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ABSTRACT

This study investigated factors affecting the scores of Hawai`i students taking the verbal
subtest of the Scholastic Aptitude Test (SAT). For the past several years, the mean verbal scores of
Hawaii students have consistently been among the lowest 10% of all states.

The investigation consisted of two major studies. Study 1 addressed the identification of
items and types of items that have been answered differentially by Hawai`i students in comparison
to Mainland U.S. students. We identified the items through differential item functioning (DT)
procedures which assess performance differences between groups of individuals with the same
overall scholastic aptitude. The results of the analyses indicated that Hawai`i students performed
less well than the Mainland reference group (students of equal overall scholastic aptitude) on the
early items in each of the antonym sections and better than the reference group on the more difficult
or later items in each section. Carelessness and unfamiliarity with the item type were identified as
possible causes.

Study 2 utilized a sample of Hawaii public school students who received brief instruction
addressing the low performance on the types of items identified in Study 1. Independent groups
t-tests conducted between the treatment students and a sample from the original pool of 1988
examinees showed equivalence of performance on the pretest. Treatment students performed
statistically significantly better at the .05 level than the comparison groups did after receiving the
treatment.



Introduction

Recent research studies have identified a number of factors related to differential item
functioning (students of equivalent scholastic aptitude performing differently on specific test items)
on the College Board's Scholastic Aptitude Test across different groups of examinees. Most
studies have focused on Black-White differences (Hackett, Holland, Pearlman, & Thayer, 1987;
Freed le & Kostin, 1987; Lord, 1977). Other studies have concentrated on differences between
Whites and Asians (Wright, 1983), Whites and Hispanics (Schmitt, 1985), and males and females
(Dorans & Ku lick, 1983; Lawrence, Curley, & Mc Hale, 1988).

The previously cited studies have concluded that the differential performance can be attributed
to factors linked to the content of the items. The factors identified include the presence of technical
(as opposed to philosophical) and science material, abstractness of the individual terms or
relations, declarative knowledge base (vocabulary and general knowledge), language skills, and
semantic relationships (e.g., class inclusion, part-whole, cause/purpose). Additional factors
involve specific item characteristics such as length of the passage or type of information being
requested in reading comprehension items and the number of blanks in sentence-completion items.

For the past several years, the mean scores of Hawai`i students on the verbal subtest of the
SAT have been among the lowest 10% of all states. To investigate how differential item
functioning (DIF) may be related to the performance of Hawaii students on the verbal subtest of
the SAT, a two-part research design was used. The first part addressed the identification of items
and types of items that have been answered differentially by Hawai`i students in comparison to
Mainland U.S. students of equivalent scholastic aptitude. In the second part of the investigation a
related instructional treatment was developed, administered, and tested for its effectiveness.

Study 1: Determination of DIF Between Hawaii and Mainland Students

Sample

The participants used in Study 1, dealing with the determination of DIF between Hawai`i and
Mainland students, were a randomly selected and representative sample of 114,029 college bound
seniors who were administered the Scholastic Aptitude Test nationwide in November 1988.

Instrumentation and Analysis of the Data

We applied the Mantel-Haenszel procedure (Holland & Thayer, 1988) to the 85 verbal
subtest items consisting of antonym, sentence-completion, reading-comprehension, and analogy
items to detect test items which were functioning differentially between the Hawaii and Mainland
examinees. This matched group comparison procedure, originally developed by Mantel and
Haenszel (1959), is one of the two most commonly used in DIF studies at ETS (Educational
Testing Service) and was recommended by Howard Wainer (1989), a principal research scientist at
that institution.

In the Mantel-Haenszel procedure, differences in item performance between the group
members at each score level are weighted and then summed across score levels to obtain a
common-odds ratio depicting the direction and degree of differential performance. The resulting
common-odds ratio is logarithmically transformed to produce a delta value, which provides an
estimate of the DIF where 0 represents the absence of DIF on an item, negative values indicate that
the focal group members performed less well than the reference groups, and positive values
indicate that the focal group performed better than the referencegroups.
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General Item Characteristics
Following the procedures of previous DIF studies (Bleistein & Wright, 1986; Dorans &

Ku lick, 1986; Freed le & Kostin, 1987; Schmitt & Bleistein, 1987), we examined the items for
possible explanatory factors that could be correlated with the resulting DIF values. Five
individuals, who were trained using techniques developed in previous studies (Freed le & Kostin,
1987; Lawrence, Curley, & Mc Hale, 1988), conducted the item ratings.

Three characteristics functioned consistently across all of the 85 items in the verbal subtest:
Subject matter content: (a) aesthetics or philosophy, (b) world of practical affairs,

(c) science, (d) human relationships, (e) environment, (0 culture;
position within the section;
word abstractness.

Characteristics Unique To Each Item Type

We used item characteristics identified in previous studies as being related to DIF. In many
instances the char acteristics examined were identified through visual observation or statistical
analyses rather than through theoretical considerations. The sentence completion items were rated
on (a) whether outside knowledge about the content of the sentence would have been advantageous
to the examinee and (b) the number of blanks in the item.

We classified the reading comprehension items according to the length of the corresponding
passage and the type of information requested (e.g., main idea, inference, application), and we
rated the analogy items for the presence of homographs, vertical relationships and semantic
relationships. A multiple regression analysis was conducted to determine the extent to which each
item characteristic accounted for the DIF values.

Results

The analysis of the 1988 SAT data identified noticeable DIF on only antonym item types and
more specifically the earlier items in each section. Items with delta values greater than .60 or less
than -.60 were in most instances statistically significant and viewed as exhibiting DIF. Nine items
exhibited DIF in which the Hawaii examinees were performing less well than the reference group,
and on eight items Hawai`i examinees performed better than the reference group. Seven of the
nine items showing negative DIF values which were less than or equal to -.60 were antonym
items. The only item showing a DIF less than -1.00 was also an antonym item. There were eight
items with DIF values greater than or equal to .60. Four of the items were from the reading
comprehension section, and two items each were from the antonyms and analogy sections.

Distribution of DIF for the Four Verbal Item Types

Two items exhibited extreme DIF values (absolute value > 1.0). Antonyms constituted the
only item type in which there were a large number of items on which the Hawai`i students
performed differentially less well than the Mainland examinees did.

One item exhibited large DIF against Hawai`i examinees, an antonym item involving the
word "spontaneous." The item found to have large DIF against the reference group was a reading
comprehension item, which referred to a passage dealing with a view of Black literature and
required the examinee to decermine what the author suggested was an important quality of a
character described in the passage.



Item PositionCommon Characteristics

The only other characteristic which was comparable across all items in the verbal
section dealt with item position within the section. Across all items in the test there was
a tendency for the performance of Hawai`i examinees to improve (relatively) as they got
further into each section.(see Table 1.) The relationship, however, was not statistically
significant at the .05 level.

Table 1.
Pearson Product-Moment Correlations of Item Position and DIF

Section r Prob>t

Overall .13 .23
Antonyms .43 .03
Sentence Completion -.17 .54
Analogies .16 .49
Reading Comprehension .04 .86

We found a statistically significant correlation among the antonym items (r=A3, p=.03),
between the DIF values and item position indicating there was a tendency for the Hawai`i
examinees to perform less well than the reference group on the early antonym items in each section
and better than the reference group on the items later in each section.

Item Characteristics by Item Type

The results of regressing the DIF values on the item characteristics by item type showed no
statistically significant effects at the .05 level. Individual items within specific item characteristic
groups exhibited large DIF values but are not given as much attention as the mean DIF value for
the entire group.

The items contained within each of the four types of items within the verbal section were
classified according to a predetermined set of characteristics in the attempt to account for the
differences in performance besides item type, item position, subject matter content, and degree of
abstractness. Because several item characteristics were not applicable for all 85 items, detailed
analyses were conducted within each of the four types of items.

Antonyms

The results of regressing the item characteristics of the antonym items on the DIF
values are displayed in Table 2. Item position was the only statistically significant
(a=.05) characteristic that had an effect on the DIF values (F=5.60, Prob>F=.03).

ti
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Table 2.
Simultaneous Regression of Antonym Item Characteristics on DIF Values.

Unique
Characteristic Sum of Squares F Prob>F

Overall Model 2.01 1.26 .32
Item Position 1.48 5.60 .03
Positive-Negative .22 .41 .67
Personality Reference .11 .42 .52
Type of Word .20 .75 .40
Degree of Abstractness .21 .79 .38

Overall R2 = .29
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Study 2. Experimental Treatment Addressing DIF

Study 2 was designed to address the performance discrepancies identified in the first part of
the study and thus focused on antonym strategies and making students aware of their low
performance on the easier items.

Sample

Thirty-seven Hawai`i students from two public high schools participated in Study 2. We
selected the schools for their small but stable number of students being administered the test each
year and the stability of their mean SAT scores over a 5-year period. The Hawaii sample of
students from the 1988 testing with SAT-V scores matched to the means of the two public high
schools was used as the comparison group.

Procedure

A one-hour training session was developed to address the low performance of the Hawaii
students on the antonym items. The DIF patterns indicated that the low performance could possibly
be due to an unfamiliarity with the item format or a lack of time being spent on the earlier items
rather than the student's vocabulary knowledge.

We tentatively attributed the large, negative DIF scores on the early items in the antonym
sections to an unfamiliarity effect in which the respondents use the first few items to get used to the
format. Because DIF was present on only the early antonym items, which were located at the
beginning of each of the two sections of the verbal subtest, we hypothesized that the students were
anxious to move on to other parts in each section and thus did not spend enough time or put
adequate amounts of concentration on the earlier items which contain less difficult words. Because
the Hawaii students had positive DIF scores on the later, more difficult items, they should have
been able to respond to the earlier items at a higher accuracy rate. Inasmuch as the early items
contained more readily recognizable words, the Hawaii respondents may have rushed in selecting
a response which was not the most nearly opposite or correct response.

The methods used in the training session were based on the premise of the unfamiliarity
effect and a lack of adequate time spent on cognitively processing the words and evaluating the
possible responses on the early items. The 1-hour session involved the following:

10-item pretest
Overview of the SAT and focusing on antonyms
Techniques in answering antonym items
Practice items
15-item posttest

The items for the pre- and post-tests were taken from the November 1988 version of the
SAT. There items allowed us to compare the response patterns between the treatment students and
the original sample (test familiarity was not a concern because the items had not been previously
released).

In order to address the hypothesized unfamiliarity with the item format, we reviewed
techniques for answering antonym items. The techniques were taken from the Princeton Review
(Robinson & Katzman, 1991), Peterson's Panic Plan for the SAT (Can-is, Crystal, & McQuade,
1990) and 10 SATs (College Entrance Examination Board, 1988).
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Analysis of Data

Because a minimum of approximately 300 students was needed to obtain reliable DIF values
as had been obtained in Study 1, we did not use the Mantel-Haenszel procedure. Instead we used
the SAT scoring formula, obtained by subtracting the number answered incorrectly divided by 4
from the number correct. The results from the pre- and post-tests, using the items from section two
of the November 1988 SAT administered to the treatment students, were compared with the scores
of students from the 1988 testing through independent groups t-tests.

Results

In order to test for a treatment effect we conducted two analyses: (1) a pre-post comparison
among the treatment subjects, and (2) a comparison of the treatment results with a sample of the
Hawaii students' responses from the November 1988 administration.

The maximum raw score possible was 10 on the pretest and 15 on the posttest. Because the
mean DIF of the antonym items from the November 1988 testing showed that Hawai`i students
were doing less well than the reference group, the mean raw score for each group was obtained for
validation. The results are presented in Table 3.

Table 3.
Mean Raw Score for Two Sections of Antonym Items

Reference Group Hawai`i Sample

Section Mean SD Mean SD

10 Items 4.46 2.43 3.71 2.61
15 Items 7.08 3.54 6.03 3.75

The mean raw scores indicate that Hawai`i students are performing less well than the
reference group by almost 1.8 raw score points on the 25 antonym items. According to the SAT
raw-score-to-scaled-score conversion table the difference in raw score points corresponds to
approximately 18 SAT formula score points. That amount is roughly the difference between
Hawai`i and Mainland examinees on the SAT-V subtest as a whole. The treatment's goal was the
improvement of the raw score performance of the Hawai`i students. The information presented in
the treatment was based on the hypothesis that something other than vocabulary knowledge would
improve the scores.

Obtaining a treatment group of students which would be representative of the Hawai`i
examinees with a mean SAT-V of 408 would have been difficult. The lack of information about the
scholastic verbal aptitude levels of students who have not yet been administered the test and access
to student records made the attempt unfeasible. Instead we used the mean scores of the two schools
willing to participate in the study to extract an equivalent range of students from the November
1988 testing.

We conducted statistical comparisons between the treatment groups and the Hawai`i
sample of students from the November 1988 testing using independent groups t-tests.
As shown in Table 4 the t-test comparisons between the Hawai`i and the treatment
group pretest raw scores resulted in a nonsignificant t value (a=.05).
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Table 4.
t -Test of Hawai` i Sample and Treatment Group Pretest

Group Mean N t Prob>t

10 Items (Pretest for Treatment Groups)

Hawaii Sample 2.26 85

Combined Treatment 2.34 37
.24 .81

The t-test results between the treatment group posttest means and the 15-item antonym
section of the November 1988 testing showed statistically significant differences. As shown in
Table 5 the mean antonym raw score for the treatment group of 5.25 was statistically significantly
(p < .05) larger than the Hawaii sample mean of 3.85. The results indicate that while there were
no statistically significant differences between the Hawai`i sample and the treatment pretest, the
treatment group's posttest scores were statistically significantly higher than those of the
comparison group.

Table 5.
t -Tests of Hawai `i Sample and Treatment Group Posttest Results

Group Mean N t Prob>t

15 Items (Posttest for Treatment Groups)

Hawaii Sample 3.85 85
2.44 .02

Combined Treatment 5.25 37

Discussion

The DIF analysis established that Hawai`i students who take the SAT perform less well on
the earlier antonym items than their Mainland U.S. counterparts of equal scholastic aptitude. The
results also indicate that the roots of the low performance on the verbal subtest are possibly
carelessness, rushing, and an unfamiliarity with the item format.

Pre- and posttest results for the one-hour treatment lend additional evidence for the factors
which were hypothesized to be related to the low performance. More importantly the treatment
shows how significant gains can be made in a relatively short period of time. The performance gap
between Hawaii and the national average would disappear if each student were to get slightly less
than two more antonym items correct.

is beyond the scope of this paper to deal with the current controversy about the validity of



standardized tests. One could certainly question any effort to raise the scores on such a test if the
main value of the increase was simply political. On the other hand, this study has shown that the
major reason for the relatively low verbal SAT scores of Hawai`i students essentially is not the
relative lack of verbal aptitude.

Perhaps more important is the demonstration that systematic research methods can yield
useful information that would otherwise be unavailable. Research procedures such as used in this
study have the potential to identify areas where changes are likely to lead to improvements,
whether they be in terms of better learning or better demonstration of what has been learned.
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