is ideally conceptualized as a system. From this perspective,
contrary to the conventional approach that perceives the theory as either limited to personality or
therapeutic model, the contemporary approach views the theory as a versatile system that both
explains and embraces irrationality. As a result, Shedler (2010) asserts that the theory has proven its
efficacy for a diverse range of populations and conditions, including personality disorders,
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substance-related disorders, eating disorders, somatoform disorders, panic, anxiety, and depression.
Its broad application, therefore, makes the theory significant for this study in the determination of the
contribution of counselling in promoting the mental health of survivors of extrajudicial execution in
Mathare Informal Settlement. Besides, the theory’s capacity to propose origins and explanations of
problems makes it efficient in the identification of the key problems leading to mental health
complications in Mathare Informal Settlement.

. METHODS

The study adopted an ex post facto research design. The selection of the ex post facto research design
was because of its capacity to allow a researcher to obtain conclusions that are specific and relevant
without interfering with the study population (Salkind, 2010). Besides, this design allowed for the
fusion of both quantitative and qualitative data, hence providing a means of exhausting the
extrajudicial executions subject matter.

The study was conducted in Mathare informal settlement of Nairobi in Nairobi County. The researcher
purposefully selected Mathare informal settlement for the study because a majority of the area’s
residents were living under harsh living conditions; some got involved in violence; lacked employment,
and hence profiling and killing of crime suspect by the police officers. Of the settlement residents,
those identified as survivors of extrajudicial execution, those who had reported cases of extrajudicial
executions at Mathare Social Justice Centre formed the target population.

The researcher utilized simple random sampling in the selection of the study participants. Only 40
individuals from the Mathare Social Justice Centre database and who were residents of Mathare
Informal Settlement formed the sample size. Rashid and Azeem (2011) specified that for an
experimental study, it is desirable to have a minimum of 15 study participants in each group. Thus, a
total of 40 study participants from the Mathare Social Justice Centre database were considered a
sufficient sample size for the determination of the role of counselling on the mental health among
Mathare extrajudicial survivors. From the 40 study participants, 20 were assigned to the experimental
group and 20 to the control group.

Additionally, the study used questionnaires in collecting data from the 40 respondents. However,
before undertaking the research, the researcher partook in a pilot test where ten questionnaires were
administered to the targeted population. After the pilot test, any areas that were identified as requiring
amendment were rectified before the main study. Finally, the researcher utilized SPSS (statistical
package for social sciences) for descriptive analysis (using measures of central tendency such as mean,
mode, and median, as well as tables and frequencies).

V. RESULTS AND DISCUSSION

The researcher administered 40 questionnaires to Mathare Informal Settlement residents. The 40
questionnaires were duly filled and returned to the questionnaire, hence achieving a 100 percent
response rate, which was sufficient for analysis.

4.1 Demographic Information

Of the 40 respondents, 52.5% (21) were female, whereas 47.5% (19) were male. Of these respondents,
22 were aged between 18 and 28, 11 were between 28 and 39, and seven were 39 years and above. As
such, a majority of the respondents (55%) were between the years of 18 and 28. Concerning residency,
two had been residents of Mathare Informal Settlement for less than a year, three had stayed in
Mathare for between one to four years, two between four and seven years, four between seven and ten
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years, and 29 had stayed in Mathare for ten years or more. The findings that most of the respondents
(73%) had been Mathare residents for ten or more years increased the study reliability for these
participants had a better knowledge of the occurrence of extrajudicial executions events within the
area.

Moreover, when asked whether they had witnessed any extrajudicial execution occurrences, 29 of the
40 respondents answered yes, whereas 11 answered no. These figures show that the probability of
Mathare residents witnessing extrajudicial executions was high, for 72% of the respondents had
already witnessed such incidences. On the other hand, when asked whether they had been victims of
any extrajudicial execution occurrences, 17 of the 40 respondents answered yes, whereas 23 answered
no.

4.2 Prevalence of Mental Illnesses Among Extrajudicial Execution Survivors and Witnesses

In the evaluation of the prevalence of mental illnesses among extrajudicial execution survivors and
witnesses, the study focused on anxiety, insomnia or sleep disorder, depression, panic disorder, alcohol
and drug abuse, post-traumatic stress disorder (PTSD), and other forms of mental illnesses. Table 1
below shows the obtained results on the identified mental illnesses’ prevalence among extrajudicial
execution survivors and witnesses.

Table 1. Prevalence of Mental Illnesses Among Extrajudicial Execution Survivors

Mental Illness Cases Percentage
Anxiety 22 76%
Insomnia/Sleep disorder 21 72%
Panic Disorder 21 72%
PTSD 16 55%
Alcohol and drug abuse disorder 10 34%
Depression 8 28%
Other forms of mental illness 3 10%

These findings inferred that exposure to extrajudicial executions resulted in the development of mental
illnesses among the witnesses and survivors. Of these illnesses, anxiety, insomnia and other sleep
disorders, and panic disorder were the most prevalent among this population, with approximately
three-quarters of the extrajudicial execution survivors developing anxiety disorders. Alternatively, the
least prevalent mental illness among extrajudicial execution survivors was depression.

4.3 Key Problems Leading to Mental Health Complications Among Survivors of Extrajudicial
Executions in Mathare Informal Settlement

A WHO (2014) report posited that a diverse collection of mental disorders is influenced to a substantial
extent by the physical, economic, and social environments in which individuals reside. In the Mathare
Informal Settlement context, the current study found the physical environment as a substantial
contributor to the development of mental health complications among extrajudicial execution
survivors. The survivor’ subjection to poor environmental conditions was recognised as the primary
problem resulting in their development of mental health conditions. The study also attributed the
survivors’ being born to and brought up in a family exposed to a mental breakdown and in a hostile
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home to an increased probability of developing mental health complications. Other contributors to
mental health complications among extrajudicial execution survivors comprised experiencing
unhealthy lifestyles and poor health and nutrition at the settlement.

Additionally, the study found that the absence of awareness regarding the existence and prevalence of
mental health disorders in Mathare Informal Settlement and lack of mental healthcare literacy among
Mathare Informal Settlement residents resulted in an increased likelihood of mental health
complications. Similarly, Hugo (2011) established that the lack of mental healthcare literacy and the
absence of awareness regarding the existence and prevalence of mental health disorders in informal
settlements resulted in the development of mental health complications. Other environmental and
social problems increasing the survivors’ probability of developing mental health complications
encompassed found smoking, alcohol, drug misuse, and exposure to police brutality and killings in
Mathare Informal Settlement. Therefore, in addition to the trauma associated with being exposed to
police brutality and extrajudicial executions, physical, environmental, and social problems also led to
the extrajudicial execution survivors’ development of mental health complications.

4.4 The Impact of Counselling on the Mental Health of Survivors of Extrajudicial Execution

The study compared the data collected from the experimental and the control groups to determine the
impact of counselling on the survivors’ mental health. The experimental group comprised individuals
who sought counselling services to improve their mental well-being. The control group encompassed
respondents who had never received counselling services after witnessing and surviving an
extrajudicial execution. After asking the experimental group the number of times they sought
counselling to improve their mental health, the figure below was obtained.

Number of Times Respondents
Sought Counselling Services

1 2 3 4 5 & 7 B 9 10 11 1% 13 14 15 16 17 18 19 20

Figure 1: The Number of Times Respondents Sought Counselling Services

Figure 1 above indicates that the least number of times that respondents within the experimental group
sought counselling services was twice, and the highest was ten, whereas a majority of them sought
counselling six times for the improvement of their mental state.

Table 2: below shows a comparison between the experimental and control groups’ results on the impact
of counselling on the survivors’ mental wellbeing.
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Table 2: The Impact of Counselling on Mental Health

Experimental
Group

Controlled Group

Statements

Standard Standard
Mean . .. Mean . .
Deviation Deviation

Counselling helps Mathare extrajudicial
execution survivors and witnesses in 4.45 0.94 4.10 1.33
addressing their traumatic exposures.

Counselling provides a supportive
environment for Mathare extrajudicial
execution survivors and witnesses to
objectively evaluate their mental state.

4.50 0.83 4.30 0.98

Counselling helps Mathare extrajudicial
execution survivors and witnesses to adopt 4.45 1.10 3.85 1.23
positive and constructive behaviours.

Counselling promotes psychological wellbeing
and restoration among Mathare extrajudicial 4.50 0.69 3.90 1.17
execution survivors and witnesses.

Counselling helps survivors and witnesses of
Mathare extrajudicial executions to be

empowered and or create survivor’s social 325 0-85 3-90 112
support network.

Counselling helps Mathare extrajudicial

execution survivors and witnesses in

addressing alcohol and drug-related 375 102 3-85 0.88
addictions.

Counselling helps Mathare extrajudicial

execution survivors and witnesses in

improving relationships and interaction with 3-45 1.05 3-85 1.35
others.

Counselling helps Mathare extrajudicial
execution survivors and witnesses achieve 3.60 0.94 3.55 1.28
personality development and growth.

Counselling helps Mathare extrajudicial
execution survivors in reporting and following 3.90 0.91 3.80 1.15
up with cases.

Counselling helps Mathare extrajudicial
execution survivors and witness in addressing
psychological ~and mental disorders i.e.,
anxiety, depression PTSD

4.65 0.75 4.00 1.08

The experimental group reported higher degrees of and more positive impacts of counselling on their
mental health in comparison to the controlled group, as indicated in the table above. The standard
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deviation for the experimental group was relatively small, inferring to a small convergence in the study
participants’ assessments. Contrarily, the standard deviation for the controlled group was somewhat
large, especially in comparison to the experimental group’s, indicating a significant variation in the
respondents’ assessments concerning the impact of counselling on mental health for Mathare Informal
Settlement extrajudicial survivors and witnesses.

For the survivors who sought counselling, the services positively impacted their mental and general
wellbeing in multiple ways. Firstly, counselling helped them address their traumatic exposures.
Secondly, counselling provided them a supportive environment to objectively evaluate their mental
state. Thirdly, counselling services contributed to the adoption of positive and constructive behaviours
and enabled them to create a social support network. Finally, counselling empowered and restored
them, promoted their psychological wellbeing, and enabled them to address alcohol and drug-related
addictions, improve relationships and interactions with others, and achieve personality development
and growth. Therefore, seeking counselling can be significantly beneficial for extrajudicial execution
survivors. However, several obstacles may impede these individuals’ access and using counselling
Survivors.

4.5 Possible Obstacles That Prevent Survivors of Extrajudicial Executions in Mathare Informal
Settlement from Accessing and Utilizing Counselling Services

The study found four primary obstacles that impeded the extrajudicial execution survivors’ access and
utilization of counselling services. The stigma connected to psychological disorders was the first
obstacle preventing extrajudicial execution survivors’ access and use of counselling services. Meyer
and Ndetei (2015) found three types of stigmas related to mentally ill persons: label avoidance,
self-stigma, and public stigma. Of the three forms of stigma, the public stigma might be the most
impactful for the extrajudicial execution survivors with mental illnesses. Public stigma may result in
other members of the society acting against the stereotyped individuals by distancing themselves,
rejecting, and fearing the persons with psychological disorders. The second obstacle comprised the
discrimination of persons with mental illnesses at the Mathare Informal Settlement. Thus, in fear of
being discriminated against, survivors of extrajudicial executions in Mathare avoided seeking
counselling services to enhance their mental wellbeing after exposure to traumatic experiences.

The third obstacle consisted of financial barriers. Notably, a majority of Mathare Informal Settlement’s
extrajudicial execution survivors lacked the financial resources required to obtain quality counselling
services. Corburn and Kaanja (2016) backed these findings by citing financial barriers as among the
primary barriers preventing individuals from accessing counselling services in informal settlements.

The final obstacle to obtaining counselling services for Mathare Informal Settlement’s extrajudicial
execution survivors consisted of lack of mainstreaming of counselling services in Mathare, the lack of
high quality mental health services at Mathare Informal Settlement, and the inadequacy of professional
counsellors and mental health workforce. KNHCR (2011) posited that the aforementioned obstacles
arose because Kenya, as a country, lacked mental health care services at the community level as well as
in primary care facilities. Besides, the healthcare facilities that offer mental health care services,
comprising of the district and sub-district hospitals, lack the capacity to deliver out-patient mental
health care services at the community level. As a result, for people residing in Mathare Informal
Settlement, gaining access to counselling was almost impossible. Therefore, there is a need to
minimize stigmatization and discrimination of mentally ill persons and to eradicate financial barriers
and lack of quality counselling services for improved access and use of counselling services by
extrajudicial execution survivors at Mathare Informal Settlement.
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V. CONCLUSION AND RECOMMENDATIONS

The study results established that all Mathare Informal Settlement residents who had either witnessed
or been a victim of extrajudicial executions suffered from a broad array of mental health complications.
The identified mental disorders comprised anxiety, depression, alcohol and drug abuse disorders,
panic disorders, post-traumatic disorders, and other forms of mental illnesses. Of these illnesses,
anxiety was identified as the most prevalent among Mathare Informal Settlement extrajudicial
survivors. Besides exposure to extrajudicial executions, the study identified physical, economic, and
social environments as either exacerbating or leading to the development of mental health
complications among extrajudicial execution survivors and witnesses. Of the persons that developed
mental health complications, the study found that those who sought counselling services obtained
positive mental health and overall wellbeing changes. Particularly, counselling services helped
extrajudicial execution survivors address the traumatic exposures, offered them a supportive
environment to objectively evaluate their mental states, and assisted them to adopt positive and
constructive behaviours. Consequently, counselling empowered them to address alcohol and drug
addictions, form a survivor’s social support network, improve their relationships and interactions, and
achieve personal growth and development. However, despite the numerous benefits of counselling, a
substantial number of the extrajudicial execution survivors at Mathare Informal Settlement lacked
access to counselling services. The obstacles impeding their access to and utilization of counselling
services consisted of financial barriers, the stigmatization and discrimination of mentally ill
individuals, and the lack of quality counsellors and counselling services at the Mathare Informal
Settlement as well as the rest of the country.

The study recommended the implementation of education, community sensitization and awareness
programs, and facilities offering quality mental health care as capable of minimizing or eradicating the
extrajudicial execution survivors’ access to counselling services. Specifically, the Mathare Informal
Settlement residents should be educated on the adverse impacts of exposure to extrajudicial executions
on their mental health, how to use counselling to minimize some of the negative psychological effects,
and the available mental health care facilities. The county and local government should consider
providing these residents with community sensitization and awareness on the importance of
counselling to break the existing stigma associated with mental illnesses and the ensuing
discrimination, as well as encourage extrajudicial execution survivors to seek help. Besides, the
government should consider increasing healthcare facilities that offer mental health care services,
comprising of the district and sub-district hospitals, especially in informal settlements like Mathare,
where there is a prevalence of extrajudicial executions cases. The government should also ensure the
employment of a highly-skilled workforce with the ideal counselling competencies, skills, and
knowledge for offering quality services to those in need and using counselling in improving the mental
and general wellbeing of extrajudicial execution survivors and other individuals who undergo
traumatic experiences.

VI.  SUGGESTIONS FOR FUTURE STUDIES

This study employed ex post facto research, which may have produced a certain degree of bias because
of the lack of statistical tests. Besides, the research method cannot verify or test the research problem
statistically, thus bringing about accuracy and integrity concerns. As such, future studies on the role of
counselling on the mental health of survivors of extrajudicial execution in Mathare Informal Settlement
should consider using quantitative data and quantitative data analysis methods. Moreover, this study’s
sample was confined to Mathare Informal Settlement, which decreases its generalizability. For
improved generalizability of the research findings, future studies on the subject matter should attempt
to cover a larger target population, such as the entire Nairobi County.
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