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Abstract 

The development of a standardized assessment can, in general, be broken into multiple 

stages.  In the first, items to be used in the assessment are generated according to the skills and 

abilities that are to be assessed and the needs of the developers.  These items are then, ideally, 

tested in the field on members of the population for which the assessment is intended.  Item 

Response Theory (IRT) analysis is used to reveal items in the item pool which are unusable due 

to measurement error, redundancy in the level of item difficulty, or bias.  More potential items 

may be generated and tested until there is a set of valid items with which the developers can 

move forward.  The present study focused on the steps of item tryout and analysis for the 

establishment of demonstrable item-level validity.  Fifty-one potential test items were analyzed 

for a version of the Shirts and Shoes Test (Plante & Vance, 2012) for 6-year-olds.  A total of 

23 items were discarded due to error in one or more of the measures mentioned above, and one 

item was discarded due to its low difficulty.  The remaining 27 items were deemed suitable for 

the 6-year-old population.
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Item Analysis for the Development of the Shirts and Shoes Test for 6-Year-Olds 

1.  Background 

1.1 Determination of Validity 

Practicing clinicians should be concerned about the validity of standardized assessments 

that are used for the purpose of diagnosing and monitoring disorders of speech and language.  

Test-level measures, such as validity and reliability, have been widely discussed (Allen & Yen, 

1979; Anastasi & Urbina, 1997a; Plante & Vance 1994; Sprinthall, 2007) and are important to 

consider when selecting assessments.   Clinicians and researchers should also concern 

themselves with item-level measures of validity.  In general terms, valid items are: 1) items 

whose difficulty corresponds to the ability level of the target population, and 2) items which 

effectively measure the variable in question (Ackerman, 1992).  A valid assessment begins with 

valid items.   Even if a test has acceptable validity overall, if the items themselves are not valid 

clinicians cannot confidently use the test for many of its intended clinical or research purposes.  

To demonstrate this point, consider the following scenario: A clinician selects an assessment for 

the purpose of tracking change in the abilities of a client.  At the time of initial testing, the client 

correctly answers 16 items on a hypothetical test.  In order for the client to show true change at 

the next test date on this particular test, the client only needs to correctly answer the next two 

items on the assessment.  However, if these items are not valid in terms of their ability to 

measure the intended skill, mismeasurement at the item level can undermine the clinician's 

ability to assess true progress.  This could be due to any of a number of sources of statistical 

error at the item level.   
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1.2 Classical Test Theory (CTT) 

In CTT, the difficulty of the items is measured according to the pass/fail rate of 

examinees (Anastasi & Urbina, 1997b).  Items passed by more test takers are interpreted as 

easier than those passed by few test takers.  This is a largely descriptive measure that allows test 

developers to determine the degree to which item difficulties vary for the tryout sample that took 

those items.  However, the difficulty of the items is then tied solely to the tryout sample, as the 

relative item difficulty rankings cannot be dissociated from the sample of the specific children 

who took those items.  Specifically, a sample of particularly bright children will yield pass/fail 

rates that are quite different than a sample of children representing the full population of interest.  

This can be problematic if the test is intended to be given to a larger population that varies in 

skill level relative to the tryout group.  Moreover, CTT procedures for item evaluation can be 

conceptualized as equal to the test taker's true ability, plus the error contained in the item (Allen 

& Yen, 1979; Sprinthall, 2007).  However, this method does not provide developers with the 

statistical information necessary for determining the sources of error in the test items, and thus 

issues of item validity can often be missed.  One way in which test developers can attempt to 

work around this issue is through the creation of tests that include large numbers of items.  Large 

item sets can reduce the impact of overall item-level error because the error contained in the 

individual items will average out across the large item pool.  This is done because of the random 

nature of statistical error, which has an equal likelihood to over- and underestimate the true score 

(Sprinthall, 2007).  This method, however, is not conducive to efficient testing, especially with 

fragile populations such as adults in acute medical settings, young populations, or populations 

with cognitive deficits and disabilities because they may fatigue before many items can be 

administered.   
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1.3 Item Response Theory (IRT) 

IRT is a set of statistical procedures that can be used to evaluate the relationship between 

individuals’ responses to items and the individuals’ ability levels on the skill that the items are 

used to measure (Reeve & Fayers, 2005).  These procedures examine test takers’ item-level 

performance against an ideal representation of item performance.  This ideal representation is 

called an item characteristic curve (ICC) (See Figure 1).  The ICC is a graphical representation 

of the relationship between individuals' ability levels and their probability of providing a correct 

response to a given test item (Hambleton, Swaminathan, & Rogers, 1991).  Simply put, when a 

test taker’s ability is poorer than the difficulty of an item, the probability of passing that item 

should be low.  Conversely, when a test taker’s ability is greater than the difficulty of an item, 

the probability of passing should be very high.  When test taker ability is equal to item difficulty, 

the probability of passing should be close to 50%. 

ICCs provide developers with visual and statistical information about how each item is 

measuring the sample in which they are being tested.  How the actual item performs relative to 

the ideal curve is dependent upon the analysis of statistical measures such as fit statistics, point-

biserial correlations, and asymptote, which will be discussed in detail in later sections.  If a 

given item's true performance does not fit this ideal curve, it is typically due to an excess of error 

in one of the aforementioned statistical measures.  Items with noteworthy error in these areas that 

are deemed by the researchers to be unacceptable can then be easily identified and discarded.  By 

examining items' actual performance against an ideal representation of how a test item should be 

expected to perform, IRT addresses many of the shortcomings of CTT by allowing test 

developers to examine several possible sources of error providing an opportunity to reduce item-

level error either by adjusting items or rejecting them entirely.  IRT also allows for the creation 



Item analysis for the Shirts and Shoes Test for 6-year-olds 10 

 

of small, efficient item pools that effectively measure the intended population with a low level of 

error. 

 
Figure 1.  A representation of the ideal ICC.  The X-axis represents the ability level of 

individuals in the sample (scaled such that 0 represents average ability), while the Y-axis 

represents the probability of a correct response (scaled from 0 to 1.0, or 0% - 100%). 

 

1.4 The Current Study 

The purpose of this study was to obtain the performance of 6-year-olds on a generated 

item pool for the Shirts and Shoes Test (Plante & Vance, 2012) and evaluate the validity of these 

items with the aim of selecting a subset of items with demonstrable item-level validity.
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2.  Methods 

2.1 Participants 

Forty-five children were recruited from suburban charter schools in the Tucson, Arizona 

area.  Informed consent was obtained from caregivers of children enrolled in kindergarten and 

first grade for recruitment purposes.  Children who did not fall between the ages of 6;0 and 6;11 

at the time of testing were excluded from the study.  Of the 45 children included in the study, 28 

were White, five were Black, three were Multiracial, two were Native American, one was Asian, 

and six children’s race was not reported by caregivers.  Thirteen children were reported to be of 

Hispanic background, 15 were reported as Non-Hispanic, and 17 had no report of ethnicity.  All 

children were native English speakers, and 12 spoke or were exposed to at least one other 

language in the home.  Children who were not native English speakers were excluded from the 

study.  Based on information gathered from parents prior to testing, 26 children were classified 

as typically-developing (TD), three had parents who reported concerns about learning, three had 

parents who reported unspecified developmental concerns (“Other”), two had reported speech-

language delays, two had hearing impairments, two had seizure disorders (one of which also had 

a hearing impairment), and one had a diagnosis of Autism and was reported to be a late-talker.  

Another seven children were classified as being at risk for communication disorders, defined as 

children whose caregivers reported possible speech and language concerns but had not received 

formal diagnosis or evaluation at the time of testing.  Both TD children and children with 

varying diagnoses and language and learning concerns were included in the sample in order to 

test the items against a sample with a wide distribution of ability.  This point will be elaborated 

upon in section 2.4.1. 
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2.2 Materials 

The Shirts and Shoes Test (Plante & Vance, 2012) measures morphosyntax through the 

use of manipulable tokens and spoken instructions in order to assess children’s receptive 

language abilities.  Eight foam-board tokens of large and small shirts, shoes, socks, and shorts 

(See Figure 2) are placed on a table in front of the child with the large tokens placed above the 

small tokens.  The test form provides a specific order for the arrangement of the tokens.  The 

child is then read instructions in the form of single sentences and must manipulate the tokens in 

accordance to what is said by the examiner.  There are four practice items that were designed to 

assure knowledge of the key vocabulary as well as train expected responses (e.g., touch, move).  

The items are comprised of complex sentences containing one or more main clauses, subordinate 

clauses, adverbial phrases, or prepositional phrases and assess the child's ability to recognize 

spatial terms, negatives, plurals, and conjunctions (e.g.  "Put the little shirt next to the big 

shoes."). 

Two versions of the Shirts and Shoes Test (Plante & Vance, 2012) were used in order to 

assess the item functioning of 51 potential test items.  Each version consisted of four identical 

practice items followed by 24 unique test items, and three test items which were repeated on both 

versions for a total of 27 test items presented.   A subset of seven children were administered 

both version of the test on different days.  The three repeated items and the subset of children 

who received all test items allowed the IRT statistics to anchor estimates of item difficulty and 

child ability levels.  The IRT statistical procedures can estimate test characteristics for the entire 

item set even though all children did not receive all items.  Furthermore, the use of two versions 

with some overlapping items allowed for the evaluation of a large set of items but prevented 

fatigue on the part of the child by not requiring every child to complete every item.
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Figure 2.  Tokens used by examiners during the item tryout of the Shirts and Shoes Test (Plante 

& Vance, 2012).  The tokens were arranged in the order pictured above for every child that was 

tested. 

 

2.3 Procedures 

All examiners were trained by test developers on proper administration of the test in a 

training session before data collection began.  Examiners travelled to charter school locations in 

the Tucson Metropolitan Area in order to assess children in a familiar academic setting.  

Children were randomly assigned one of the two test versions with the exception of the seven 

children who were given both versions (in random order).  For 13 children, scores were recorded 

simultaneously by two examiners in order to assess interrater reliability.  Point-to-point 

reliability was calculated by counting the number of agreements across the two test forms for 

these 13 children and dividing the number of items in agreement by the number of total items.  

Average interrater reliability was 96.58%. 

2.4 Analysis 

Items were evaluated for their difficulty, and for the error in the measures of asymptote, 

fit statistics, and point-biserial correlations.  For the purpose of this study, items with a level of 
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error greater than .2 (20%) in asymptote and fit measures were excluded from the item pool.  The 

size of acceptable error varies depending on the goals of the researcher (Reeve & Fayers, 2005).  

In this case, an error level of 20% was deemed to be acceptable because it allows for 80% of the 

results to be explained by true variance which is a commonly accepted, and somewhat 

conservative, error/variance ratio based on existing literature on test development and validity 

(cf., Babcock & Weiss, 2012).   

2.4.1 Item difficulty (measure) and person ability 

Measure statistics are quantifications of item difficulty.  If the difficulty of the set 

of tryout items is well matched to the ability level of the tryout sample, and that sample 

represents the larger population of interest, then the measure statistics will be invariant of 

the sample and thus can be applied across the larger population (Allen & Yen, 1979).  To 

maximize the ability range of the tryout sample, both TD children and children with 

varying diagnoses were included in the sample.  We scaled the measure statistics such 

that a value of 0.0 represents items of perfectly average difficulty.  Negative values 

represent ‘easier’ than average items, while values greater than 0.0 represent items that 

are ‘harder’ than average.   

Person ability, in the context of this analysis, refers to abilities of receptive 

morphosyntax.  The measurement of ability followed the same scale as item difficulty, 

such that a value of 0.0 represents perfectly average ability.  Negative ability values 

represent lower than average ability, while ability values greater than 0.0 represent higher 

than average receptive morphosyntax abilities. 
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2.4.2 Fit statistics 

Infit and outfit statistics can be used to determine how well actual child 

performance on each item fits the ideal ICC.  Infit is a measure which determines how 

well the individuals in the average ability range fit the ICC, while outfit demonstrates 

how well the individuals at the upper and lower extremes of the ability level fit the ICC.  

A fit measure of 1.00 is indicative of a perfect fit to the ideal ICC, while a fit measure of 

less than 1.00 indicates that the data fits the ICC better than expected.  This occurs 

because the statistical model assumes some noise (statistical error) in the data, and data 

containing less than the expected noise will produce fit statistics smaller than 1.00.  Thus, 

fit statistics of less than or equal to 1.00 are considered to be indicative of a usable item.  

Fit statistics greater than 1.00, however, are indicative of more error in the data than 

expected.  Each hundredth above 1.00 may be considered as a percentage point of error in 

the analysis of fit statistics.  Thus, an item with an outfit of 1.05 can be considered to 

reflect 5% measurement error, and 1.55 can be considered as having 55% error. 

2.4.3 Point-biserial correlations 

Point-biserial correlations are correlations of the total test score with the pass/fail 

rate of a given item.  In order for items to have acceptable point-biserial correlations, the 

correlation must be positive.  If a point-biserial correlation for a given item is negative, 

this means that an individual with a higher ability level is less likely to provide a correct 

response to that item.  Given that this represents the opposite of the expected relation 

between ability (as measured by total test score) and item-level performance, negative 

point-biserial values are considered a serious source of error.  Note that point-biserial 

metrics are also used under CTT approaches to item analysis. 
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2.4.4 Upper and lower asymptote 

Assessment of the upper and lower asymptotes of the ICC for a given item 

provides insight into whether or not the item is a valid item.  Ideally, the lower asymptote 

of the ICC will be 0.0, indicating that participants at the lowest extreme of the ability 

scale have zero probability of answering that item correctly.  The inverse is true of the 

upper asymptote measure; that is, when the upper asymptote of the ICC is 1.0, 

participants at the upper extreme of the ability scale should have a 100% chance of 

answering the item correctly.  Items can be considered problematic when the upper and 

lower asymptotes move away from these respective extremes.  For example, an item 

whose lower asymptote is .75 can be classified as ‘too easy’ or 'too guessable' due to the 

fact that those participants who fall within the lower extreme of the ability scale have a 

75% chance of correctly responding to the item.  An item whose upper asymptote is .35 

may be an overly difficult item, as those participants at the upper extreme of the ability 

scale only have a 35% chance of correctly responding to the item.
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3.  Results 

3.1 Items to be Discarded 

A total of 23 items were discarded due to error in one or more of the measures mentioned 

above, and one item (18c) was discarded due to its low difficulty.  Table 1 shows the items that 

were discarded and the reason(s) why they were dropped from the test.  As Table 1 demonstrates, 

it is possible for items to have error in multiple measures. 

3.2 Item Difficulty and Person Ability 

Difficulty, or measure statistics, for the set of all items ranged from -1.47 to 1.59.  Figure 

3 shows a mapping of all items arranged in descending order of difficulty against a mapping of 

all participants arranged in descending order of ability.  Item 18c was dropped from 

consideration as it had the minimum measure (-1.86) having been being passed by all 

participants.  This indicates that this item did not discriminate among the ability levels of any of 

the children in the tryout sample. 

Person ability ranged from 1.79 to -.66 with a mean of .50.  Six children with parent 

reported diagnoses of disorder fell at or below the mean of person ability, and six fell above the 

mean.  Of the six children who fell at or below the mean, two had diagnosed speech and 

language disorders, two had suspected learning concerns, one had a diagnosis of autism and was 

reported to be a late-talker, and one had a diagnosis of “Other”.  Of the six children who fell 

above the mean, two had hearing impairments, two had diagnoses of “Other”, one had a seizure 

disorder, and one had suspected learning concerns.  Five children classified as “at risk” for 

communication difficulties fell below the mean of person ability, and two fell above the mean.



Item analysis for the Shirts and Shoes Test for 6-year-olds     18 

 

 

Table 1  

 

  

Items Discarded Following IRT Analysis 

 

  

Item Reason(s) item was dropped Item Reason(s) item was dropped 

42b Point-biserial = -.10 45d Outfit error = 37%, Lower asymptote = .81, 

Point-biserial = -.50 

43b Point-biserial = -.08 32b Lower asymptote = .85 

9b Point-biserial = -.03 27a Lower asymptote = .20 

42d Upper asymptote = .38, Point-biserial = -.03 36a Point-biserial = -.19 

6a Outfit error = 33% 30a Lower asymptote = .25 

42a Outfit error = 41% 19c Infit error = 33%, Outfit error = 62%,  

Upper asymptote = .79 

16a Outfit error = 322% 14b Outfit error = 30% 

25c Outfit error = 111% 24d Lower asymptote = .34 

14a Infit error = 21%, Outfit error = 33%,  

Upper asymptote = .72 

27b Infit error = 25%, Lower asymptote = .81 

30b Infit error = 33%, Outfit error = 55%,  

Lower asymptote =.27 

24c Infit error = 21%, Outfit error = 90%,  

Point-biserial = -.15 

23b Infit error = 56%, Outfit error = 89%,  

Upper asymptote = .67, Lower asymptote = .33 

15b Point-biserial = -.07 

21b Lower asymptote = .81, Point-biserial = -.08 18c Minimum measure 
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3.3 Fit Statistics 

As stated in section 2.4.2, items were discarded if their measures of fit (infit and outfit) 

contained an error of greater than .2, or 20%.  Thus, items were retained if they had both infit 

and outfit measures less than or equal to 1.20.  A total of 11 items were discarded due to errors of 

fit ranging from 21% to 322%.  One item was discarded due to error of infit, five items were 

discarded due to error of outfit, and five items were discarded due to errors of both measures. 

3.4 Point-biserial Correlations 

Items were discarded if their point-biserial correlations were negative.  A total of nine 

items were discarded due to negative point-biserial correlations, ranging from -.03 to -.50. 

3.5 Upper and Lower Asymptotes 

As stated in section 2.4.4, items were discarded if their upper and lower asymptote 

measures contained error greater than .2, or 20%.  Items were retained if their upper asymptote 

fell between .80 and 1.00, and if their lower asymptote fell between 0.00 and 0.20.  A total of 12 

items were discarded due to errors involving the asymptotes.  Three items were discarded due to 

upper asymptote error, eight items were discarded due to lower asymptote error, and one item 

was discarded due to error in both upper and lower asymptote. 
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Figure 3.  This map represents participants (left column) and items being tested (right column).  

Participants are mapped in descending order from those with the highest ability level to those 

with the lowest ability level.  Items are mapped in descending order from most to least difficult, 

with difficulty quantified on a scale from 2 to -2.   

Key: TD = Typically Developing; R = At-Risk; I = Impaired, M = Mean, S = 1 standard 

deviation, T = 2 standard deviations
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4.  Discussion 

4.1 Item Tryout and IRT 

The primary purpose of this study was to develop a subset of items for the Shirts and 

Shoes Test (Plante & Vance, 2012) with demonstrable item-level validity for the 6-year-old 

population.  Twenty-three of the 51 items tested did not meet the validity criteria and thus were 

eliminated from the test, leaving 28 items with acceptable item-level validity.  One item was then 

discarded due to its difficulty level being too low for this population, leaving a final corpus of 27 

items whose measures of validity are shown in Table 2. 

As discussed previously, test developers have several options available for determining 

item validity at the varying stages of development.  IRT was chosen for this analysis due to its 

ability to detect multiple sources of error.  When CTT is used for item tryout and analysis, the 

only statistical measure that is taken into consideration for the elimination of poorly-performing 

items is the point-biserial correlation and descriptive measures of overall pass/fail rates for 

individual items.  If CTT had been used for the present analysis, only nine items would have 

been eliminated from the tryout set.  This means that 14 items with varying levels of error would 

have remained in the final set.  Additionally, this would have resulted in a final corpus of 42 

items rather than 27, which would be quite a long test for the intended population.  IRT 

procedures allowed for the culling of items for up to four violations of validity criteria and 

resulted in a much more manageable number of items.   

The multiple measures which are analyzed by IRT procedures provide developers with a 

greater degree of confidence that the assessment being developed and tested is valid not only at 

the test-level, but at the item-level as well.  This is crucial for practicing clinicians and 
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Table 2 

 

Items Retained Following IRT Analysis 

 

Item Measure Infit Outfit Point-biserial 

correlation 

Upper 

asymptote 

Lower 

asymptote 

44b 1.59 .81 .59 .19 1.00 0.0 

44a 1.50 .96 .67 .17 1.00 0.0 

45ba 1.17 1.03 .97 .17 1.00 .02 

45c 1.17 .99 .89 .12 1.00 0.0 

45ba 1.09 1.15 1.03 .12 .82b .04 

29c .86 1.18 1.06 .48 .81 .05 

42c .86 .99 .98 .32 1.00 .01 

45a .86 .67 .58 .22 1.00 0.0 

6b .76 .70 .60 .35 1.00 0.0 

13ba .66 .84 .75 .31 1.00 0.0 

13ba .48 .91 .87 .05 1.00 0.0 

9a .38 .92 .88 .33 1.00 0.0 

8ba .25 .81 .75 .25 1.00 0.0 

43a .04 .93 .81 .01 1.00 0.0 

12a -.03 1.12 1.20 .37 .94 0.0 

25d -.07 .75 .66 .59 1.00 0.0 

8ba -.14 .91 .70 .43 1.00 .77b 

19d -.28 .94 .72 .21 1.00 0.0 

31c -.32 1.08 .83 .12 1.00 .09 

34a -.43 .70 .44 .25 1.00 0.0 

31d -.43 .71 .45 .43 1.00 0.0 

7b -.63 .70 .43 .29 1.00 0.0 

32a -.85 .93 1.07 .23 1.00 0.0 

16b -1.07 .98 1.12 .22 1.00 0.0 

21a -1.07 1.00 .64 .04 1.00 0.0 

20c -1.07 .80 .30 .34 1.00 0.0 

26a -1.23 .94 .39 .20 1.00 0.0 

15a -1.47 .90 .29 .23 1.00 0.0 

26b -1.47 1.07 .71 .15 1.00 0.0 

18d -1.47 .90 .29 .23 1.00 0.0 
a Denotes the three items that were repeated across both versions of the test. 
b Differences in asymptote measures for items repeated across test versions were examined and 

determined to be the likely result of ordering effects 
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researchers due to the strong connection between item validity and accurate description of 

performance.   

Simply stated, regardless of the overall validity of a given test, if its items do not have 

demonstrable validity when examined individually clinicians and researchers will be unable to 

confidently report performance in the context of making diagnoses or tracking change.   

4.2 Next Steps 

When the items that did not meet validity criteria were eliminated, the item map was 

examined for gaps in coverage in relation to where the individuals in the tryout sample fell (see 

Figure 4).  This map suggests that it may be necessary for the inclusion of a larger number of 

items at and below the mean ability level of the individuals in the tryout sample.  If this is the 

case, then these items will need to be tested in the same manner as the items in the current study 

before moving forward.  The map also shows that 8 items did not measure any of the participants 

in the tryout sample, as the items’ difficulty level fell below the ability level of the least able 

participant.  This, however, does not mean that these are not useable items.  These items may be 

tested on the younger populations (3- to 5-year-olds) for which the Shirts and Shoes Test (Plante 

& Vance, 2012) is being developed.  It may be the case that these items are useable on these 

populations, or they could be utilized as entry points for the 6-year-old version of the test. 

4.3 Conclusions 

This study successfully collected and analyzed the performance of 6-year-olds on a 

corpus of tryout items for the Shirts and Shoes Test (Plante & Vance, 2012).  IRT procedures 

were used successfully to obtain a subset of 27 items with demonstrable item-level validity. 
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Figure 4.  This map represents participants (left column) and the items (right column) that 

remained after the 23 items which violated validity criteria and the item with minimum measure 

were eliminated.  Of note is the correspondence between the participants at and below the mean 

of ability and the items at the same level on the map.  This map suggests that it may be necessary 

to include more items at this level to ensure these individuals are being accurately measured.
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