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Abstract 

A questionnaire is a structured tool used in health research to systematically collect data on perceptions, behaviors and health outcomes. It 

serves as a fundamental tool for recording patient-reported outcomes, evaluating treatment effectiveness and monitoring public health trends. 

Questionnaires can be administered in a variety of formats, including paper, digital, or interactive systems and must be carefully designed to 

ensure reliability, validity and minimal bias. SimAlpha algorithm was designed in 2023 from Basispap to simulate Cronbach's Alpha and uses 

R code to do so. It has been used professionally on several occasions where a simulated study on Cronbach's Alpha was needed. Additionally, 

it can provide prefixed Likert scale mean values prior to the study as well as number of participants on demand. It has been a useful tool to 

reduce time and money needs. In this paper a brief presentation of the algorithm is given as well as potential and weaknesses. The results of 

the simulation show improved behavior for large number of simulated participants and replications (N > 100,000) but the number of simulated 

questions does remain satisfactory even in the case of small numbers such as 10 questions. The flexibility of the algorithm needs to be improved 

for alpha values lower than 0.7. This means that an unexperienced user might find it difficult to perform simulations for requested alpha values 

lower than 0.7 although a more experienced user can easily adjust requested alpha in order to obtain the exact needed value. 
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Introduction 

Questionnaires are essential tools in health research, acting as 

structured tools for the systematic and consistent collection of 

information from patients or health professionals. However, one of 

the most common problems, especially in clinical studies, is the 

number of participants - registrations. This study provides a way to 

facilitate health professionals who wish to conduct a study but have 

minimal data. It provides a way to comparative studies of their 

existing data with a fully controlled hypothetical sample. However, 

even in the case where the data is sufficient, the appearance of low 

reliability, even in a proven reliable questionnaire, can puzzle analysts 

where to find the sources of this reduction such as e.g. the range of 

the Likert scale. The reliability of a questionnaire is the main concern 

of a researcher when constructing a data collection tool assuring that 

this tool can assure it repeatability as well as the reassurance of valid 

research. Validity and reliability are quite often used in the same 

conceptual framework but Tavakol and Dennick emphasize that an 

instrument cannot be valid unless it is reliable [1]. Still, the 

importance of reliability is undeniable since it is an indicator of good 

practice in research. 

Cronbach’s alpha 

The most widely known and used indicator of reliability is 

Cronbach’s Alpha [2]. This index incorporates the variance of each 

observation and each variable under the formula. 
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where 𝜎𝑖
2 is the variance of each variable denoted as column of n 

× k dataset of n observations and k variables (n; k > 1). The 

incorporation of each row is done with the help of 𝜎𝜏
2 which denotes 

row variance. Although alpha can show negative values, it produces 

informative results when it lies between 0 and 1 and shows a reliable 

result when it is greater than 0.7. 

Past simulation attempts 

Although not expected, not many attempts at simulating alpha 

values have been made in the past. Leontitsis and Page used a 

simulation of 20 subjects with 6 items under 1, 000 replication, did 

not produce alpha values grater than 0.5 [3]. The comparison of their 

results to other attempts presented wide ranges of alpha values with 

the lowest being that of Cortina and equal to 0.20 (0.40 – 0.60) [4-7]. 

Methodology 

In order to simulate an alpha value, one needs to know the number 

participants and the research tool. SimAlpha allows the use of the 

mean value per question – variable of the questionnaire as well. In 

total SimAlpha can use 4 parameters. These are, number of 

participants [2, ∞), number of questions [2, ∞), mean value and 

standard deviation per item – question. In what follows simulation 
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results are presented on a 5-point Likert scale with N participants, Q 

items and Rep number of replications. The purpose of this simulation 

is to present its capabilities and its performance on requested alpha 

values. This simulation was done with R programming language 

Version 4.2.3 in Rstudio environment. 

Results 

Effect of replications 

The first part of the results shows the distribution and behavior of 

SimAlpha algorithm on variable parameters. Figure 1 shows the 

distribution of simulated alpha values for a hypothetical questionnaire 

of 10 items. All items are supposed to have mean value near 3 and 

standard deviation near 1. We should note that SimAlpha can also use 

different mean values and standard deviations per item. The use of 

common mean and SD values is done only for comparison reasons. 

The first comparison uses variable replication numbers ranging 

from 10 to 1,000,000 replications. According to the results of Table 1 

and Figure 1 the increment in replications does not contribute to the 

goal alpha value of 0.95 especially after 1,000 replications. Still, it is 

worth noting that increment in replication shifts the distribution to the 

right with lower min and increased max values. This shift is depicted 

in Figure 1. 

Replication Mean Min Max Elapsed time 

10 0.94214 0.92938 0.95228 < 1 second 

100 0.94519 0.92424 0.95502 1 second 

1,000 0.94643 0.92287 0.96092 2 seconds 

10,000 0.94643 0.91643 0.96364 23 seconds 

1,00,000 0.94639 0.91643 0.96364 231 seconds 

1,000,000 0.94639 0.91121 0.96615 2223 seconds 

Table 1: Effect of replication number to alpha approximation (N 

= 200, Q = 10, Alpha = 0.95). 

 

Figure 1: Distribution of alpha values for 10 to 1,000,000 

replications. 

Effect of participants 

The next part was to investigate the behavior of SimAlpha 

algorithm to a variable number of participants. The range used was 

between 10 to 1,000,000 participants and the results for 1,000 

replications are shown in Table 2 and Figure 2. According to the 

results, 100 participants are enough for a good approximation of the 

0.95 targeted alpha value. In addition, we can see that more 

participants narrow down the min-max interval of simulated alpha 

values. Finally, figure 2 shows that 1,000 participants produce a more 

symmetrical distribution of alpha values compared to a larger number 

of participants. 

Participants Mean Min Max Elapsed time 

10 0.93243 0.50543 0.98792  1 second 

100 0.94574 0.91291 0.96674 2 seconds 

1,000 0.9469 0.93692 0.95353 4 seconds 

10,000 0.94684 0.94381 0.94944 21 seconds 

1,00,000 0.94686 0.94602 0.94758 260 seconds 

10,00,000 0.94686 0.94665 0.94708 2286 seconds 

Table 2: Effect of participant number to alpha approximation 

(Rep = 1,000, Q = 10, Alpha = 0.95). 

 

Figure 2: Distribution of alpha values for 10 to 1,000,000 

participants. 

Effect of number of items 

The last part of the results included algorithm performance under 

various item number. According to the results of Table 3, there is an 

overestimation of alpha for questionnaires with more than 10 

questions. This overestimation increases along with the increment of 

the number of questions but its distribution does not show 

improvement, that is a more symmetrical behavior as shown in Figure 

3. 

Questions Mean Min Max Elapsed time 

10 0.94643 0.92287 0.96092 2 seconds 

20 0.97253 0.96211 0.98012 4 seconds 

30 0.98148 0.97348 0.98639 5 seconds 

40 0.98598 0.97964 0.98979 7 seconds 

50 0.98881 0.98441 0.99153 8 seconds 

100 0.99439 0.99223 0.99565 2223 seconds 

Table 3: Effect of participant number to alpha approximation 

(Rep = 1,000, N = 200, Alpha = 0.95). 
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Figure 3: Distribution of alpha values for 10 to 100 items. 

Benchmarking 

The last step was to check deviations from the requested alpha 

value. Figure 4 shows mean values of calculated alpha values along 

with upper and lower limits expressed with the maximum and 

minimum values. This simulation used 0.001 to 0.999 alpha value 

approximation with 0.001 step, under 200 hypothetical participants, 

on a 10-time research tool.  

According to Figure 4 there is a deviance which varies from 0.1 

to 0.5 for requested alpha values from 0.1 to 0.9. The largest deviation 

(see also Figure 5) is shown in 0.2 to 0.4 requested alpha value. In the 

case of the lower critical alpha value, that is α = 0.7 the mean 

deviation is near 0.25. These results clearly show the need for 

improvement of the target alpha value. Although a rule of thumbs can 

be and is, used to approximate specific alpha values even up to the 

third decimal place, this improvement is necessary in order to present 

a more user-friendly algorithm, that is an algorithm that anyone can 

use regardless of previous background in computing. In addition, 

since this is only an instance of the possible parameters can enter the 

simulation, more parameters should be used to compare the 

algorithms behavior. 

 

Figure 4: Simulated Alpha values under Ν = 200, Q = 10, Rep = 

100, Step = 0.001. 

 

Figure 5: Deviation and absolute deviation from requested Alpha 

values under Ν = 200, Q = 10, Rep = 100, Step = 0.001. 

Conclusion 

SimAlpha algorithm can cope quite well with the requested task, 

that is to simulate a complete study with a questionnaire under a 

specific Alpha value. Still, it needs improvement on the requested 

alpha value for an inexperienced user or a user who is looking for an 

absolute Alpha value without deviation on the second or third decimal 

number. For a more lenient or a more experienced user it can be a 

helpful asset for pilot studies or any kind of simulation study of a new 

or well-established research tool. Computation time is low to 

tolerable for studies that want to involve a large number of 

hypothetical subjects. SimAlpha can support the usual parameters of 

a hypothetical study i.e. N = 200 participants, Q = 20 items on 1,000 

replications with small deviations from the requested alpha. The time 

needed on these parameters is less than 4 seconds. Therefore, 

SimAlpha algorithm is expected to aim academics on their simulated 

study attempts, with the expectation of future improvement in the 

future on Alpha accuracy to lie below the third decimal place. 
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