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Abstract

An increasing number of large scale assessments contain constructed response items such
as essays for the advantages they offer over traditional mwdhipiee measures. Writing
assessments in particular often contain @ume of multiplechoice and essay items. These
mixed-format assessments pose many technical challenges for psychometricians. This study
directly builds upon the Meyers et al. (2009) study by investigatmgability estimationessay
scoring approachmeasurement model, and proportion of points allocated to multiple choice
items and the essay iteom mixedformat assessmentgeract to recover abilitgnd item
parameteestimates under different degrees of multidimensionaRgsults indicate thathen
high levels of multidimensionality are present in the data, using separate estimation of multiple
choice and essay ability, analytic scoring procedures, and the 1PL family of models produces

more accurate results.



Introduction

Large scale writing a@ssments typically contain constructed response items such as
essay items. Assessments containing these item types are becoming increasingly popular
(Aschbacher, 1991and offer severadvantages over traditional multiptboice measures
(Bennett & Warg 1993). These advantages, however, do not come without a cost. Compared to
multiple-choice assessments, essay assessments usually assess a narrower domain of content
(Hoover & Bray, 1995) and the test scores do not generalize as well as multiple choice
assessments (Nichols, 2005). In additessay responses are expensive and time consuming to
score(Hardy 1996; Khattri & Sweet, 1996; Parkes, 2008)jile multiple choicdtems can be
scored quickly and cheaptiius providing efficient information (Waén & Thissen, 1993).

Writing assessments comprised solely of multiple choice items also lend themss\tes
linking designs that allow for equating different forms of the test over(tirekan et al. 1998).
To take advantage of the benefits thabhbaultiple choice (MC) and essay items provide,
writing assessments often contain a mixture of multiple choice and essay items.

Mixed-format assessments pose technical challenges for psychometricians attempting to
calibrate, scale, and equate thesegygfeassessments. There are many choices to be made when
deciding how to create scores from mixed format assessments. Issues such as how the different
item types should be calibrated (together or separately) and how student abilities should be
estimated @ne overall estimate, or separate estimates based on the essay and the multiple choice
items) present many questions, and the impact of different psychometric decisions is not well
understood. In addition to these technical concerns, many educators audemesnt

professionals are concerned that essay items and multiple choice items may measure different



skills, particularly in the assessment of writing (Um et. al, 2007). In fact, there is some evidence
to support that essay and multiple choice items ureadifferent constructs (Traub, 1993).

IRT models have been shown to be robust to violations of unidimensidiatitygow &
Parsons, 1983; Harrison, 1986; Reckase, 19M2)most of the previous research has
investigated subjects in which the testh@itcontain one type of item or in which the various
item types are intended to measure the same underlying construct. Much of the research on
dimensionality of mixedormat tests has involved subjects other than writing in which multiple
short answer it@s are used instead of an extended essay (Sykes, Hou, Hanson & Zhen, 2004;
Bouwmeester & Sijtsma, 2004). In writing assessments, the essays are not only thought to
measure different constructs than the multiple choice items, they are expected tor Woathe
an argument could be made that some degree of multidimensionality is assumedisineat

Many of the psychometric questions surrounding calibration methods for-fopradt
assessments have been addressed in recent years. ErcikéO88alcompared calibrating
multiple choice and constructed response (CR) items together versus calibrating them separately
and found that separate calibrations resulted in higher discrimination parameters and consistently
higher information for the CRams. However, the loss of information from simultaneous
calibration of the CR items was negligible, and simultaneous calibrations did not lead to higher
local item dependence or model fit problems. Um et. al (2007) built upon this research by
comparing chbration approaches under different conditions of multidimensionality and found
the multiple choice items were relatively unaffected by the calibration method and results for all
methods were worse in cases with strong evidence of multidimensionalajly Fikleyers et. al
(2009) extended this line of research yet again to compare both calibration methods and ability

estimation procedures under differing degrees of multidimensionality. From a calibration



standpoint, their results indicated that thelrodtchosen had no tangible impact on the ability to
recover item or person parameters.

While calibration methods for writing assessments with multidimensional writing tests
have been thoroughly studied in recent years, questions still exist regasdpegfirmance of
ability estimation procedures in such testing scenarios. Meyers et al. (2009) provided some
guidance in understanding the functioning of different ability estimation procedures, but much
remains unknown. They found that both person amd parameter estimates were impacted by
an interaction of theta estimation procedure and multidimensionality and concluded that even in
the presence of multidimensionality, unidimensional IRT models could be applied to writing
assessments in such a wayaaccurately estimate both person abilities and item parameters.

However, despite the significance of their findings, the generalizability of the results
from the Meyers et al. (2009) study is unclear. Their study was not designed in a way which
permited a direct comparison of the performance of the 1PL and 3PL models, it only evaluated
one testing scenario with a particularly large number of multiple choices items and it only
evaluated the specific situation in which the essay item was holisticatlydsasing a 12 point
scale, which represents more score categories than is typically seen on staté@ide K

assessments.

Objectives/Purpose

Thepurpose of the current study isdwectly build upon and extend the work done in the
Meyers et al. (200%tudy. Specifically, this study facilitatesdirect comparisonf
performance of the 1PL and 3Rlodels In addition, this study evaluat¢heperformance of
differentability estimdion techniques under varying degrees of multidimensionality with writing

assessments that



* containvaryingnumbersof multiple choice items in relation to essay itearsd

* containessayscored using holistic versus analytic tiagsed approaches.

Data and Methods
Data Generation

This study utilized operational item responsesn one stateOs large scale high school
Endof-Course writing assessment. These data contained over 35,000 student responses. The
assessment is comprised of 30 multiple choice items and one essay item scored on three different
componentsComposition Expression, and Mechanics. Each component is scored-dn a 1
scale by two raters, whose scores are then summed, yielding three analytic essay scores ranging
from 2-8.

MULTILOG (Thissen, 2000) was used to calibrate the item responses under two tlifferen
item response theory models. In one set of conditions, the One Parameter Logistic Model
(Rasch, 1960) was used to estimate the multiple choice items parameters and the Partial Credit
Model (Masters, 1982) was used to estimate the essay item parametershee other set of
conditions the Three Parameter Logistic Maderd & Novick, 1968; Lord, 1980yvas fit for
the multiple choice items and the Two Parameter Generalized Partial Credit(Madzki,

1992) was fit for the essay item. The resultluése calibrations was two sets of item
parameters, one for the 1PL conditions and one for the 3PL conditions, that would serve as the
basis for the simulation study.

For each study condition, 20,000 simulees were generated. For each simulee, two known
ability estimates (theta values) were generated from a normal distribution with a mean of 0 and a
standard deviation of 1, one representing ability on the multiple choice items and one

representing ability on the essay item. Response strings for eadbesimane generated using



the simulated ability estimates and the appropriate OtrueO item parameters (1PL or 3PL,
depending on condition) using the SAS macro IRTGEN (Whittaker et. al., 2003).
a. Calibration Procedures

Because the previous research (éigyers et. al 2009) indicated that the calibration
method has no tangible effect on recovery of either the person or item parameters, in this study
all conditions utilized a concurrent/simultaneous calibration approach where all multiple choice
and essajtem parameters were estimated in one run.
b. Ability Estimation Procedures

Mimicking what was done in the Meyers et al. (2009) study, two ability estimation
procedures were investigated in this paper. In the first procedure, one overall abilityeestimat
was computed for each simulee based on performance on all multiple choice and essay items. In
the second procedure, a multiple choice theta and an essay theta were computed separately and
the overall theta value was defined as the simple average bdtwe®vo thetas. MULTILOG
(Thissen, 2000) was used for both item and person parameter estimation.
c. Item Response Theory Models

Two sets of conditions were compared, 1PL and 3PL, such that the generating and
estimating models corresponded directlytHa conditions in which the data were generated
from the 1PL (Rasch, 1960) and Partial Credit Model (Masters, 1982), those same models were
used to estimate item and person parameters. The corresponding models from the 3PL were used
to estimate item angerson parameters in the conditions using data generated from the 3PL.
d. Degree of Multidimensionality

To simulate varying degrees of multidimensionality, three conditions of correlat&t,

0.50, and 0.80 were created between known multiple claoideessay thetas. To represent the



baseline condition of pure unidimensionality, conditions in which the multiple choice and essay
thetas were perfectly correlated (i.e., one known theta per simulee) were created as well. A
review of the correlation Iween raw multiple choice and essay scores from the writing
assessments in four states, including the state analyzed here, indicated that these correlations
generally range from about 0.40 to 0.60. The correlation matrices in each condition were
generatedising the MVN (Uebersax, 2006) software package for generating random
multivariate normal numbers.

e. Numberof multiple choice items.

Typically, statewide K12 writing assessments that contain multiple choice items have
between 20 and 40 multiple chbeiitems. To reflect these practices and evaluate the impact on
the outcomes in this study, three conditions were simulated containing different numbers of
multiple choice items : 20, 28, and 36. In order to vary the number of multiple choice items,
items were randomly dropped or repeated from the original set of 30. Specifically, in the 20 item
conditions, 10 items were randomly selected and excluded from data generation, in the 28 item
conditions, two items were randomly excluded, and in the 36 itextitam, 6 items were
randomly repeated and added to the original set of 30 items.

f. EssayScoring Approach.

Two basic types of essay scoring approaches are utilized operationally: holistic and
analytic. Two sets of conditions were simulated teertfthese operational practices. In the
analytic or multitrait approach, 3 scores (ranging fror8)Xor each essay were generated and
estimated, reflecting performance on the different dimensions (Composition, Expression, and
Mechanics) utilized by theesting program modeled in this study. In the holistic approach

conditions, a OpseutiolisticO essay score was generated as the average of the three component



scores. The characteristics of the pselolistic essay score were evaluated and compared to
those of true holistic essay scores observed in othersaade k12 testing programs. The
pseudeholistic essay score was found to behave like a true holistic essay score in terms of score
distribution and discrimination. This psedlolistic essay®re ranged from-38.

This simulation study contained 2 (estimation methods) * 2 (IRT models) * 4 (degree of
multidimensionality) * 3(number of MC items) * 2 (scoring approaches) = 96 conditions. Figure
1 depicts the various simulation conditions.

Insert Figure 1 Here
Evaluation criteria

100 replications were conducted for each condition using SAS versi¢8AX2Institute,
2002) The main outcome of interest in this simulation was the correlation between the
estimated and true theta values acrossilges and conditions. In addition, two widely used
goodnesf-recovery (GOR) indices were calculated to evaluate the accuracy of the item and
person parameter recovery (Maris, 1999). The first measure, BIAS, presents the difference

between the averagstenated parameter value and true parameter value,

R

#1,
BIAS(! ) = f=1R "I (1)

I
where/; is the true value of paramefeandQ, is the estnate of parametgrfor a replicated data
setr (r=1,E, R).

The second GOR index evaluated was the root mean square difference, RMSD, which is

defined as the square root of the average squared differences between the estimated and true

parameter values,



()

RMSD(! ;) =

using the same notation as the BIAS equation. GOR measures were aggregated over the
replications such that only means of BIAS and RMS#eareported for each condition using the

following equation:

1
" BIAS(!.)/I , and (3)

i=1

'2 RMSD(7,)/ | 4) (

whereR is the number of items or persons depending on the reported parametes thied

number of replications.

Results
The following pages summarize the results from the current study. Results are broken
down into two major categories: abilitgtenation results and item parameter results. Each
section addresses:
* whether the results are consistent with the results of the previous study (Meyers
et al. 2009),
* whether the added study conditions impacted the previously observed patterns,
and

* any newpatterns observed that were not noted in the previous study.
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Theta Estimation

Table 1 presents the correlational results of the study. The results are presented as the
average of the correlations over the replications between the known generatis@titethe
estimated thetas from the various conditions of the study. Table 2 displays the average BIAS in
recovering the known generating thetas for each condition, summarized across the 100 iterations.
Table 3 presents the corresponding RMSD valoeedch of the 96 conditions. The BIAS and
RMSD results were used to confirm and highlight the results observed in the correlational

analyses. As such, results of all three sets of analyses will be discussed in parallel.

Insert Tables 1-3 Here

GeneralObservations

One of the key findings of the previous study was that when combined theta estimation
was used, the resulting theta estimate was more strongly related the known multiple choice theta
than it was to either the true essay or true average thatticularly in cases using the 3PL and
when high multidimensionality was present. This pattern was observed in the current study, but
appeared to be mitigated by the essay scoring method used. This pattern was much less
pronounced when analytic scagiwas used.

Multiple choice theta estimates

Several conclusions can be drawn with regard to the ability to recover the correlation
between multiple choice theta estimates and their known values. In general, multiple choice
thetas were recovered fairlyell; but not quite as well as in the Meyers et al. (2009) study. On
average, the correlation between generating and estimated multiple choice thetas was 0.909 and

ranged from 0.686 to 0.974. In the previous study, these values ranged from 0.905 to 0.930.
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These correlations were impacted by essay scoring approach. Conditions in which an analytic
scoring approach was used had a lower mean correlation (0.900) and were more(Gx6&thie
0.974)than conditions using holistic scoring (mean of 0&1d ange 0f0.873 t00.942. In
addition, these correlations improved slightly as the number of multiple choice items increased.
Several additional study factors impacted the ability to recover multiple choice thetas. In
general, correlations were higheitiwgenerating values and GOR indices were smaller when the
3PL was used instead of the 1PL. Correlations also slightly increased (and GOR indices
decreased) as multidimensionality decreased. However, the impact of multidimensionality was
found to dependn several other factors. First, the degree of multidimensionality interacted with
the theta estimation procedure used (see Figure 2) such that separate theta estimation procedures
were more accurate than combined theta estimation procedures, exbeptard of pure
unidimensionality. Secondly, degree of multidimensionality interacted with the essay scoring
approach (see Figure 3) such that holistic scoring approaches were more accurate in recovering
the multiple choice thetas than analytic approaokesept in the case of pure unidimensionality.
Finally, an interaction was noted between ability estimation and essay scoring method. When
analytic scoring was used, separate estimation produced more accurate results for multiple
choice thetas, but whélistic scoring was used there was a slight advantage in favor of
combined estimation (see Figure 4). This pattern was more pronounced in conditions involving
fewer multiple choice items.

Essay theta estimates

In general, essay theta estimates cateel more highly with their known values as
multidimensionality decreased. Similarly, the magnitude of the GOR indices was inversely

related to degree of multidimensionality. However, as was the case with multiple choice thetas,
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this pattern depended several other study factors. Similarly to the multiple choice thetas, the
impact of multidimensionality depended on the theta estimation procedure (see Figure 5). In
cases with extreme multidimensionality (r=0.30), separate estimation of multiple ahdice
essay thetas yielded more accurate results, but in cases of low multidimensionality, combined
theta estimation was more accurate. The impact of multidimensionality also depended on the
essay scoring approach used (see Figure 6). Analytic scorinmpavasaccurate than holistic
scoring, but this advantage decreased as unidimensionality was approached. Finally, the impact
of multidimensionality was influenced by the IRT model used (see Figure 7). The 1PL
performed better than the 3PL in cases ofeam multidimensionality (k=30), but the pattern
reversed as multidimensionality decreased.

The impact of the IRT model used was also related to two other factors: the theta
estimation procedure (see Figure 8) and the essay scoring approach (se®)Fighee3PL
model performed better than the 1PL model when paired with separate theta estimation, but
worse when paired with combined theta estimation. In addition, the 3PL performed better than
the 1PL with the analytic scoring approach, but worse tiward PL with the holistic scoring
approach. Also, the impact of theta estimation procedure was found to vary based on the essay
scoring approach used (see Figure 10). Separate theta estimation was more accurate in
recovering essay thetas than combirreda estimation in analytic scoring conditions but less
accurate in holistic scoring conditions when using RMSD as the unit of analysis. It should be
noted that when analyzing the patterns based on the recovery of the correlations between true
and estimad essay thetas, that separate theta estimation always performed better than
combined theta estimation, but the difference was significantly less in holistic scoring conditions

(r=0.655 vs. 0.634) than in analytic scoring conditions (r= 0.916 vs. 0.£88jly, the number
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of multiple choice items on the assessment had no tangible impact on the recovery of the essay
theta estimates.

Averagetheta estimates

As was the case in the Meyers et al. (2009) study, results evaluating the ability to recover
avelge theta across item types were encouraging. When combined theta estimation was used,
the average correlations between the theta estimate and the generating theta average ranged from
0.799 to 0.968. When separate theta estimation was used, the averalgéiaws between the
average generating thetas and the average estimated thetas rande@48ta 0.969. By
comparison, in the previous study, these values ranged from 0.757 to 0.934 and 0.788 to 0.894,
respectively. Average correlations betweestdraverage estimates and their generating values
increased as multidimensionality decreased, but this varied based upon the IRT model fitted, the
theta estimation procedure used, and the essay scoring approach implemented.

In cases of high multidimensiality, the 1PL model produced more accurate results, but
the 3PL model performed better as multidimensionality decreased (see Figure 11). In addition,
as observed in Meyers et. al (2009), when levels of multidimensionality were high, separate theta
estimdion was more accurate than combined theta estimation (see Figure 12), but this pattern
reversed when unidimensionality was approached. This pattern held regardless of the number of
multiple choice items on the assessment or the scoring approach usadalltie essay scoring
approach was better able to recover average theta values than holistic scoring approaches (see
Figure 13) , and the difference was much greater when the simulated multidimensionality was
high.

Interactions were also found betwd®T model and theta estimation procedure (Figure

14), and IRT Model and essay scoring approach (Figure 15). The 3PL slightly outperformed the
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1PL when separate estimation procedures were used versus combined theta estimation
procedures and when analyt@msng procedures were used as opposed to holistic scoring
approaches.

Item Parameter Estimation

Multiple Choice Items

Tables 4 and 5 compare the different conditions in terms of the goenfresovery of
the multiple choice item parameters. Table 4@nés BIAS statistics and Table 5 presents the
corresponding RMSD values. It should be noted that theta estimation procedure was not
included in these analyses, because theta estimation procedure (separate vs. combined) when
viewed as an independent factimes not directly impact estimation of the item parameters. In
other words, two study conditions that only differed in the theta estimation procedure utilized
produced identical results for item parameter recovery.

As was the case in the Meyers et(2009) study, these tables indicate that
multidimensionality has little observed impact on recovery of the multiple choice item
parameters; there is a small improvement as multidimensionality decreases, but the impact is
negligible. In addition, the nuper of multiple choice items in the dataset had little appreciable
impact on recovery of the multiple choice item parameters. The most revealing observation from
these tables is an interaction between IRT model and essay scoring method (see Figure 16)
Analytic scoring methods resulted in less accurate multiple choice item parameters, but
particularly when paired with the 3PL model. The combination of analytic scoring and 3PL
produced the worst recovery of the multiple choice item parameters. Onéhéartll, the best

results were found when holistic scoring and the 1PL were used.
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Essay Item

Tables 6 and 7 present the BIAS and RMSD values for the recovery of the essay item
parameters in the holistic scoring conditions, and TabIE3 Bresent the eesponding values
for the analytic scoring conditions. Note that in the analytic scoring conditions, a single essay
was scored on three different dimensions and was thus treated psychometrically as three separate
essays. As found in Meyers et al. (20@Bg essay item parameters were much more heavily
affected by the conditions of the study than the multiple choice item parameters. It is evident
from these tables that both the average step values and the individual step difficulties are
strongly affeatd by the degree of multidimensionality present in the data. In cases with high
levels of multidimensionality, these estimates were severely discrepant. Furthermore, in the 3PL
conditions, thea parameter is severely underestimated in the 0.30 and Qrelation
conditions. However, as expected, the estimated valuesg®sthntd®) approached the
generating values as multidimensionality decreased. As shown previously (Meyers et al. 2009),
the conditions using the 3PL appeared to be more susceptiblgltidimensionality in the data.
In general, the 1PL was more accurate in recovery of both ave®sgend step values, but the
advantage decreased steadily as multidimensionality decreased (see Figure 17). Overall, analytic
scoring procedures wergore accurate than holistic scoring procedures in recovery of both
average b values and step difficulties, but there was an interaction with measurement model.
The most accurate essay parameter recovery occurred with the pairing of analytic scotieg and t

1PL and the least accurate occurred with the pairing of holistic scoring and the 3PL (Figure 18).

Discussion and Conclusion
This simulation study was conducted as a direct extension to the Meyers et al. (2009)

work and evaluated the impact on recoveirperson and item parameters of several additional
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writing assessment characteristics. In the Meyers et al. (2009) study multiple choice items
dominated the construct being measured, accounting for nearly 98 percent of the items. To
evaluate whether asssments containing different mixes of multiple choice and constructed
response items responded differently to the conditions of the study, the proportion of multiple
choice items to essay items was varied in the current study. In addition, in the writ
assessment modeled in the 2009 study represented a somewhat atypical case. In that assessmen
program, two raters holistically score the essay on a six point scale and the ratings are summed,
resulting in a scale ranging froml2. Typically, essaitems contain fewer than 11 score
categories, which presents estimation problems in general. Furthermore, many writing
assessments contain essays that are scored analytically rather than holistically. It was unclear
whether the results from the 2009dstwould apply to different models of writing assessment.

The current study evaluated how different ability estimation techniques, measurement models,
essay scoring approaches, and distributions of item types impact theta and item parameter
recovery undedifferent conditions of dimensionality. This study was used as a way of assessing
the generalizability of the results from the previous study.

As was the case with the 2009 study, the results from this study should be encouraging to
testing and measuremteprofessionals working with writing assessments. The results of this
study suggest that even when writing assessments contain items measuring two separate
constructs, they can be adequately handled through the use of unidimensional IRT models.
Specifially, if as is done with most writing assessments, the goal is to estimate and report one,
overall writing assessment score, this study suggests that either of two methods can be
successfully used. By estimating either one ability based on perfororatioe combination of

multiple choice and essay items, or by estimating separate abilities and then averaging them,
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examineesO underlying OwritingO ability can be recovered fairly accurately without the need for
multidimensional IRT models. With that sattlis study provides some clear guidance for
practitioners deciding how to handle writing assessment psychometrically.

One of the main findings from the previous study was that estimation procedure
interacted with multidimensionality such that sepatfaé¢a estimation was more accurate when
multidimensionality was high, but combined theta estimation was more accurate when the data
approached unidimensionality. That result generalized to this study and that relationship did not
vary based on the scorimgproach implemented or the number of multiple choice items.

The previous study also concluded that thetas based on multiple choice responses were
recovered much better than either essay thetas or thetas based on averaging the multiple choice
and essayhetas and that when using combined theta estimation, the theta estimate was more
strongly related to the multiple choice generating value than the essay generating value. While
this pattern was observed in the current study, using analytic scoringteemitigate these
relationships.

In general, varying the number of multiple choice items had little impact on the results in
this study. However, adding conditions that involved analytic scoring of essay items impacted
the results substantially.

Basedon the results of this study, it appears that when high levels of multidimensionality
are observed or expected, that following general recommendations are in order:

* Separate estimation procedures are recommended over combined theta estimation
techniques
* Analytic essay scoring tends to better recover the writing component driving essay

performance, and
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* 1PL and PCM models are preferable to the 3PL family of models if the skills being
measured by the multiple choice and essay component are not thoughigiolyoe h
correlated.
It is hoped that the results of this study will add to the growing body of existing research
on and provide state departments and measurement professionals some guidance in choosing the

most appropriate psychometric methods for thexekformat writing assessments.
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Figure 1. Simulation study design
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Figure 2. Relationship between theta estimation method and degree of multidimensionality in
estimation ofmultiple choice thetas
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Figure 3. Relationship between essay scoring approach and degree of multidimensionality in
estimation of multiple choice thetas
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Figure 4. Relationship between essay sgpapproach and theta estimation method in
estimation of multiple choice thetas
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Figure 5. Relationship between theta estimation method and degree of multidimensionality in
estimation of essay thetas
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Figure 6. Relationship between essay scoring approach and degree of multidimensionality in
estimation of essay thetas
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Figure 7. Relationship between IRT model and degree of multidimensionality in estimation of
essay thetas
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Figure 8. Relationship between IRT model and theta estimation method in estimation of essay
thetas
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Figure 9. Relationship between IRT model and essay scoring approach in estimation of essay
thetes
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Figure 10. Relationship between essay scoring approach and theta estimation method in
estimation of essay thetas
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Figure 11. Relationship between IRT model and degree of multidimensionalitymatéesn of
average thetas
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Figure 12. Relationship between theta estimation method and degree of multidimensionality in
estimation of average thetas
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Figure 13. Relationship between essay scapgroach and degree of multidimensionality in
estimation of average thetas
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Figure 14. Relationship between theta estimation method and IRT model in estimation of
average thetas
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Figure 15. Relatinship between essay scoring approach and IRT model in estimation of average
thetas
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Figure 16. Relationship between essay scoring approach and IRT model when recovering
multiple choice bvalues
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Figure 17. Relationship between IRT model and degree of multidimensionality when
recovering average essay step values
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Figure 18. Relationship between IRT model and essay scoring approach when recovering
average essay step vab
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