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Test Review: Lindamood Auditory Conceptualization Test 3 (LAC-3)
	Name of Test: Lindamood Auditory Conceptualization Test 3 (LAC-3)

	Author(s): Patricia C. Lindamood and Phyllis Lindamood

	Publisher/Year: 1971, 1979, and New York Times Teaching Resources and DLM, 2004 PRO-ED 

	Forms: one

	Age Range: 5 years, 0 months to 18 years, 11 months

	Norming Sample:

Sampling was conducted in 1998 through 2002. The sample was compared to Statistical Abstract of the United States (U.S. Bureau of the Census, 2001) for the school age and adult (for race and ethnic origin) of the U.S. population as well as data from Sourcebook America for family income and parental educational attainment.

Total Number: 1003 

Number and Age: 5 to 18 years, by year intervals

Location: Testing took place in 8 states in four regions: California, Florida, Illinois, Maryland, Nebraska, New Hampshire, New Jersey, and Pennsylvania.
Demographics: Demographic information was reported for age, gender, race, Hispanic origin, family income, educational attainment of parents, disability status. Comment: Though the sample characteristics are comparable to U.S. census information, the number of students in each age range is small with only ages 15 and 16 years exceeding 100 participants. There were only 57 six-year-olds.
Rural/Urban: not specified

SES: SES was reported by family income in dollars, six ranges from under 15,000 to 75, 000 and over

Other: Disability categories used were: no disability (95% of sample), learning disability (4%), deaf/hearing impairment (<1%), attention-deficit disorder (<1%), and other (not specified, <1%).
Comment: Only one paragraph in the manual and a summary table are dedicated to sample description in Chapter 5, “Normative Information” (Lindamood & Lindamood, 2004, p. 39). Therefore, I am left with some questions: how were the students selected, by whom, who were the testers and how were they trained, etc. For example, generally, tests I’ve reviewed will state that the student was determined to be learning disabled according to state guidelines or some other such designation
Comment: I am curious about the deaf/hearing impairment group and wondering about their performance but was unable to find any specific information about this group later in the validity studies section.

	Summary Prepared By (Name and Date): Eleanor Stewart, 3 August 2007

	Test Description/Overview

The third edition, issued by PRO-ED, includes changes based on “test reviews, clinical data, personal observations, and queries from individuals who used the test” (Lindamood & Lindamood, 2004, p. vii). These changes are the inclusion of representative normative data, more test items, new level of multisyllabic processing, item analysis studies, additional reliability and validity studies, evidence of absence of bias, and an audio CD examiner tutorial.
The test kit consists of the examiner’s manual, record booklets, 24 coloured plastic blocks, six coloured felt squares, and an audio CD which models the pronunciation and administration of test items. The examiner’s manual is formatted in the PRO-ED style with each chapter introduced with a green space at the top with key information about the chapter contents. For example, Chapter 6, “Reliability”, begins with a brief definition of the term and its importance to tests.
Theory: The LAC-3 is based on the authors’ theory that reading problems are based in part in auditory conceptualization. According to the original version (1979), the authors define auditory conceptualization as “the ability to encode, or visually represent, precisely how and where two spoken patterns vary in the number, identity, and sequence of their sounds” (Lindamood & Lindamood, 2004, p. 1).  The manual is sparse on empirical evidence to support the theory put forth by the authors other than citations of their own work. However, it is now well accepted that phonemic awareness is an important component of reading development. 
The LAC-3’s compare-and-contrast format is one of its most important contributions and may account for its ability to predict grade-appropriate levels of spelling and reading performance” (Lindamood & Lindamood, 2004, p. 6). As an example, the authors note that some students will perform better in decoding and spelling than their test results would suggest. However, the authors explain away this phenomenon by saying that these students “lack a dependable ability to compare the phoneme units in spoken syllables, so phoneme-grapheme comparisons in written syllables are undependable for them too. This presumably leads to their mixture of non-phonetic and phonetic errors in reading and spelling” (p. 6). Comment: In essence, this makes it sound like if the test does not properly identify students who are having problems, that it is a problem with the child and not the test. When reading the manual sections discussing the contributions of the LAC-3 and its foundational theory, no independent evidence is provided, leaving me to believe this is speculative.

The authors claim that up to a third or more of the population do not spontaneously develop the ability to compare syllable patterns in words or to know the identity, number, or sequence of sounds. This claim leads me to ask: is this a problem or a difference? It turns back to their observation of performance differences where they account for the difference by saying the student lacks a “dependable” ability. No statistical evidence is provided, nor is there any external validation.
Purpose of Test: The purpose of this test is “to measure an individual’s ability to perceive and conceptualize speech sounds using a visual medium” (Lindamood & Lindamood, 2004, p. vi). The authors state four purposes: 

1. to identify individuals who lack the foundation of phoneme awareness/ auditory conceptual function,

2. to “quantify”, “to aid in determining the degree of phoneme awareness/ auditory conceptualization that individuals can or cannot access” (p. 7),

3. to document progress in intervention, and

4. to use in research.

Areas Tested: 

· Phonological Awareness  FORMCHECKBOX 
 Segmenting   FORMCHECKBOX 
 Blending  FORMCHECKBOX 
 Elision  FORMCHECKBOX 
 Rhyming  FORMCHECKBOX 
  Other (Please Specify)

Who can Administer: Examiners should be those with experience in testing in the areas of education, language, or psychology. Interestingly, the authors point out that the test should be administered by “those individual whose own phoneme awareness is intact, such as individuals who are proficient oral readers of the English language and who are good spellers. However, some individuals, such as those with weak decoding skills, those who are not proficient in spoken English, or those with hearing impairments, may not be able to successfully produce the LAC-3 stimuli in the manner required. Ideally, those who administer the LAC-3 should be able to pass all items on the test” (Lindamood & Lindamood, 2004, p. 9).

Administration Time: Administration time is approximately 20 to 30 minutes though some individuals may take longer.



	Test Administration (General and Subtests): 

The test is said to be appropriate for a variety of students with a range of abilities. Among the students the authors feel are suitable candidates include those with “educable developmental delays, who are deaf or hearing impaired, who are non-English speakers, or who exhibit articulation disorders” (Lindamood & Lindamood, 2004, p. 9). Curiously, the authors raise concern about colour blindness. They respond by stating, “Examinees who are totally color blind should still be able to do the color-encoding tasks…Because the blocks are used to represent the sameness or difference of sounds, the ability to perceive color differences as different shades of gray is sufficient” (p. 9). Comment: I don’t think that there is enough information to include these groups. Interpretation of their performance would be problematic at best. I couldn’t find any information in the manual about interpreting specific to these groups.
The test begins with a pre-check in which the examiner determines if the student understands same/different concept, knows numbers one to four, left to right orienting, and first/last concept (Pre-check, Lindamood & Lindamood, 2004, p. 16). Comment: As with all phonological tests, I would check the student’s hearing status prior to administration.
All testing begins with the first item in each category. Ceilings are specified in the record booklet and vary with each category (i.e., subtest). The examiner is instructed to sit beside the student as the orientation of test activities proceeds from left to right. However, later in the manual, the authors state that the examiner should turn to face the student to allow the student to watch the examiner present the test items (i.e., to attend to visual cues). The authors suggest that the examiner note in the observational information whether or not the student used these cues. Also, the examiner is encouraged to note student behaviours during test administration. Delays, requests for repetition, and errors should be noted on the record form. 
The audio CD is to be used for examiner training to allow practice in pronouncing and presenting test items. The authors specifically state that it is not to be used for presenting the test to the student. 

Each category has demonstration items that are specific to the task. There are 4-6 steps outlined for dealing with the errors in each category. For example, Category 1, “Isolation”, introduces the general format which involves using coloured blocks to represent speech sounds. The number, sameness/difference, and order are features marked with the coloured blocks. Any coloured block can be chosen but when a represented sound is repeated, the block must be the same colour. The authors stated that children age 8 years or older will not have difficulty.  A short form can be used if the student completes with no missed items. However, if one item is missed, the complete category must be administered. If the student can successfully complete Category 1, then it is assumed that the student understands the idea of using blocks to represent speech sounds. The authors stated that if the student has difficulty with the next category, “Monosyllables”, then the examiner can ascertain that the problem is within the syllable level because differences, number, and order were ruled out at the Isolation level. 

If testing is discontinued due to fatigue or other student factors, it may be resumed later. The authors also state that the examiner may retest if he/she feels a particular section was invalid (Lindamood & Lindamood, 2004, p. 11). Delayed responses should be noted on the test form to be interpreted along with test performance (p. 10) though specific interpretation is not offered.

The presentation rate for the Isolation Category is approximately ½ second for each sound. The blocks are cleared after the student responds each time. Unless interrupted by another environmental sound, there are no repetitions allowed. The examiner is instructed to say, “I can only say them once; try to think what I said, or Show me what you think I said” (Lindamood & Lindamood, 2004, p. 17). One point is awarded for each correct response. Incorrect responses are scored zero. Three examples are provided to the student before the first test item. Appendix D outlines examples of error handling examples that are well laid out (pp. 89-100). 

Comment: Curiously the authors are not using the International Phonetic Alphabet (IPA). Though I am not familiar with the notations they use, I assume that the approach is perhaps a familiar one for test examiners who are educators.  
Comment from the Buros reviewer of the previous edition LAC-R: The reviewer felt that the results would be significantly influenced by the live-voice presentation (Bountress & Cox, 1985). I think that the same would be true of LAC-3; however, many tests rely on live presentation. To standardize to one voice faces many challenges not the least of which is deciding on which accent is representative. 


	Test Interpretation: 

Chapter 4 contains the information about compiling scores, observations, and interpreting the standardized scores. This section contains familiar information found in all PRO-ED test manuals. Toward the end of the chapter, the authors include a section on variables to consider when interpreting the LAC results. In this section, they address age and response rate.  According to the authors, older students and adults should have near-perfect performance on the LAC, and that having more than very few errors is a significant indicator of a reading problem that the student may not be aware of. Spelling errors are more easily detected than reading (decoding) errors because students use context cues as well when reading. Comment: Isn’t that normal? Why is it a problem to use context cues? Regarding younger students, the authors explain that identifying a problem early-on would lead to early intervention.
The LAC is not timed, however the authors introduce the idea of examining rate-of-response, because the students’ response rates may be significant indicators of a disability so that even a slow, accurate student may have a reading level considerably lower than their oral language level. Often students guess rather than decode. Citing work by Bell (2000), who is a colleague of the Lindamoods, the authors claim that these students may have significant difficulty with imaging letters. Assistance for remediating difficulties in decoding and imaging letters, may be addressed through the use of proprietary programs developed by both the Lindamoods and Bell. Comment: This seems somewhat suspicious, since no validation evidence is offered for the programs, and no other ideas are given for helping address disabilities in language.


	Standardization:  FORMCHECKBOX 
 Age equivalent scores  FORMCHECKBOX 
 Grade equivalent scores   FORMCHECKBOX 
 Percentiles   FORMCHECKBOX 
 Standard scores   FORMCHECKBOX 
 Stanines 

 FORMCHECKBOX 
 Other (Please Specify) SEMs are provided. 

	Reliability

Internal consistency of items: Coefficient alphas and SEMs for standard scored for each age interval ranged from .91 to .95. (x = .94). For selected subgroups: gender, race, and learning disabled, coefficient alphas ranged from .95 to .97. The authors state, “The large alphas…demonstrate that the test is equally reliable for all the subgroups investigated and support the idea that the test contains little bias relative to these groups” (Lindamood & Lindamood, 2004, p. 45).

Test-retest: Three sample groups were used: elementary (ages 5 to 10 years, n=33), middle school (ages 11 to 13 years, n=20), and high school students (ages 14 to 18 years, n=27) in Nebraska and Texas. The characteristics listed were gender, race, Hispanic origin, and disability. A two week interval was used, and the examiners are not identified. “The correlation coefficients corrected for the restricted range of the sample” (Lindamood & Lindamood, 2004, p. 45) were: Coefficient r .96 -.97.

Inter-rater: No information is provided.
Other: None


	Validity 

Content: The authors begin their presentation of the evidence for content validity by discussing the general rationale as well as the rationale for each category of test item. In terms of general rationale, the theoretical model and practical experience of the authors form the basis for the approach taken in the LAC-3. Based on their observation that students with difficulties were able to tell the difference at a syllable or word level but unable to discern differences in terms of how and where syllables differed in phoneme identity, number, and order, the authors proceeded with the notion that the basic ability to discriminate rested upon auditory conceptualization/phoneme awareness abilities. 
The authors based their inquiry on observation that “most individuals with language or literacy disorders were able to make gross judgments of sameness or difference regarding spoken or word pairs, but they could not make precise judgments as to how and where two syllables or words differed in the identity, number, and order of phonemes” (Lindamood & Lindamood, 2004, p. 48). They proceed to develop their intervention, Auditory Discrimination in Depth (ADD).

Comment: Again, no evidence is cited independent of their own work to suggest that this is in fact how reading proceeds or that the content of the test is valid. Although they claim that no other test functions similarly to the LAC, independent research must exist that could help corroborate the authors’ claims. 

Conventional Item Analysis: Quantitative evidence for content validity is outlined in the section on item analysis in which the authors report on item discrimination and item difficulty. Using the entire normative sample, the analyses generated coefficients for both discriminating power and item difficulty that were within the acceptable range for all age intervals of the LAC-3. Table 7.1 on page 52 (Lindamood & Lindamood, 2004) presents the median item discrimination coefficients approximating 50% and median item difficulty ranging from .39 at 6 years-of-age to .85 at 18 years-of-age.  
Criterion Prediction Validity: In one study, 155 students in Delaware, Pennsylvania, and Texas participated. Of these students, all of whom were administered the LAC-3, 123 were given the CTOPP Elision and Blending Words subtests and Phonological Awareness composite. The Diagnostic Achievement Battery- Third Edition Alphabet/Word Knowledge subtest was administered to 108 students. The Test of Phonological Awareness Skills was administered to 94 students. The characteristics of the samples used are outlined in terms of age, gender, race, ethnicity, and disability in Table 7.3. The results indicated large or very large coefficients for all test comparisons used.  Thus, the LAC-3 demonstrates that it measures the intended auditory conceptualization ability.

Additionally, the LAC-3 was correlated with the LAC-R using the raw scores for the retained test items (i.e., items unchanged from the earlier edition) from the normative sample. The resulting coefficient was .88. 
Construct Identification Validity: Chapter 8 is dedicated to the evidence for controlling test bias. In this chapter, the authors report that target groups were included in the sample and reliability and validity data demonstrate that these specific groups performed similarly on the LAC-3 (i.e., coefficients were high across groups).
Age differentiation: Using the normative sample with 14 age intervals, the authors present three correlation coefficients relating age to performance on the LAC. The results show steady increases in mean raw scores through age 11 years, and then slow growth from 11 years to 18 years-of-age, indicating that the skill continues to develop after 11 years-of-age, but at a slower rate.
Relationship to reading and spelling: The authors used two samples of students described in Table 7.6, to demonstrate the correlation between the LAC-3 and two measures of reading and spelling (the WRAT-3 and the Word Attack subtest from the WRMT-R). The results indicated large coefficients in the range of .58 to .70.  

Group differentiation: The authors identified poor readers using performance on the WRAT-3 reading and spelling subtests.  Ninety-two children who were poor readers and 263 proficient readers were selected for testing. Results indicated that the mean standard score of the poor readers was lower than the mean standard score of proficient readers, as predicted. Although the authors state that the sample was stratified by age, gender, race, Hispanic origin, family income, educational attainment of parents, disability status, etc., no information is provided for any of these groups’ performances on the LAC-3. However, the data that is provided for sensitivity, specificity, and positive predictive value meets the .70 standard.
Differential Item Functioning:  The section on differential item functioning is well-written and provides the reader with an easily understandable introduction to DIF. Using logistic regression, the entire normative sample was analyzed. The data generated “198 comparisons…, of which 18 were found to be statistically significant at the p < .001 level. Only 6 of the 18 significant comparisons were moderate or large by Jodoin and Gierl’s (2001) criteria” (Lindamood & Lindamood, 2004, p. 53).  Therefore, the authors concluded that the LAC-3 performed within the guidelines for gender, race, and ethnicity. 

Other: none



	Summary/Conclusions/Observations:
The authors make no attempt to link their theory to the considerable body of research on phonological awareness skills. Comment: I find it odd that a big publisher like PRO-ED would have published this test. Perhaps the LAC-3 is popular and widely used.

I think that generally children will have had no experience with the test activities. As unfamiliar tasks, I wonder what is being measured in addition to the claim of measuring phoneme awareness skills. Certainly memory is involved, perhaps aspects of visual perception are involved as well. More empirical study of validity is needed to sort this out or even comparisons with other phonemic awareness tasks from other tests.


	Clinical/Diagnostic Usefulness: 

The first question I would ask: Can the student hear well enough to do the LAC-3 tasks? My first approach would be to determine the student’s hearing status. In fact, that would be true for all testing but most particularly in the case of intense listening tasks required here. This crucial step would point rule out an important and commonly missed source of the student’s difficulty. 

I would be hesitant to use this test as it is unclear to me what is being measured and there is insufficient evidence that the test is valid for identifying students who have disabilities in auditory conceptualization. This makes me somewhat suspicious. 
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