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units, where different tests have different minimum and maximum scores, and where higher or lower scores mean different things in different tests. Therefore, a composite test score cannot be obtained by simple addition or averaging of scores in the individual tests. However, if performances in individual tests are converted to Z scores, the Z scores
can be added or averaged to yield a composite score that can be interpreted or processed using conventional statistical methods. This article explains in simple ways how Z scores are calculated, what the properties of Z scores are, how Z scores can be interpreted, and how Z scores can be converted into other standard scores. Keywords: Statistics, Z
score, standard score, composite score, T score, stanine score, sten score In a hypothetical study, I randomize schizophrenia patients to computer-based cognitive remediation (CR) or television viewing (TV) thrice weekly for three months. I administer five cognitive tasks at the study baseline and, again, at the study endpoint. I wish to determine
whether CR improves cognitive task scores more than TV does. One way of doing this is to use statistical tests to compare CR and TV groups, task by task; however, there are several problems associated with this approach. For example, performing five separate statistical tests, one for each cognitive task, increases the risk of a Type 1 (false positive)
error. 1 Or, patients in one group may perform better in some tasks and worse in other tasks relative to patients in the other group; so, what should the overall conclusion be? Or, patients in one group may perform better than patients in the other group in all tasks without the results reaching statistical significance for any task; again, what should
the overall conclusion be? One way to get an overall perspective is to create a composite score. This is easily done in some circumstances; for example, one may reasonably add or average language, science, math, geography, and history marks to get a single composite score in school examinations. Simple addition or averaging of marks is possible
because all subjects are treated equally, all subjects are marked from 0 to 100, and all subjects have higher marks indicating better performance. Simple addition or averaging is not possible for cognitive tasks because different tasks have different everyday importance, because different tasks have different minimum and maximum scores, because in
some tasks lower scores indicate better performance, and in other tasks, higher scores indicate better performance, and because some tasks yield scores measured in units of time, others yield scores measured as the number of correct responses, and so on. As examples, verbal memory may be more important than visual memory because of its
application to everyday life; tests of processing speed are measured in units of time and lower scores indicate better performance; and tests of memory are measured in the number of units correctly recalled and higher scores indicate better performance. So, simple addition or averaging of scores is not possible. One solution is to first convert the
original (raw) scores for each cognitive task into a new score that is described in the same unit for all tasks. The new scores can then be added or averaged to form a composite score. Conversion of the raw scores into Z scores is one such approach. To do this (for example) for the verbal memory test in the cognitive battery, I would need to perform
the following actions with the verbal memory raw scores. Calculate the mean (M) and standard deviation (SD) verbal memory score for the CR and TV groups combined into a single group; that is, for the pooled sample. Calculate the Z score for each patient; the formula is Z = (x - M)/SD, where x is the patient’s verbal memory raw score and M and
SD are the estimates from the previous step. Positive Z values indicate scores that are greater than the mean of the pooled sample, and negative values indicate scores that are less than the pooled mean. 2 Z scores are similarly calculated for each patient for each of the remaining four cognitive tasks. This is done separately for the baseline and
endpoint data. If we look at the formula for the Z score, we will immediately realize that the Z score tells us how far above or below the mean an individual’s score is, expressed in units of SD. So, if the M(SD) is 18(4) for the verbal memory scores in the pooled sample, a patient with a verbal memory score of 20 has a Z score of (20—18)/4, or 0.5. That
is, the patient’s verbal memory score is half an SD above the mean of the sample. Another patient whose raw score is 12 would have a Z score of (12—18)/4, or —1.5; that is, one and a half SDs below the sample mean. The raw scores were in different units in the different cognitive tasks. Z scores are all in the same unit, that is, SD. The Z score
distribution has a mean of 0 and an SD of 1. Z scores are useful because they allow data to be interpreted or used in many ways, as the following examples show: The Z score tells us at a glance how the patient has performed relative to the rest of the sample, something that is not evident from the inspection of a raw score. Because we understand the
relationship between M and SD in the normal distribution, and because the Z score is an SD unit, we know that Z scores of 2 and above (either positive or negative) are quite far from the mean and that Z scores of 3 and above (either positive or negative) are so far from the mean as to represent outliers. So, an inspection of Z scores can identify
outliers in the sample. Using published tables, such as a table of the area under the normal curve, we can read off the probability of obtaining any individual Z value. If a patient has a Z score of, for example, 1 for verbal memory and a Z score of —0.3 for processing speed, because the unit of Z is the same for both tasks, we can conclude that this
patient performed better in the verbal memory task than in the processing speed task. This conclusion would not have been possible from an inspection of the raw scores. Z scores can be added to create a composite score. In the context of the study described at the start of this article, the Z scores for the five cognitive tasks can be added for each
patient; this creates a composite cognitive (total) score for the patient. There are two noteworthy points. For tests where lower scores indicate better performance, Z scores should be multiplied by —1 so that when the Z scores are added, the composite score will correctly indicate the direction of change. Whereas the individual Z scores are in units of
SD, the composite score, created by adding the Z scores for the five tests, is no longer in units of SD. However, if the composite score is divided by the number of tests, we get a composite (average) score that is again a unit of SD. When Z scores are added or averaged as described above, each cognitive task receives equal weightage. It is possible to
create composite scores in which some tasks are given higher weightage than others, based on preset values for weights. For example, it can a priori be decided that, because verbal tasks are more relevant in everyday life than visual tasks, the verbal memory task should receive twice the weight that the visual memory task receives when computing
the composite score. Weights can also be determined and assigned through statistical methods.3, 4 Once the composite score has been calculated for each patient, the M(SD) composite score can be calculated for CR and TV groups separately at the study baseline and at the study endpoint and then processed using usual statistical methods; this can
be done whether the composite score is a total or an average of the Z scores of the individual cognitive tasks. Some people find it hard to understand Z scores, especially when values are negative (readers are reminded that Z scores have a mean of 0, and that Z values that are negative indicate scores that are below the mean of the sample). This
difficulty can be resolved by converting Z scores into other standard scores. The Z score is one example of a standard score; using simple formulae, Z scores can be converted to other standard scores that have only positive values and other specific properties. An example is the T score which has M=50 and SD=10. Stanine and sten scores are based
on the same principle. Stanine (standard nine) scores range from 1 to 9, with a mean of 5 and an SD of 2; sten (standard ten) scores range from 1 to 10, with a mean of 5.5 and an SD of 2. Stanine and sten scores are used in some psychological tests. IQ scores are also standardized; they have a mean of 100 and an SD of 15. Readers may note that Z
transformation and other methods of standardization do not change the ranking of the original data. The Z score for an individual measurement can be calculated using the mean and standard deviation of a sample, or of a pooled sample, or of the population, depending on the context in which the Z score requires to be derived and used. If the sample
comprises a single group, such as a class of students, the Z scores are based on the M(SD) of that group. If there are two groups, such as in the study described in this article, Z scores should be calculated based on the M(SD) of the pooled sample. However, when Z scores are interpreted for a single individual on a test for which population norms are
available, the population mean and standard deviation are used rather than the sample M(SD). As an aside, for the study described in this article, why are the Z scores computed for the pooled sample; why cannot the Z scores be computed for each group separately, and then M(SD) Z scores compared between groups? The answer ought to be
obvious. Z scores may create new values but do not change the ranks (order) of the raw scores within a group; and these new values have an M(SD) of 0(1) because, as stated earlier, this is a property of Z scores. So, if Z scores are computed separately for CR and TV groups, the M(SD) of the z scores for each group will be 0(1), making comparisons
between groups illogical. However, if the CR and TV groups are pooled, the order of the raw scores will change; whereas the M(SD) of the Z scores for the pooled group will be 0(1), the Z scores for the CR and TV group patients will depend on the new order, and the M(SD) of the Z scores for the CR and TV groups will no longer each be 0(1). So, the
M(SD) Z scores thus created can now be validly compared between the CR and TV groups. Pooling of groups is done in certain nonparametric tests, as well. For example, in the Mann-Whitney and Kruskal-Wallis tests, the groups are pooled, individual values are ranked, and then the ranks are compared across groups. Knowledgeable readers may
recognize that the standardized mean difference that is a measure of pooled effect size in meta-analysis and the (standardized) beta coefficient in regression analysis are both based on principles similar to those discussed in this article. A discussion on these, however, is out of the scope of the present article. 1.Andrade C. Multiple testing and
protection against a Type 1 (false positive) error using the Bonferroni and Hochberg corrections. Indian J Psychol Med, 2019; 41(1): 99-100. [DOI] [PMC free article] [PubMed] [Google Scholar] 2.Norman GR and Streiner DL. Biostatistics: The bare essentials. 4th ed. People’s Medical Publishing House,, 2014. [Google Scholar] 3.Song MK, Lin FC,
Ward SE, et al. Composite variables: When and how. Nurs Res, 2013; 62(1): 45-49. [DOI] [PMC free article] [PubMed] [Google Scholar] 4.Andrade C. Mean difference, standardized mean difference (SMD), and their use in meta-analysis: As simple as it gets. J Clin Psychiatry, 2020; 81(5): 20f13681. [DOI] [PubMed] [Google Scholar] Articles from
Indian Journal of Psychological Medicine are provided here courtesy of Indian Psychiatric Society South Zonal Branch Stanine scores are used in education to compare student performance over a normal distribution. Stanine scores convert raw test scores to a one-digit whole number to simplify test interpretation. Typically, stanine scores between 4
and 6 are considered average, scores of 3 or less are below average while scores of 7 or greater are above average. Find the mean test score and subtract this from each score. Square each of these differences and then add the results. Divide this sum by the number of scores, and take the square root of the quotient to find the standard deviation. For
example, for scores of 40, 94 and 35, the standard deviation would be about 27. To find the z-score, divide the difference between each test score and the average by the standard deviation. The z-score describes how many standard deviations each test score is from the mean. A z-score of zero is average. For example, the z-score for the score of 40
would be about -0.6. Compare the z-score to the ranges of stanine scores. Stanine 1 consists of z-scores below -1.75; stanine 2 is -1.75 to -1.25; stanine 3 is -1.25 to -0.75; stanine 4 is -0.75 to -0.25; stanine 5 is -0.25 to 0.25; stanine 6 is 0.25 to 0.75; stanine 7 is 0.75 to 1.25; stanine 8 is 1.25 to 1.5; and stanine 9 is above 1.75. For example, the test
score of 40 would fall in stanine 4. Investopedia.com: Z-score Readingstats.com: Stanine Scores Post, Anne. "How To Calculate Stanine Scores" sciencing.com, . 13 March 2018. APA Post, Anne. (2018, March 13). How To Calculate Stanine Scores. sciencing.com. Retrieved from Chicago Post, Anne. How To Calculate Stanine Scores last modified
March 24, 2022. Stanine scores are used in education to compare student performance over a normal distribution. Stanine scores convert raw test scores to a one-digit whole number to simplify test interpretation. Typically, stanine scores between 4 and 6 are considered average, scores of 3 or less are below average while scores of 7 or greater are
above average. Find the mean test score and subtract this from each score. Square each of these differences and then add the results. Divide this sum by the number of scores, and take the square root of the quotient to find the standard deviation. For example, for scores of 40, 94 and 35, the standard deviation would be about 27. To find the z-score,
divide the difference between each test score and the average by the standard deviation. The z-score describes how many standard deviations each test score is from the mean. A z-score of zero is average. For example, the z-score for the score of 40 would be about -0.6. Compare the z-score to the ranges of stanine scores. Stanine 1 consists of z-
scores below -1.75; stanine 2 is -1.75 to -1.25; stanine 3 is -1.25 to -0.75; stanine 4 is -0.75 to -0.25; stanine 5 is -0.25 to 0.25; stanine 6 is 0.25 to 0.75; stanine 7 is 0.75 to 1.25; stanine 8 is 1.25 to 1.5; and stanine 9 is above 1.75. For example, the test score of 40 would fall in stanine 4. Investopedia.com: Z-score Readingstats.com: Stanine Scores Post,
Anne. "How To Calculate Stanine Scores" sciencing.com, . 13 March 2018. APA Post, Anne. (2018, March 13). How To Calculate Stanine Scores. sciencing.com. Retrieved from Chicago Post, Anne. How To Calculate Stanine Scores last modified March 24, 2022. section oneStanine scores (short for “Standard Nine”) are standardised 1-9 scores
commonly used in psychometric testing. Stanine scores allow psychometricians to convert rather abstract scores into more interpretable numbers, with a score of 5 representing the average performance. 1:02 Lead consultant, Ben Schwencke, explains what a stanine score is.As with other standardised scores, they are based on the average and
distribution of scores for a specific population.When using Stanine scores, scores between 1-3 are typically considered to be “low” scores, scores between 4-6 are often considered the “average” range, and scores 7-9 are considered “high” scores. Technically, Stanine scores theoretically can range from negative infinity to positive infinity, but the vast
majority of data points in a normally distributed dataset will fall between 1-9. Traditionally, Stanine scores are reported as whole numbers rather than decimals.Stanine scores are similar to percentiles, which are also used to report scores in a standardized way. Percentiles divide the distribution of scores into 100 parts, while Stanine scores divide the
distribution of scores into 9 parts. By definition, the average Stanine score is 5, which is analogous to a percentile rank of 50. Stanine scores can be useful for setting broad pass marks or cut-scores, and are commonly used in educational and psychological testing. A stanine score is a numerical score ranging from 1 to 9 that is used to describe a
person’s performance on a standardized test. It is based on a nine-point scale that divides the entire range of scores into nine equal parts. Stanine scores are useful as they provide a quick way to summarize and compare results from a standardized test, with higher scores indicating higher levels of performance. Examples of tests that use stanine
scores include the SAT, ACT, and Intelligence Quotient (IQ) tests. A stanine score, short for “standard nine” score, is a way to scale test scores on a nine-point standard scale. Using this method, we can convert every test score from the original score (i.e. 0 to 100) to a number between 1 and 9. We use a simple two-step process to scale test scores to
stanine scores: 1. Rank each test score from lowest to highest. 2. Give the lowest 4% of scores a stanine score of 1, the next lowest 7% of scores a stanine score of 2, and so on according to the following table: In general, we regard test scores as follows: Stanines 1, 2, 3: Below average Stanines 4, 5, 6: Average Stanines 7, 8, 9: Above average It turns
out that a stanine scale has a mean of five and a standard deviation of two. Pros & Cons of Stanine Scores Stanine scores offer the follow pros and cons: Pro: Stanine scores allow us to gain a quick understanding of where a given test score lies relative to all other test scores. For example, we know that a student who receives a test score in stanine 5
belongs to the middle 20% of all test scores. And we know that a student who falls in stanine 9 received a test score in the top 4% of all scores. Con: The drawback of using stanines is that each stanine is not equally sized and a test score in a given stanine could be closer to scores in the next stanine compared to scores within its own stanine. For
example, students who receive a score in the 40th through 60th percentile are all grouped together in stanine 5. However, a student whose test score falls in the 58th percentile would be closer to the scores received in stanine 6 compared to most of the scores received in stanine 5. Alternatives to Stanine Scores 1. A percentile tells us the percentage
of all scores that a given test score lies above. For example, a test score at the 90th percentile is higher than 90% of all test scores. A test score that falls at the 50th percentile is exactly in the middle of all test scores. 2. A z-score tells us how many standard deviations a given score is from the mean. It is calculated as: z = (X - 1) / 0 where: X is a
single raw data value 1 is the mean of the dataset ¢ is the standard deviation of the dataset We interpret z-scores as follows: A positive z-score indicates that a test score is above the mean A negative z-score indicates that a test score is below the mean A z-score equal to zero indicates a test score that is exactly equal to the mean The further away a z-
score is from zero, the further a given test score is from the mean. Both z-scores and percentiles give us a more precise idea of where certain test scores rank compared to stanine scores. In order to continue enjoying our site, we ask that you confirm your identity as a human. Thank you very much for your cooperation. A stanine score, short for
“standard nine” score, is a way to scale test scores on a nine-point standard scale. Using this method, we can convert every test score from the original score (i.e. 0 to 100) to a number between 1 and 9. We use a simple two-step process to scale test scores to stanine scores: 1. Rank each test score from lowest to highest. 2. Give the lowest 4% of
scores a stanine score of 1, the next lowest 7% of scores a stanine score of 2, and so on according to the following table: In general, we regard test scores as follows: Stanines 1, 2, 3: Below average Stanines 4, 5, 6: Average Stanines 7, 8, 9: Above average It turns out that a stanine scale has a mean of five and a standard deviation of two. Pros & Cons
of Stanine Scores Stanine scores offer the follow pros and cons: Pro: Stanine scores allow us to gain a quick understanding of where a given test score lies relative to all other test scores. For example, we know that a student who receives a test score in stanine 5 belongs to the middle 20% of all test scores. And we know that a student who falls in
stanine 9 received a test score in the top 4% of all scores. Con: The drawback of using stanines is that each stanine is not equally sized and a test score in a given stanine could be closer to scores in the next stanine compared to scores within its own stanine. For example, students who receive a score in the 40th through 60th percentile are all
grouped together in stanine 5. However, a student whose test score falls in the 58th percentile would be closer to the scores received in stanine 6 compared to most of the scores received in stanine 5. Alternatives to Stanine Scores Two alternatives to stanine scores are percentiles and z-scores. 1. A percentile tells us the percentage of all scores that
a given test score lies above. For example, a test score at the 90th percentile is higher than 90% of all test scores. A test score that falls at the 50th percentile is exactly in the middle of all test scores. 2. A z-score tells us how many standard deviations a given score is from the mean. It is calculated as: z = (X - ) / 0 where: X is a single raw data value
B is the mean of the dataset o is the standard deviation of the dataset We interpret z-scores as follows: A positive z-score indicates that a test score is above the mean A negative z-score indicates that a test score is below the mean A z-score equal to zero indicates a test score that is exactly equal to the mean The further away a z-score is from zero,
the further a given test score is from the mean. Both z-scores and percentiles give us a more precise idea of where certain test scores rank compared to stanine scores. Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any purpose, even
commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you
remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in
the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Mitch Blunt / Getty Images Stanine scores are
a way to rescale raw scores into a nine point scale. This nine point scale provides an easy way to compare individuals without worrying about small differences in raw score. Stanine scores are typically used with standardized testing and are often reported on the results along with raw scores. We will see an example of how to calculate stanine scores
for a sample data set. There are 100 scores in the table below that are from a population that is normally distributed with a mean of 400 and a standard deviation of 25. The scores have been ranked in ascending order as 351 380 392 407 421 351 381 394 408 421 353 384 395 408 422 354 385 397 409 423 356 385 398 410 425 356 385 398 410 425
360 385399410 426 362 386 401 410 426 364 386 401 411 427 365 387 401 412 430 365 387 401 412 431 366 387 403 412 433 368 387 403 413 436 370 388 403 413 440 370 388 403 413 441 371 390 404 414 445 372 390 404 415 449 372 390 405 417 452 376 390 406 418 452 377 391 406 420 455 We will see how to determine which raw
scores become which stanine scores. The first 4% of ranked scores (raw scores 351-354) will be given a stanine score of 1.The next 7% of ranked scores (raw scores 356-365) will be given a stanine score of 2.The next 12% of ranked scores (raw scores 366-384) will be given a stanine score of 3.The next 17% of ranked scores (raw scores 385-391) will
be given a stanine score of 4.The middle 20% of ranked scores (raw scores 392-406) will be given a stanine score of 5.The next 17% of ranked scores (raw scores 407-415) will be given a stanine score of 6.The next 12% of ranked scores (raw scores 417-427) will be given a stanine score of 7.The next 7% of ranked scores (raw scores 430-445) will be
given a stanine score of 8.The next 4% of ranked scores (raw scores 449-455) will be given a stanine score of 9. Now that the scores have been converted to a nine point scale, we can easily interpret them. A score of 5 is the midpoint and is the average score. Each point in the scale is 0.5 standard deviations away from the mean.



