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SUMMARY 

 
This paper aims to introduce author's view to standardization procedure used in the process of 
development of new scientific measurements tools such as tests or questionnaires. It is 
practical guide adressed to applied scientists. The examples of outputs from available 
software are provided. 
 
Keywords: Test development, standardisation, test theory, generalizability theory, item 
response theory, dimensionality, reliability, validity, factor analysis. 
 
 

INTRODUCTION 
 
 This paper could be considered a practical guide to pilot standardization of motor tests or 
questionnaires developed for research purposes and used in any applied scientific work 
including diploma, bachelor or dissertation theses. The expression “pilot standardization” is 
used intentionally as a complete standardization is a time consuming and expensive process. 
The issue of standardization is much broader then can be described in the following article 
with limited number of pages, and that is why rather general guide to solving problems 
connected with standardization is provided, or we will refer to other sources. Individual 
methods used in the text (e.g. Generalizability Theory, Item Response Theory, Structural 
Equation Modelling, Factor Analysis) are not introduced in detail. 
The simplified standardisation procedure (steps 5-9 in this paper) must be carried out even 
when one uses already standardized tests in a new environment (the so-called transcultural 
crossvalidation; e.g. questionnaire standardised in USA used for measurement in Czech 
Republic) or for different population (e.g. questionnaire standardised for Parkinson's disease 
patients used for Alzheimer's disease patients). As shown later, validity and reliability are the 
attributes of test scores, not of the test itself. Thus, the scores may depend on various 
attributes of the sample in which the research is carried out. If we decide to use an already 
standardized test for our tested group, it is therefore necessary to verify a sufficient level of 
reliability and validity. What a “sufficient level” is and where the limits of “sufficient and 
insufficient” reliability are will be discussed later. 
 
 
 
 
 
 



A PRACTICAL GUIDE TO THE FORMATION AND PILOT STANDARDIZATION OF 
BATTERIES OF TESTS AND QUESTIONNAIRES 

 
1. Specification of field of attributes (theoretical concepts) to be measured (so-called 

behavioural domain (BD)) 
 The specification of attributes (or theoretical concepts), which we intend to measure, may 
seem trivial. However, the opposite is true, and many studies have failed because of poor 
specification of BD, and overall misconception of the research. For a successful completion 
of whole standardization process, this particular step is the most important. It should be done 
in cooperation of the following persons: researcher (1), at least one more specialist in the 
same field (2), head of the research (study) (3), methodologist (4), statistician (5) and a person 
carrying out the practical part of research, e.g. data collection (6). In terms of time, this phase 
takes place when preparing the whole project of the study. 
Let us imagine that we want to set up a battery of tests to evaluate strength ability. Before 
specifying the BD, it is necessary to know: various definitions of strength (1), its structure 
(e.g. which sub-abilities of strength can be distinguished) – different classifications are used 
by different authors (2), the already existing batteries of tests and the characteristics of their 
scores (validity, reliability) for different target groups (3), to have a view of apparatus which 
may be used for measuring strength (4). Only after mastering the theoretical field of strength 
and its diagnostics, one may advance to the specification of BD. That covers evaluating 
various theories with respect to the particular research, e.g. which structures of strength and 
diagnostic aids (batteries of tests, devices) are appropriate to use in such research. When 
setting the specification of BD itself, it is vital to determine what is to be measured (the whole 
range of strength abilities may not be important any more, only the strength in upper limbs is). 
At this stage of the research, it is important to visualize the overall ´design´, procedure, 
management of research, e.g. financial matters,  material and time intensity, statistic analysis 
(methods appropriate for a given set of data, number of variables, number of testees). It is 
important to decide which variables will be used – whether the interval or ordinal ones (how 
many response categories will the items have – dichotomic, Likkert or Guttman scale). In 
terms of later data processing, with ordinal variables it is advisable to unify response 
categories with test items. 
 

2. Creating a complete list of all relevant items measuring given concepts in particular 
BD  

In other words, one should write a complete list of all relevant tests suitable for measuring a 
particular concept ( in our case dynamic strength in upper limbs) including those that we may 
not use ( due to lack of financial means for particular apparatus, the test itself is too long in 
terms of time etc.) It is also possible (and sometimes even advisable) to get inspired by 
already standardized tests, in which the reliability and validity are known. One must bear in 
mind that the same test differs in validity in various population samples (the extreme example 
could be a long jump test carried out in a group of wheelchair bounds). Therefore, it is 
necessary to choose from the list of suitable tests with a respect to the particular population 
sample, for which the test or the questionnaire will be used. 
 

3. Expert validity analysis 
This particular list of tests should be checked by experts in a given field who can verify the 
validity of individual items. It is suggested to obtain at least three independent experts’ 
opinions to guarantee the validity of the tests. The assessments of items itself is done either 
verbally, or on scales (e.g. points from 1- 5). It is also advisable to ask the experts to complete 
the list of tests with other suitable ones. The group of experts should not be too homogenous 



(e.g. not all track-and-fields coaches etc.) to provide different points of view. It is also 
advisable to ask a statistician to verify e.g. the adequate number of response categories of 
items etc. When mailing to experts for their opinion, an explanatory letter with details of 
intended research, hypotheses, target group etc. should be attached. 
 

4. Drafting a battery of tests /questionnaire  
Based on the experts’ assessment, a draft test battery or a questionnaire is prepared. It should 
contain all the items that were considered relevant, and the items that were considered 
essential. The number of test items may still be large at this point, therefore, for the final 
version it will be reduced later. At this time, however, we should keep the number as it is. 
 

5. Verifying items’ comprehensibility in pilot sample 
The aim of this part is to verify the comprehensibility of items, e.g. the wording of a text in a 
questionnaire or instructions given in a motor test, for the selected population in which the 
test will be carried out. It is especially important when using the evaluation tool for people 
with specific needs (motor, sensation or attention disorders etc.) The number of testees at this 
point need not be very large (a sample of 20 people is sufficient). 
Now, a pilot sample fill in the draft questionnaire or carry out the draft motor test battery and 
they are asked to express their opinion of each item – whether it is comprehensible, too 
difficult or easy, whether particular emotions that could change the test results are not 
employed (sometimes, on the contrary, the specific emotions are desirable and in such a case 
the testees should be asked to describe their feelings connected to each item), etc. 
The result of this stage of the research is the feedback from the target group, which should 
show the relevancy of items and avoiding the inadequate ones, revision of wording etc. 
 

6. Pilot data collection for purposes of assessment of validity and reliability of 
test/questionnaire items 

The goal of this part is to collect data in a sample large enough to verify validity and 
reliability. A size of the sample relies on many factors; it is advisable to use at least 20 testees 
for each test item or questionnaire (or, the modified version of the test or questionnaire from 
chapter 5). It is necessary to discuss the size of the sample with the statistician. 
Before the collection itself, it is important to set the terms in which the data will be collected 
(when using the test “for real”). For example the specific type of shoes in which the testees 
will jump, floor surface, room temperature, number of trial jumps etc. If a rating scale is being 
standardized, the number of raters of the testee’s performance must be set. 
The data collection itself takes its course under given conditions to reach maximum data 
authenticity. For purposes of pilot standardization of a rating scale, there should be at least 3 
raters who will examine testees independently from each other. However, the actual number 
depends on subjectivity ratio set by experts, which is given by motor specification of a test 
(e.g. a rating scale to evaluate performance in figure skating needs a larger number of raters) 
or by the vagueness of the interpretation of responses in a questionnaire. 

 
7. Reliability evaluation and defining a number of variables, concepts and raters 

This stage requires knowledge of the Test theory, or better, the Generalizability theory (e.g. 
Brennan, 2001) and Item Response Theory (Hambleton, Swaminathan, & Rogers, 1991). The 
goal is to estimate an error of measurement, where the data from the above described pilot 
collection serves as a basis for this estimation.  
The purpose of this paper is not to explain what reliability is (readers are referred to e.g. 
McDonald (1999)), still it is worth to mention that the reliability is defined as ratio of true and 
observed variance and as such cannot be computed; the reliability can only be estimated. 



Further there are at least two major types of reliability – specific (item reliability) and generic 
(concept reliability or internal consistency) that should be clearly distinguished (Měkota & 
Blahuš, 1983). Specific reliability of each particular item is usually assessed by the so-called 
test-retest method whereas concept reliability by several other ways – split half, Cronbach's 
alpha, generalizability coefficient, McDonald's omega. 
The Generalizability theory enables one to establish the optimum design of a study in terms of 
setting the number of raters, number of concepts and number of repetitions needed to reach 
required measurement precision (i.e. reliability). It is not therefore the “design of a study” as 
we understand in experimental research. 
In the praxis the programme GENOVA (Crick & Brennan, 1983) or urGENOVA, may be 
used, which are free to download at 
http://www.education.uiowa.edu/casma/GenovaPrograms.htm. The programmes use quite an 
easy syntax, however, it is advisable to study the enclosed user’s manual. The analyses 
consist of two parts – the first is variance decomposition (so-called G-study), the second one 
enables to optimize the number of variables, concepts and raters in relation to required 
reliability. The program uses the data from the pilot data collection (stage 5). The typical 
situation at this stage is that researcher has too many items in the test battery/questionnaire so 
the goal is to reduce the number of items to the suitable amount to be applicable in practice 
and still retain the required precision of measurement. 
 
Table 1: Example of typical GENOVA (D-study) programme output data for the simplest 
design P x I (Persons x Items)1, we are interested in number of items necessary to reach 
required reliability. 
 
                                                        SUMMARY OF D STUDY RESULTS  
 --------------------------------------------------------------------------------------------------------------------------------- 
                                                                          V A R I A N C E S 
               SAMPLE SIZES               -------------------------------------------------------- 
    -------------------------------------                  Expected   Lower    Upper                  Generalizability 
                                                     Universe    observed   case        case                       (Reliability)    
                 Nr. of items                  score         score         delta       delta       Mean      coefficient            Phi 
 --------------------------------------------------------------------------------------------------------------------------------- 
 001-001         2                              0.216         0.345      0.128      0.167      0.039           0.626              0.563 
 001-002         3                              0.216         0.297      0.080      0.104      0.024           0.728              0.673 
 001-003         4                              0.216         0.280      0.064      0.083      0.019           0.770              0.721 
 001-004         5                              0.216         0.270      0.053      0.069      0.016           0.801              0.756 
 001-005         6                              0.216         0.259      0.042      0.055      0.013           0.834              0.794 
 001-006         7                              0.216         0.254      0.037      0.049      0.011           0.850              0.814 
 001-007         8                              0.216         0.248      0.032      0.041      0.010           0.870              0.837 
1 

Data are fictitious 
 
The number of test items, for which the reliability is shown, is optional in the programme’s 
output. There is a frequently asked question about how high the reliability coefficient should 
be. However, there is no simple answer. One possibility is to observe its score in relation to a 
standard deviation (i.e. it possible to calculate a so-called standard error of measurement 
according to formula SE 1 relσ= −  where σ  stands for population standard deviation), or 
(according to more recent concept) in relation to a set permissible error tolerance (so-called 
tolerance ratio - see Kane, 1996). On the basis of the standard error it is possible to see 
whether the precision of the measurement is sufficient as can be seen from the example 
below: 
 
 
 

http://www.education.uiowa.edu/casma/GenovaPrograms.htm


Example of assesment of measurement precision 
Suppose we want to find out the error of measurement of intelligence test and express it in IQ points as usual for intelligence. 
The well known standard deviation of IQ points in population is 15. Suppose that the reliability of our intelligence test has 
been assessed by Cronbach's alpha (for simplification lets suppose intelligence is unidimensional concept thus Cronbach's 
alpha is appropriate estimate of reliability) and equals to 0.84. Standard error of measurement is then 
SE 1 15 1 0.84 6relσ= − = − = . It means that if we measure someone IQ with this intelligence test and this person reach score 
of 120 IQ points then his/her real intelligence with 95% probability (95% confidence interval) is within the interval (120-
2SE, 120+2SE)=(108,132). Researcher then decides whether this precision is sufficient for the purposes of the study.   
 
As a general rule of thumb several authors suggest that the reliability should not drop below 
0.80. As one can see above, reliability of 0.80 will be reached when using 5 or more items in 
one particular test (provided that the assumptions of the theory of generalizability will be met; 
see Brennan, 2001). 
In rating scales, it is necessary to verify the so-called interrater reliability (sometimes called 
“objectivity”). We are interested in the level of subjectivity, i.e. dependence on the person 
evaluation. For a high quality scale the rating should be independent of the rater. In practice, 
this is studied by the correlation among the independent raters. High correlation among their 
rating suggests good interater reliability. Other method of assesment of interrater reliability 
can be done by means of Generalizability theory. As shown below (table 2), GENOVA 
programme enables to optimize the number of items and raters simultaneously. Our fictitious 
data would reach the highest reliability when using 10 items in a battery of tests, and two 
raters. The test seems therefore relatively “objective” since the reliability does not increase 
much with a higher number of raters. 
 
Table 2: Example of typical GENOVA (D-study) programme output data for the simplest 
design P x I x R (Persons x Items x Raters)1, we are interested in the number of items and 
raters necessary to reach the required reliability. 
 
                                                        SUMMARY OF D STUDY RESULTS  
 --------------------------------------------------------------------------------------------------------------------------------- 
                                                                          V A R I A N C E S 
               SAMPLE SIZES               -------------------------------------------------------- 
    -------------------------------------                       Expected   Lower     Upper                  Generalizability 
                   Nr.              Nr.              Universe    observed      case        case                       (Reliability)    
             of items       of raters              score         score          delta       delta       Mean      coefficient            Phi 
 --------------------------------------------------------------------------------------------------------------------------------- 
001-001      5                 4                   0.128         0.156         0.028      0.031      0.003          0.818              0.801 
001-002      4                 5                   0.128         0.159         0.030      0.034      0.003          0.805              0.788 
001-003      3                 7                   0.128         0.162         0.034      0.037      0.003          0.789              0.772 
001-004      2               10                   0.128         0.171         0.043      0.047      0.004          0.747              0.729 
001-005     10                2                   0.128         0.151         0.023      0.026      0.002          0.844              0.828 
001-006      7                 3                   0.128         0.152         0.024      0.027      0.003          0.837              0.822 
 
All of the previous notes on reliability are based on the idea that reliability is constant along 
the measured ability continuum, i.e. that the respondents that do poorly in the test (low 
ability) are measured with the same precision as the ones that are excellent (high ability). This 
is however a bit unrealistic assumption. The modern methods such as Item Response Theory 
therefore advances the concept reliability (and thus also standard error of measurement) by 
replacing it with function (called Information function) that varies along the measured 
continuum, see Figure 1. 
 



Test information curve: solid line Standard error curve: dotted line

The total test information for a specific scale score is read from the left vertical axis.

The standard error for a specific scale score is read from the right vertical axis.
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Figure 1. Example of test information curve and standard error curve    
 
 

8. Factor validity assessment, items selection and validation of BD structure 
On the basis of the GENOVA programme results, we know the number of items needed to 
reach the desired reliability for each measured concept. Yet, it is still not clear which items to 
select for the final questionnaire or test battery. The most frequently used methods of 
selection are either confirmatory factor analysis or structural equation modelling. In literature, 
we may often meet with exploratory factor analysis although it is not recently suggested to 
use it anymore (see almost all recent literature in methodology, e.g. Blahuš (1985). For the 
computation itself, the programmes such as Amos (part of SPSS package), LISREL, Mplus, 
GEFA, COSAN, EQS, etc. may be used. 
When selecting the most suitable items, it is first necessary to examine the so-called 
measurement model. This is done by estimation of the unidimensional models for each 
theoretical concept at the lowest level of hierarchy in the structure of BD. For example, in 
strength ability model according to Fleischmann (1964, see Figure 2), especially the 
unidimensionality in static strength, dynamic strength and explosive strength items should be 
verified. 
 
 Strength ability 
 
 

Explosive strength Dynamic strength Static strength  
 
 
Figure 2: Structure of strength abilities according to Fleischmann (1964) 
 



An example of verifying the unidimensionality of items measuring dynamic strength follows. 
 

 
Figure 3: Part of a typical output of the confirmatory factor analyses (LISREL programme)1 
 
The numbers by the indicators pointing from test items to dynamic strength show, in the case 
of one-factor model, the correlations between the test and a latent factor, so-called factor 
validity. If we reduced the number of items to number  with required reliability (based on the 
results of the theory of generalizability), then this reduction would eliminate the tests with the 
lowest factor validity (in given fictious example in order starting from one hand push-ups, 
tenfold jump, trunk lift, etc. 
 

9. Evaluation of difficulty and discrimination of items 
On the contrary to the assessment of validity and reliability, which should always be done, the 
evaluation of difficulty and discrimination is only recommended. However, it is obligatory 
when we need to range the test items according to difficulty, or when creating two different 
tests with equivalent difficulty. To evaluate the difficulty and discrimination, the Item 
Response Theory (IRT) models are used. By using these models it is possible to establish for 
each testee a level of the measured characteristic, or evaluate his/her progress in time. The 
application of IRT models in motor diagnostics is studied thoroughly for example by Čepička 
(2003). For more general reading on IRT see Hambleton, et al. (1991). 
 
 

FINAL COMMENTS 
 

The problem of formation the standard norms of tests is not mentioned in this text. In our 
opinion, it is not necessary to be used in a process of standardization in diploma and 
dissertation theses. According to our knowledge it is also rather rarely part of the 
standardisation process in the scientific papers (except the papers where standardization itself 
is the major aim). The norms depend on population and they should be part of a standardized 
test battery or a questionnaire. In an absolute majority of studies, the most important element 
is the content analysis of the test results. For its correct interpretation is essential to detect the 
elementary test characteristics such as validity and reliability according to above given 
instructions. 
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