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Abstract. The objective of the study is to investigate the measurement ac-
curacy of latent variables depending on a number of dichotomous test items and
variation range.

Methods: Investigation is based on the simulation experiments.

Results: The authors make recommendations for selecting a number of di-
chotomous test items and variation range depending on the required measure-
ment precision of latent variables.

Scientific novelty: The research demonstrates statistical correlation between
the measurement precision of latent variables and a number of test items and
variation range.

Importance for practice: The research results can be used while developing
the questionnaires and tests for measuring the latent variables.
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NCCINEOOBAHUE TOYHOCTU USMEPEHUA NATEHTHbIX
NMEPEMEHHbBIX B OBPA3OBAHUU

AnHomauyust. Llenv paboThl — UCCAEOBAHNE TOYHOCTH H3MEPEHHUS AQTEHT-
HBIX IIEPEMEHHBIX B 3aBHCHMOCTHU OT YHCAA AUXOTOMHYECKHX TECTOBBIX 3aI[aHHﬁ
U auaria3oHa UX BapbUPOBaHUA.

Memoouka u memoobl: BCCAeAOBaHUE IIPOBEAEHO Ha OCHOBE MMUTAIIMOHHO-
T'O MOAEAMPOBaHULA.

Pesynemamet. PazpaboTaHbl peKOMEHAAIIUH 10 BBIOOPY YHCAA AHUXOTOMHYE-
CKHX TECTOBBIX 3a/laHUH U [Halla3oHa HMX BapbHPOBAHUA B 3aBHCHMOCTH OT Tpe-
OyeMoii TOUHOCTH U3MEPEHUS AATEHTHBIX II€PEMEHHBIX.

Hayunasa HosusHa. IloaydeHa cTaTHCTHYECKas B3aHMMOCBA3b MEXKAY TOYHO-
CTBIO U3MEPEHHS AATEHTHOM IIepeMEeHHOH 1 YHMCAOM TECTOBBIX 3aflaHUH 1 Auaraso-
Ha X BapbHUpPOBaHUA.

Ipaxmuueckasi 3Hauumocme. Pe3yabTaTbl HCCAEOBAHUSA MOLYT OBITH HC-
IIOAB30BaHbl IIPH IIOCTPOEHUU TECTOB M OIIPOCHUKOB [A M3MEPEHUS AATEHTHBIX
IIepeMEHHBIX.

Knroueesle cnoea: naTeHTHas IIepeMeHHasd, MoJeAb Pallia, TOYHOCTh U3Me-
peHud, I/IMI/ITaL[I/IOHHI)IfI OKCIIEPUMEHT.

Introduction

In education and other social systems, the majority of variables, for
example students’ proficiency, are latent, i.e. they cannot be measured in
such way as, for example weight or length. In the middle of the last cen-
tury, there appeared a possibility of measuring the latent variables on a
linear scale due to the developed theory of latent variables. After the work
of Georg Rasch [1], a large number of research papers applying and dis-
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cussing the Rasch model have been published. It allowed shifting to es-
sentially more advanced level of research in education and other social
systems [2—4]. But still there are some open issues. One of them is about
the number of test items needed to obtain the required precision of
measurement of latent variable [5, 6]. Another issue is the influence of a
range of items variation on measurement precision of a latent variable.

The work purpose

Tests and questionnaires play an important role in individual deci-
sion-making in areas such as educational testing, personnel selection,
and many others. The research is aimed at measuring the precision of a
latent variable depending on number of dichotomous items and a range of
its variation. The need for this research results from the fact that the
measurement cost substantially depends on a number of test items.
Therefore, it is important to choose a minimum number of test items to
provide the required precision of the latent variable measurement.

Methods

The authors use the paradigm of measuring the latent variables,
developed by the Danish mathematician G. Rasch. In this paradigm the
estimation of a latent variable, for example students’ proficiency, does not
depend on difficulty of a set of test items [7, 8]. Besides, students’ profi-
ciency and items difficulty are measured on the same linear interval scale
in logits. By means of linear operations, the scale of latent variable can be
transformed into any other scale. For example, the Federal Centre of Test-
ing of the Ministry of Education and Science of the Russian Federation
transform logits of the Unified State Exam into a 100-mark scale.

It is convenient to estimate the precision of measurement by a
standard error. So there is a need to establish quantitative dependence of
standard measurement error of a latent variable on a number of test
items and range of its variation.

Research was based on the simulation experiment. Such method of
research is used due to the fact that the model of measurement (Rasch
model) is a probabilistic and nonlinear one. Analytical research methods
in such situations are ineffective [9, 10].

For generating of a matrix of data the following scheme was used.
Students’ proficiency varied from —4.0 to +4.0 logits. This range covers the
majority of practical Rasch model applications. For convenience of the
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analysis of measurement precision 17 values of a latent variable (17 levels
of proficiency) was used with step.5 logits: the first level equals —4.0, the
second level equals -3.5, ..., the seventeenth — +4.0 logits. Each of 17 le-
vels was used triple that is in a generated matrix there is 51 lines.

Difficulty of test items varies on intervals [-2; +2] and [-4; +4] logits.
There were used 10 set of test items. The first set consists of 10 items,
the second consists of 20, ..., the tenth of 100 items. In each set items
were evenly distributed within above-mentioned intervals.

In terms of design of experiment there was used a four-way block
randomized plan with replication having three treatment factors A, B, C
and block-factor D [11]:

e Factor A is the range of test items variation; a = 2 levels: (2.0,
2.0 logits), (4.0, 4.0 logits).

e Factor B is the student location; b=17: (-4.0, -3.5, -3.0, ...,
+4.0 logits).

e Factor C is the number of items set; ¢ = 10: (10, 20, 30, ..., 100).

e Block-factor D varied on three levels; d = 3.

The response variable Y is the standard error of measurement of
students’ proficiency (latent variable).

Data of simulation experiment were generated in accordance with
Rasch model for dichotomous items.

Bi=3;

=, 1
1+ "% (1)

Py
where pj — probability of a right answer of i-th student on j-th item,
Bi— level of i-th student proficiency (logits), §; — difficulty of j-th test item
(logits).
Then based on the calculated probabilities (1) data of dichotomous
matrix are generated:

x; = Int (pj— Rnd +1), (2)
Where Int (Y) — the whole part of number Y, Rnd - a random num-
ber evenly distributed on an interval (0; 1).

As an example in Table 1 the generated matrix of data for 30 items
which varies in a range from — 4.0 logits to + 4.0 logits is presented.
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Table 1

Data of simulation experiment with 30 items

Student

Student Profi-
ciency

Items (30)
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111111111111111111111111111101
111111111111111111111111111001
111111111111111111111111111011
111111111111111111111101110010
111111111111111111111101111000
111111111111111111110111111110
111111111111111111111111100010
111111111111111111111111011010
111111111111111011110110111100
111111111110111111111111010000
111111111111111111101011100011
111111111111111111100111100000
111111111111111101100101000010
111111111111110111100111001100
111111111111111111111110010000
111111111111111101111111001000
111111111111011111101010000000
111111111111111111001100000000
111111111111011101010110010000
111111111111110101100100000000
111111110101100011001000100000
111111111111110100001100000000
111111111001101111001000100000
111111111111111111111000000000
111111100111101101000000000000
111111110111100100000000000000
111111111010011001000100000000
111111101111111100010000000000
111111110010111000000000100000
111111111110110100100000000000
111111011110011101000000000000
011111111111000010001001000000
111111011110000100000000000000
011110111111100000001000000000
111010101001000000000001000000
111111111101100000000010000000
111111110100000000000001000000
111111100100100001000000000000
111110100000000100100000100000
010011010010000000000000000000
111000000100011000100000000000
100101000000000000000000000000
110110100000000100000000000000
011101000000000100000000000000
001000010000000010000000000000
111010100000000000000000000000
010000000000000000010000000000
111000000000000000000000000000
101000010000000000001000000000
111100000010000000000000000000
111010000000000000000000000000
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Based on the generated data matrix there were obtained estima-
tions of students’ proficiency. For these purposes dialogue system «MLV»
developed by authors of this paper (Measurement of Latent Variables),
developed in Laboratory for Objective Measurements of the Kuban State
University was used.

Precision of measurement of students’ proficiency is characterized by a
standard error of measurement. For i-th student the standard error is:

SE = 3)

Zpy(l_pg)
\ =

where pj— probability of a right answer of i-th student on j-th test
item; m— number of test items. Unlike the classical theory of testing
where a measurement error same for all students, in the theory of latent
variables these errors are different. For example, if i- th student has cor-
rectly answered all items the standard error tends to infinity. If the stu-
dent has incorrectly answered all items the standard error also tends to
infinity. The least error is observed for students who correctly answer ap-
proximately half of test items. From the formula (3) follows, that on the
edges of a scale the standard error has maximum values.

Results

Measurement precision of latent variable obtained from the simula-
tion experiment is described by the following model

Yiki(m = W+ @i + Bj+ ye + u+ (aB)y + (ay)ic + (@BY)ik + €kt (m),  (4)

Where yiji m is the response variable which is standard error of

measurement of latent variable;

1 is the overall mean;

ai, az are the main effects for the levels of factor A;

B1, B2, ..., P17 are the main effects for the levels of factor B;

Y1, V2, ---, Y10 are the main effects for the levels of factor C;

11, Tz, T3 are the main effects for the levels of factor D;

(aB); are the interactions for the combinations of factors A and B;

(ay)jx are the interactions for the combinations of factors A and C

(aByj are the interactions for the combinations of factors A, B and C;

€ijkl (m) are the errors that satisfy the conditions of mean equal to O,
equal variances, normality, and independence.
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With the purpose of an illustration Figure 1 displays precision of

measurement of latent variable based on 50 items.

T4 SE (logil)
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Figure 1. Precision of measurement of a latent variable based on
50 items with (4.0, +4.0) range of items variation

The statistical analysis of measurement precision

of a latent variable

Results of the variance analysis (ANOVA) of a standard measure-
ment error are presented in Table 2.

Table 2
ANOVA of standard error of measurement
L Sum of Degrees of | Mean Sum .

Source of Variation Squares Fr%edom of Squares F Sig.
Factor A .078 1 .078 18.473 <.001
Factor B 24.393 16 1.525 362.435 | <.001
Factor C 111.507 9 12.390 2945.430 | <.001
Block-factor D .039 2 .019 4.586 .010
Interaction AB 4.395 16 275 65.297 <.001
Interaction AC 3.423 9 .380 90.417 <.001
Interaction BC 1.373 144 .010 2.267 <.001
Interaction ABC 991 144 .007 1.636 <.001
Error 11.433 2718 .004
Total 157.631 3059
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All sources of variation are significant. In a certain degree it is due

to the great volume of experimental data. The average values of meas-

urement precision of a latent variable depending on the items set are pre-

sented in Table 3.

Mean Standard Error of Items Set

Table 3

Set of Mean Volume Standard 95% Confidence Interval

Items Error Lower Bound Upper Bound
10 .993 306 .004 .986 1.000
20 .708 306 .004 .701 715
30 .604 306 .004 .597 .612
40 .539 306 .004 .532 .547
50 477 306 .004 470 .484
60 443 306 .004 .436 450
70 407 306 .004 .399 414
80 .375 306 .004 .368 .382
90 .362 306 .004 .355 .369
100 .343 306 .004 .336 .350

Important aspect of the investigation is the finding out measure-

ment precision depending on location of persons on a scale (Figure 2).

12

SE (logit)

/‘_‘/mo

£ -4 -z -z

Locati

on (logit)

Figure 2. Standard error of measurement of a latent variable
depending on students’ location on a scale and numbers of test items
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Fig. 3. A standard error of measurement of a latent variable depend-
ing on students’ location on a scale and a range of items variation
Cée
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Figure 3. Shows the influence of a range of items variation on
measurement precision of a latent variable

On the average at a small interval of items variation measurement
precision a little higher, than at wider range (Table 4).

Table 4

Mean standard error of persons depending on range of items variation

Range Mean Volume Standard 95% Confidence Interval
8 Error Lower Bound | Upper Bound
[-2.0, + 2.0] .520 1530 .002 517 .523
[-4.0, + 4.0] .530 1530 .002 527 .533
Discussion

Students’ ability and items difficulty varied in a simulation experi-
ment over a wide range: from —4.0 logits to +4.0 logits. This wide range
covers the majority of practical testing.

As a result of the carried out research it is shown, that for achieve-
ment of a standard error of measurement in.5 logits there are enough
50 dichotomous items (Table 3). The further increase in number of items
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slightly increases measurement precision. So, even 100 dichotomous
items do not provide measurement precision less than.3 logits (Figure 2).

The range of a variation of test tasks significantly influences meas-
urement precision of latent variable. Besides measurement precision in
the middle of a scale is higher than on the edges of a scale (Figure 3).

The results are obtained for the case that latent variable vary from —
4.0 to +4.0 logits. It is obvious, that for drawing conclusions concerning
other intervals of a variation of a latent variable additional investigation is
required.

Another possible way of increasing of measurement precision is re-
placing dichotomous items by polytomous ones. In the last case it is pos-
sible to take into account partially correct variants of the answer.

Conclusion

1. For achieving a standard measurement error of 5 logits, 50 dic-
hotomous items is enough. It is necessary to notice, that students’ profi-
ciency and test item difficulty vary in the same interval: from —4.0 to
+4.0 logits.

2. Measurement precision can slightly increase when the items
number exceeds 50. However, even 100 items do not provide the meas-
urement precision below 3 logits.

3. The measurement precision of students’ proficiency (latent vari-
able) is higher in the middle of the scale and lower on its edges.
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