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Figure 4-29. Spanish Language pseudo-test form comparison of Cl ES for CE.
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Figure 4-30. Spanish Language pseudo-test form comparison of CI ES for TS.
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Figure 4-31. Spanish Language pseudo-test form comparison of Cl ES for OS.
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Figure 4-32. Spanish Language pseudo-test form conditional bias for CI 0.00.
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Figure 4-34. Spanish Language pseudo-test form conditional bias for CI 0.40.
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Figure 4-35. Spanish Language pseudo-test form conditional bias for CI 0.60.
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Figure 4-36. Spanish Language pseudo-test forms CSE for CI 0.00.
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Figure 4-37. Spanish Language pseudo-test forms CSE for CI 0.20.
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Figure 4-38. Spanish Language pseudo-test forms CSE for CI 0.40.
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Figure 4-39. Spanish Language pseudo-test forms CSE for CI 0.60.
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Figure 4-40. Criterion equating relationships for Chemistry pseudo-test forms (single
group).
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Figure 4-41. Chemistry pseudo-test form comparison of NCR and FCR for FE.
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Figure 4-42. Chemistry pseudo-test form comparison of NCR and FCR for CE.
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Figure 4-43. Chemistry pseudo-test form comparison of NCR and FCR for TS.
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Figure 4-44. Chemistry pseudo-test form comparison of NCR and FCR for OS.
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Figure 4-45. Chemistry pseudo-test form conditional bias for NCR.
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Figure 4-46. Chemistry pseudo-test form conditional bias for FCR.
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Figure 4-47. Chemistry pseudo-test forms CSE (NCR and FCR, MC-CR 0.00).
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Figure 4-48. Chemistry pseudo-test forms CSE (NCR and FCR, MC-CR 0.25).
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CHAPTER FIVE:
DISCUSSION

The purpose of this dissertation was to examine how characteristics of mixed-
format tests might adversely impact equating and explore test characteristics that might
lead to satisfactory equating with mixed-format tests. The specific factors of investigation
in this dissertation included examinee group differences, equating methods, statistical and
format representativeness of the common-item set, and relative difficulty of MC and CR
items. Additionally, analyses were conducted for three tests: English Language, Spanish
Language, and Chemistry. Further, for each of the three tests, equating analyses were
conducted for both operational test forms and pseudo-test forms.

A large volume of results was presented in Chapter Four, and at times, the results
may have appeared contradictory. One of the primary purposes of Chapter Five is to
summarize the important findings across the analyses for the six tests. Chapter Five is
divided into four sections: summary of findings, practical implications, limitations, and
future research. Within the summary of findings, there are five subsections corresponding
to the five research questions addressed in this dissertation. At the beginning of each
subsection, the research question is restated to remind the reader. Within each research
question, conclusions are separated by up to three sections: conclusions based on MC-CR
0.00, conclusions based on MC-CR 0.25, or conclusions based on MC-CR 0.00 and MC-
CR 0.25. However, because the purpose of Research Question Two was to compare
results based on MC-CR 0.00 and MC-CR 0.25, conclusions are not separated according
to sampling conditions. For each section, there is a discussion of the conclusions reached
based on the results from this dissertation, and key findings from previous studies are
also incorporated into the discussion. The practical implications section places the results

into a practical context by presenting some possible implications of the results. The
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limitation section contains a discussion of limitations of this dissertation, and the future

research section suggests ideas for future research.

Summary of Findings

The findings in this section are divided into five subsections according to the five

research questions investigated in this dissertation.

Research Question One
What is the impact on equated scores when examinees on one mixed-format test
form are higher in proficiency, as measured by items in common between test forms, than

examinees on the other mixed-format test form?

MC-CR 0.00

As the difference in proficiency between old and new form examinee groups
increased, equating relationships tended to become more biased relative to the criterion
equating relationship. (The criterion equating relationship represented no difference in
proficiency between groups of examinees on the old and new test forms.) However, the
increase in bias was not consistent across equating methods or tests. Moreover, for the
traditional equating methods, the increase in bias appeared to be impacted by the
difference between the composite score and common-item score effect size rather than
the magnitude of the common-item score effect size alone. Therefore, it often appeared
that as the difference in proficiency between examinee groups increased, the common-
item set no longer represented the total test in the same manner as for the criterion sample
of examinees.

For the operational test forms, the criterion equating relationships were the
equating relationships for C1 0.00 MC-CR 0.00. C1 0.00 MC-CR 0.00 was chosen as the
criterion sample, because it essentially represented no difference in proficiency between

examinee groups on the old and new test forms. This criterion sample also indicated that
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effect sizes across old and new test forms were similar for MC and CR scores. The study
condition equating relationships became increasingly different from the criterion equating
relationships as the difference in proficiency between old and new form groups of
examinees increased. However, as is discussed in greater detail for Research Question
Three, when the common-item effect size was large, bias was typically larger for FE than
for CE. Bias was typically smallest for TS and OS. Further, bias did not always increase
for TS and OS as the difference in proficiency between old and new form groups of
examinees increased. It is important to note, however, that a number of factors may have
interacted to contribute to these findings. First, the criterion equating relationship was
different for each equating method; consequently, comparisons across methods may not
be reasonable. Second, only one smoothing value was selected for all bootstrap
replications for the traditional equating methods. This smoothing value may not have
been optimal for all replications, introducing additional bias or random error. For the
pseudo-test forms, the single-group equating relationships were the criteria. Results were
similar to the operational test forms. Additionally, when a common-item set composition
other than an MC-only minitest was used, bias did not always consistently increase for
FE and CE.

As discussed in Chapter Two, a number of previous research studies have
examined the impact of group differences on the accuracy of equating. For the most part,
the findings in this dissertation regarding group differences confirm findings from
previous research. Many studies have found that equating tends to be more accurate when
there are only small differences in proficiency between groups of examinees taking the
old and new test forms (Cao 2008; Kim & Lee, 2006; Kirkpatrick, 2005; Lee et al., 2010;
Wang, Lee, Brennan, & Kolen, 2008; Wu, Huang, Hu, & Harris 2009). Further, this
dissertation confirms findings from previous research that CE may be less sensitive than
FE to differences in group proficiency (Lee et al., 2010; Wang, Lee, Brennan, & Kolen,

2008). Little research has been conducted comparing traditional and IRT equating
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methods. Although, von Davier and Wilson (2008) found that TS and CE performed
similarly, and that both equating methods were relatively invariant across groups.
However, both Cao (2008) and Kirkpatrick (2005) found that differences in group
proficiency impacted equating results in the IRT framework.

One additional interesting finding was that bias in equating relationships, for the
traditional equating methods, appeared to also be impacted by the difference between the
composite score effect size and the common-item score effect size rather than the
magnitude of the common-item score effect size alone. Typically, it was found for the
traditional equating methods that equating relationships were more similar to the criterion
when the difference between the composite score effect size and common-item score
effect size was also similar to the criterion. Studies investigating the impact of group
differences on equating results have not explicitly addressed this finding. This trend did
not appear to influence results for the IRT equating methods; however.

As an example, consider English Language and Chemistry operational test forms.
The same common-item effect sizes were studied for both English Language and
Chemistry: C1 0.00, C1 0.20, and C1 0.40. Yet, values of standardized WARMSB were
larger by as much as 0.15 standard deviation units for English Language as compared to
Chemistry. For English Language, the differences between the composite score effect
size and common-item score effect size were 0.158, 0.250, and 0.300 for C1 0.00, Cl
0.20, and CI 0.40, respectively. For Chemistry, the differences were 0.132, 0.140, and
0.150 for CI 0.00, CI 0.20, and CI 0.40, respectively. For English Language, the
differences varied by as much as approximately 0.15 standard deviation units across the
three CI sampling conditions. For Chemistry, the differences varied by only 0.02 standard
deviation units.

One unique characteristic of the Chemistry tests was that the disattenuated MC
and CR correlations were near 1. One plausible hypothesis is that when the MC and CR

correlation is higher for a test, the common items might be more representative of the
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total test, regardless of group differences in proficiency. Further, for the operational test
forms, the common-item and composite score correlation was approximately 0.84 for
English and Spanish Language and approximately 0.92 for Chemistry. For the pseudo-
test forms, the correlations were approximately 0.85 for English Language, 0.90 for
Spanish Language, and 0.94 for Chemistry. Therefore, another plausible hypothesis is
that when the common-item and composite score correlation is high, group differences in

proficiency may not impact equating results to a large extent.

MC-CR 0.25

When effect sizes across old and new test forms were not similar for MC and CR
scores (i.e., MC-CR 0.25), the impact of examinee group differences did not always
appear to follow a consistently increasing pattern. Patterns of results for the MC-CR 0.25
sampling conditions appeared to be impacted by an interaction between the common-item
effect size and the difference in relative difficulty of MC and CR items. Further, the
specific criterion equating relationship used to evaluate the equating results also impacted
the conclusions.

For the operational test forms, the criterion was the same as for the MC-CR 0.00
sampling conditions (i.e., Cl 0.00 MC-CR 0.00). By examining values of WARMSB
based on this criterion, results seemed somewhat random and inconsistent. Typically, as
the difference in proficiency between old and new form groups of examinees increased,
bias either decreased across all of the common-item effect sizes or decreased for ClI 0.20
and then increased for C1 0.40. However, when plots of equating relationships were
examined, it was evident that the difference between equating relationships increased as
the difference in proficiency between groups increased. Further, when CI 0.00 MC-CR
0.25 was used as the criterion equating relationship, as the difference in proficiency
between old and new form groups of examinees increased, WARMSB also increased. For

the pseudo-test forms, the single-group equating relationship was the criterion. Similar to
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the operational test forms, values of WARMSB did not consistently increase as the
difference in proficiency between old and new form groups of examinees increased.
When CI1 0.00 MC-CR 0.25 was used as the criterion, WARMSB typically increased as
the difference in proficiency between old and new form groups of examinees increased,
although results did vary according to test, equating method, and common-item set

composition.

Research Question Two

When one type of item format (i.e., MC or CR) is relatively more difficult for
examinees taking one form as compared to examinees taking another form, how are the
resulting equated scores impacted?

The results for this research question are inconclusive, because it was difficult to
disentangle the interaction of the common-item effect size, the difference in relative
difficulty of MC and CR items, and the difference between the common-item and
composite score effect size. Across the test forms, results were mixed as to how relative
difficulty of MC and CR items, as operationalized in this dissertation, impacted equating
results. However, some results from this dissertation suggest that equating mixed-format
tests with only multiple-choice common items may result in larger bias when examinees
find certain item formats more difficult relative to other item formats.

The MC-CR 0.00 sampling conditions represented conditions where examinee
performance was similar on the MC and CR items. The MC-CR 0.25 sampling conditions
represented conditions where examinee performance was different across the MC and CR
items. Therefore, it was expected that bias would be larger for the MC-CR 0.25 sampling
conditions as compared to the MC-CR 0.00 sampling conditions. For all of the pseudo-
test forms, values of WARMSB were larger for Cl 0.00 MC-CR 0.25 as compared to ClI
0.00 MC-CR 0.00. However, for the remaining common-item effect sizes, there appeared

to be a complex interaction between the common-item effect size and the MC-CR effect
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size. Therefore, results appeared to be dependent on the particular test. For English
Language operational and pseudo-test forms and Chemistry pseudo-test forms, MC-CR
0.25 sampling conditions tended to result in smaller values of WARMSB as compared to
MC-CR 0.00 sampling conditions. This may have occurred because scores on the new
form were lower than scores on the old form. For Spanish Language and Chemistry
operational test forms and Spanish Language pseudo-test forms, the MC-CR 0.25
conditions often resulted in larger bias than the MC-CR 0.00 conditions. The different
results found across tests may be explained by the difference between the composite
score and common-item score effect sizes. Often, the equating relationships that were
most similar to the criterion equating relationship were also the sampling conditions for
which the difference between the composite score and common-item effect size was most
similar to the difference for the criterion.

Although the evidence is contradictory, results from the Spanish Language
pseudo-test analyses provide rather compelling evidence that the difference in effect sizes
between MC and CR items does impact the accuracy of the equating relationships. For
the Spanish Language pseudo-test form criterion, the difference between effect sizes for
MC and CR scores was approximately -0.27. MC items were similar in difficulty across
test forms, but CR items were much easier on the new form relative to the old form. Four
sampling conditions were created with an MC and CR effect size difference similar to the
criterion, and four sampling conditions were created with an MC and CR effect size
difference that was different from the criterion. For the sampling conditions with an MC
and CR effect size different from the criterion, bias was approximately three points (or
0.15 standard deviation units) larger than the sampling conditions with an MC and CR
effect size similar to the criterion. However, because other data characteristics of the test
also varied across sampling conditions, and because Spanish Language was the only

pseudo-test where a large difference in effect sizes between MC and CR could be created,
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it is difficult to isolate whether the bias was primarily influenced by the disparity in MC

and CR effect sizes.

Research Question Three

How much do equated scores vary across equating methods?

MC-CR 0.00

TS, OS, and to a lesser extent, CE, appeared to be less sensitive to group
differences in proficiency than FE. Equating methods generally yielded similar results
when examinee groups on the old and new forms were similar in proficiency. When
examinee groups differed in proficiency across old and new test forms, FE generally
resulted in larger bias than CE, TS, or OS. TS and OS also typically resulted in smaller
bias than CE. The trends were fairly consistent across tests, although for the Chemistry
operational test forms, WARMSB was larger for TS and OS as compared to FE and CE.
As discussed previously for Research Question One, it is important not to overemphasize
the difference in bias between the traditional and IRT equating methods for large
common-item effect sizes. To reiterate what was discussed in Research Question One, the
findings in this dissertation may have resulted from factors such as different criterion
equating relationships for each equating method, choice of smoothing value, or
interactions among the common-item and MC-CR effect sizes.

The results of this dissertation confirm results from a number of studies conducted
for both MC and mixed-format tests that have found similar results in comparisons
between FE and CE: when group differences are small, CE and FE tend to have similar
results. However, CE tends to be more accurate than FE when group differences are
larger (Harris & Kolen, 1990; Holland, Sinharay, von Davier, & Han, 2008; Lee et al.,
2010; Sinharay & Holland, 2007; Wang, Lee, Brennan, & Kolen, 2008). Research
comparing IRT and traditional equating methods appears to be less prevalent; therefore,

the results from this dissertation comparing traditional and IRT equating methods are
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