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A Study of Multiple Stage Adaptive Test
Designs

Abstract

This paper evaluates several multiple stage adaptive test (MST) designs under the criteria
of (a) accuracy of test scores, (b) simplicity of the design to facilitate review, and (c) efficiency
of item pool usage to reduce the cost of item development. A commercially available mixed
integer programming package was used to assemble MSTs. Analytical techniques, based on
Item Response Theory, were used to evaluate scoring accuracy of an MST. Results with an

operational item pool were tabulated.
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Introduction.

Traditional paper and pencil (P&P) tests are linear tests and the same items are
administered to every examinee during an examination. In computer adaptive testing (CAT),
examinees receive items that match their current ability estimate. The last decade has seen
paper-and-pencil (P&P) tests being replaced by computerized adaptive tests (CATs) within many
testing programs. A multi-stage computer adaptive test (MST) combines characteristics of both
a standard CAT and P&P test because it adapts to the ability of the examinee like CAT and
provides P&P benefits such as test specialist review, exposure of pre-selected items and parallel
test forms. The advantages and disadvantages of the MST approach to testing can be found in
Luecht and Nungester (1998), Luecht and Nungester (2000), Luecht and Burgin (2003), and
Armstrong, Jones, Koppel and Pashley (to appear). A discussion of MST designs for
credentialing exams is given by both Hambleton and Xing (2004), and Xing and Hambleton (to

appear).

MST designs for an admission test are considered in this paper. Several MST designs are
presented and each design is systematically evaluated. The evaluation considers the following
criteria: simplicity of the design, item pool usage, and scoring reliability. The possibility of
review by test specialists and the quantity of response data where many examinees have been
administered identical item sequences are enhanced by a simple design. Also, a simple design
generally requires fewer items for the MST. A valuable resource for any testing agency is its
item pool. The design should effectively utilize the pool. The capability of the design to support
multiple tests from the pool will be studied under different scenarios. The main reason to
employ an adaptive test is to achieve better scoring accuracy than a P&P test with fewer items.
Several measures of scoring accuracy will be used to compare the reliability of the tests created

from the design.

Once designs have become operational at a testing agency, they may be difficult to
change since standardization across administrations is desired. A small benefit achieved by one
design over another can have a significant impact over years. The effort taken to thoroughly

evaluate the designs is highly justified and important for the testing agency. This study presents
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the summary results necessary for management to make their decisions. A comprehensive study
on the strengths and weaknesses of various designs will assist the administration at a testing

agency when determining the appropriate design to implement in an operational setting.

The MST structure contains multiple stages and consists of bins in which testlets are
placed. The bins at a given stage are arranged in levels corresponding to ability classifications.
This paper presents methods to evaluate an MST design (MSTD). Table 1 shows the skeleton of
a possible MSTD. A bin may contain more than one testlet when the MST is created. For
example, two testlets would be included in Stage 1 and Stage 3 of an MST assembled with the
design of Table 1. A shorthand notation for the design of Table 1 would be a 1-1-2-3-3 design,
where the numbers indicate levels at the stage and the number is repeated for each testlet in the

stage.

(insert Table 1 about here)

Within a stage, bins are indexed using the convention that the lower index describes a
targeting for a lower ability group. For discussion purposes, assume that every testlet for this
MSTD contains between 5 and 7 items, and there are between 35 and 37 items on each path.
The first stage (bin 1) will contain two testlets (5-7 items each) designed for the complete ability
range of the test-taking population. The test taker advances to one of the two bins in the third
stage based on the number of correct responses in the first two testlets. A possible method for
routing out of stage (7) is the following. Proceed to bin 2 if the total number of correct responses
to the items in bins 1 is less than 7, and proceed to bin 3 otherwise. This study will use the
number correct for routing as described in Armstrong and Roussos (2002). A possible sequence
of bins an examinee may traverse is referred to as a path. The items on a path are predetermined

and correspond to a linear test form.

A 3-parameter IRT (Lord, 1980) model will be used. Target information functions and
target characteristic curves are defined for each bin. The sum of the bin targets on a path yields
the path targets. The MST assembly requires path information functions and path characteristic
curves to be within a tolerance of the path targets. All other constraints (categorical constraints)

are scaled versions of the constraints of a corresponding P&P test.



A Study of MSTDs Page: 3
Experiment Design.

The MST assembly problem can be modeled as a mixed integer programming (MIP)
problem (Nemhauser and Wolsey, 1988). All test assembly constraints are satisfied by each path
of the MST. The constraints on the optimization problem are those usually associated with
automated test assembly. They include limitations on the cognitive skills content, answer key
count, topic, diversity and stimulus usage. The constraint examples can found in Boekkooi-
Timminga, E. (1990), Theunissen (1985) and van der Linden (1998). A complete statement of

the mixed integer programming model can be found in Armstrong and Edmonds (2003).

Item pool

This study used an operational item pool designed to support a paper-and-pencil test
(LSAT). No attempt was made to provide an improved design for a pool to support an MST
approach. Xing and Hambleton (to appear) note the importance of the item pool on the overall
quality of the tests produced from it. A method to derive an item bank design is given by van der
Linden, Veldkamp, and Reese (2000). While using an existing item pool yields important
results, a different pool (even an artificially created pool) might be better for MST design review.
Of course, any pool used for evaluation purposes must be a reasonable pool that could be
supported by item writers, test specialists and/or item cloning. The use of an existing pool does

allow a strong argument that the pool can be supported.

Bin percentiles

Modifying the bin percentiles affects both the bin targets and the routing rules. All the
designs considered here have 100% of the population taking the first two testlets (first stage).
The second stage always has two bins with a 50%-50% split between the bins. This means that
the lowest 50% of all scores in the first stage go to the lower bin of stage 2 and the upper 50% of
the scores go to the upper bin of stage 2. It is impossible to achieve exactly the split stated for
the latter stages when the same routing rules are used for all examinees. For designs with four
stages, the third stage will always have three bins with a 33%-33%-33% split. The final stage
can have three types of bin partitioning rules: even splits of the test-taking population, 20% in
each outer bin of the final stage, and 13% in each outer bin of the final stage. Examples of the
bin partitioning rules are show in Tables 2 and 3 for both three and four stage MSTDs. By
directing a smaller group of individuals to the outer bins, the intention was to provide additional

scoring accuracy for the examinees with extremely high or low abilities.
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(insert Tables 2 & 3 about here)

A design with four stages allows for further categorization of the test-takers. The 4-stage
designs have eight possible paths for test-takers. Experience has indicated that more than four
levels at the final stage provide a negligible increase in scoring accuracy and make the design too

complex.

Parameters for bin target creation

Bin targets will be created using the method described in Armstrong and Roussos (2002).
Armstrong and Roussos derive targets using an omniscient testing method which simulates the
administration of a multiple linear test with knowledge of the test takers’ true abilities; the test
takers are drawn from standard normal distribution. The omniscient test assembly problem has

the following objective function:

Minimize ) (ad, + a,i, — a1, (6))x, .

i
i

The binary variable x, equals 1 if the i item is assigned to the test and equals 0 otherwise. The

parameter #, is the random cost associated with each item, and this study sets ¢, equals 1. The

parameter i, is the exposure rate of the i item, which can be calculated as the total number of
tests in which the item has appeared divided by the total number of tests administered. The value
of a, >0 can be considered as a penalty coefficient for item usage. The third term, -1, (),
represents the focus of standard CAT implementations where the objective is to maximize
information; and 7, () is the information associated with each item. The constraints in the
optimization problem are the same as the constraints mentioned above, excluding the

information and characteristic function constraints. This study used 15,000 examinees to

stabilize the exposure rate and another 15,000 examinees to obtain the targets.

Armstrong and Roussos adjust the information provided by an item with a penalty based
on the exposure rate. The two parameters, ¢, and o;, can be varied in the target creation
process; a larger «, puts an emphasis on item pool utilization, and a larger ¢, puts an emphasis

on item information. An increased emphasis on information will lead to a reduced utilization of
the pool, and an increased emphasis on controlling exposure will reduce the test reliability. In

this study, o, will be set at 75, a level identified by Armstrong and Roussos; o, will range from
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20 to 40. As the information parameter is increased, the targets for a given MSTD also increase.
Figure 1 shows the individual bin targets for the testlets in the final stage of the MSTD shown in
Table 1.

(insert Figure 1 about here)

These individual targets for each bin increase as ¢, increases. The figure compares the

targets when the information parameter is equal to 20 to the targets when the information
parameter is equal to 40. The path targets are a sum of the testlet targets corresponding to that

path, so the path targets also increase as ¢, increases. Although each incremental increase in «,

leads to small increase in the corresponding targets, sizeable differences in results are seen across

the range of ¢, values. For example, the number of non-overlapping MSTs assembled from the
item pool drops from 21 to 19 as «; increases from 20 to 25; as ¢, is increased from 20 to 40,

the number of MSTs decreases from 21 to 15 (see Table 5).

Number and position of bins

All designs have the number of bins at a stage non-decreasing. The MSTDs are
distinguished according to the number of testlets appearing in the bins of a stage. If the stage has
two testlets to a bin, the stage number will be repeated twice, if there is only one testlet per bin in
a stage, the stage number will only appear once. For example, the MSTD discussed in Table 1
will be named 1-1-2-3-3. This name means that there are two testlets in each bin of stages (i),
and (iii). Since the number of levels at a stage is non-decreasing, and all MSTDs begin with one
level in the first stage, one can infer that there is one level in stage (i), one level in stage (ii), and
three levels in stage (7ii). The following 3-stage designs will be evaluated: 1-1-2-2-3, 1-1-2-3-3,
and 1-1-2-2-3-3. All of the 3-stage MSTDs had 4 paths, where an examinee reaching the upper
(lower) level at stage 2 could not advance to the lowest (highest) level at stage 3. The 4-stage
equivalents of these designs will also be evaluated; these include: 1-1-2-3-4, 1-1-2-3-3-4, and 1-

1-2-2-3-4. All the 4-stage MSTDs had 8 paths.

Number of testlets per bin

The number of items per testlet will follow the current rules used for the P&P LSAT with
set based items. The stimulus and associated items would be a testlet when set based items are
used. The MSTs of this paper constrain the number of items in a testlet to be between 5 and 7.

All designs begin with two testlets in the first stage. There will never be more than two testlets
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at a stage. The total number of testlets on any path will be limited to 6, and all bins at a stage

will have the same number of testlets.

The above stipulations reduced the number of possible designs, but there still were too
many design variations to perform a thorough evaluation of every design; in particular, the target
possibilities were extremely large. The number of designs was logically reduced to a

manageable number.

Results and Discussion.

This section presents computational results from assembling MSTs with discrete items
from an operational item pool. There were 1336 items in the item pool. All solution times came
from runs on a desktop personal computer with a Pentium 4 CPU, 3.06 GHz, 2.00GB of RAM,
and Windows XP operating system. The item pool was saved in a Microsoft Access database.
All MIP problems were solved with CPLEX (ILOG, 2000). Programs extracting data from the
database, formulating the problems, and writing the assembled MSTs to the database were

written in AMPL (Fourer, Gay, and Kernighan (2003)).

Simplicity of the Design

Simpler designs typically have fewer items per test form and fewer paths. An item can
appear multiple times on an MST, but at most once on a path. The assembly model encourages
multiple occurrences of an item on an MST by randomly choosing a value for each item from a
uniform distribution. This value is then used as the objective coefficient for the MIP for
assignments of the item to any bin. The random numbers are generated anew for each MST
assembly. Table 4 shows the average number of items per MSTD with the changing information

parameter.
(insert Table 3 about here)

From this table, it can be observed that for the 3-stage test designs, the simplest design
came from the first bin partitioning rule, even splits of the test-taking population. When the
information parameter was greater than 35, however, the lowest number of items per test form
came from the second bin partitioning rule, where the outer bins received the highest and lowest
20% of the population. Table 9 shows that for the 4-stage MSTDs, the fewest items per test form

was also achieved with the even splits rule.

Item Pool Usage
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Item pool usage can be described using the maximum number of tests assembled from the
item pool. Table 5 shows the maximum number of tests assembled for the various test designs
evaluated. The 5-testlet designs require fewer items per path than the 6-testlet design; thus, it is

reasonable that these designs find more tests than the 6-testlet design.
(insert Table 5 about here)

Table 5 also shows that the most tests assembled come from designs using the first bin
partitioning rule, with the population of test takers evenly split among the bins of the test design,

and with the lowest level of the information parameter ( ;= 20). The assembly process found
fewer tests when «, < 20 than at higher levels of the information parameter. Also, the scoring
reliability achieved for a;< 20 was considered unsatisfactory. Thus, MSTDs with the

information parameter less than 20 were not evaluated further.

Scoring Reliability

Scoring reliability is described using the conditional standard error of the scaled score
and fidelity. Scaled scores were obtained by true score equating table and the scaled scores
ranges from 20 to 80. These summary values were calculated assuming a stand normal

distribution of the population ability.
(insert Tables 6 & 7)

The 1-1-2-2-3-3 design has the lowest overall SE out of the three 3-stage designs
evaluated. Within that MSTD, for each bin partitioning rule, no significant improvement is seen
with a3>35. However, for the 5-stage designs, the 13% rule achieves the lowest standard error.
Fidelity is the correlation between the scaled scores obtained from the number correct probability
distribution conditioned on ability and the scaled score based on the true score derived from the
assumed known ability. Numerical integration was used. The highest values for fidelity are seen
with the 1-1-2-2-3-3 MSTD; and for the 5-testlet designs, the 13% rule achieves better results
(higher fidelity values) than the other bin partitioning rules, but for the 6-testlet designs, the 33%

or even splits rule outperforms the other bin partitioning rules in terms of maximizing fidelity.

(insert Table 8 about here)

(insert Table 9 about here)
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Table 9 shows the maximum number of tests assembled from the item pool with a
sequential assembly method where MSTs were assembled one at a time and all items previously
used on MSTs were removed from the pool. Table 9 also gives the average number of items per
test form, standard error, standard deviation of scaled test scores, and fidelity values from the 4-

stage MSTDs with the information parameter set at 25. Surprisingly, the results were less

favorable than for the 3-stage designs.
(insert Figure 2 about here)

The reason for this reduction in scoring accuracy comes from lower information targets.
This result contradicts the generally accepted theory that additional adaptation improves scoring
accuracy. We are currently looking closely at this paradox. Nevertheless, trial runs, to this
point, show minimal improvement in going beyond three levels at the final stage. A major
disadvantage of the 4-stage designs is that it is more complex, requiring more items and more
paths to review. Also, the run time for the assembly models was longer than that for the 3-stage
models. For a full comparison of solution time with respect to MSTD and information

parameters, refer to Tables 10 & 11.

(insert Tables 10 and 11 about here)

Conclusions.

The implementation of the MST approach to CAT can take place in fairly straightforward
manner. The items (testlets) are predetermined and simple routing rules based on number correct
are specified. However, the various components of an MSTD make the process of selecting the
“best” MSTD a complex problem. Within these MSTDs, the first bin partitioning rule, even
splits of the test-taking population, is the most favorable in terms of item pool usage and
simplicity of the test design. Also, it provides approximately the same exposure rate for each
testlet at a given stage. However, the 13% rule was the most favorable in terms of maximizing
scoring reliability. For example, conditional on @ = 3.0, the conditional error of the scaled score
was generally reduced by about 6.5% by using the 13% rule as opposed to the even splits rule.

The 5-testlet designs provided less scoring reliability than the 6-testlet designs. The 5-
testlet designs, however, found, on average, three more tests per assembly with a given MST
design. This was not a surprise since the number of items on each path was about six more when
the additional testlet was included. The real issue was the magnitude of the differences and how

the agency views the trade-offs. The 4-stage was inferior to the 3-stage design in terms of
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simplicity and item pool usage. The experiments, to date, indicate little improvement in scoring
reliability by adding a fourth stage. Further computational investigation is ongoing with the
consideration of additional designs. In particular, designs with three levels at the second stage
will be considered along with additional operational item pools.

The conclusions derived from this study are highly dependent on the item pool used to
assemble the MSTs. As an agency moves from a linear testing approach to an adaptive one, a
consideration for the make-up of the item pool should be considered. Here, an operational pool
constructed to provide linear test forms was used. If an MST approach is implemented at an
agency, the characteristics of items used on test forms will change from those used on linear
tests. It is important to find an item pool design (make-up or blue print) that can be supported
and will produce “good” tests under the criteria outlined in this paper.

Various issues need to be considered before a final multi-stage adaptive test design is
selected. The trade-offs between scoring accuracy, cost and practicality of item development,
and ease of form review have to be weighed. Once a design is chosen and becomes operational,
it is difficult to change. The intent of the study reported here is to provide management

information to determine an acceptable design that can be functional for several years.
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Stage (i) (ii) (iii)
Percentile 10-14 items 5-7 items 10-14 items
[67,100] Bin 6
[50,100] Bin 3
[0,100],[33,67] Bin 1 Bin 5
[0,50] Bin 2
[0,33] Bin 4

Table 1. An MST design with 3 stages and 6 bins is given. Each bin in the
MST depicted is targeted for a particular population percentile range as
indicated in the left margin. The range on the number of items assigned to
each bin is given in the column header. This is a set based design with 5 to 7

items from each set.

Stage (iii)
Bin
partitioning 33% 20% 13%
rule
[67,100] [80,100] [87,100]
[33,67] [20,80] [13,87]
[0,33] [0,20] [0,13]
Table 2. A display is given for the three bin partitioning rules for 3-stage
MSTDs.
Stage (iv)
Bin
partitioning 25% 20% 13%
rule
[75,100] [80,100] [87,100]
[50,75] [50,80] [50,87]
[25,50] [20,50] [13,50]
[0,25] [0,20] [0,13]

Table 3. . A display is given for the four bin partitioning rules for 4-stage

MSTDs.
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Bin Targets for Final Stage Bin Targets for Final Stage
3-stage MSTDs, 03=20 3-stage MSTDs, o3=40
5.00 5:00
= 4.00 1 - 2
2 ——Bin4 2 —+—Bin4
s 0 s 390
: 2.00 3 ——Bins) | E 200 = Bin 5
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Figure 1. Bin Information Curves for the bins of the final stage of the 1-1-2-2-3-3 MSTD. In the figure on the left, the
information parameter ¢,=20; in the figure on the right, the information parameter «,=40.
Bin Targets for Final Stage Bin Targets for Final Stage
4-stage MSTD, a3=25 3-stage MSTD, a3=25
o WV~ 2. .5
2 2 N ~—Bin 10 g =
2 /4'4&5:/ TN e Bl 3 s ——Bin4
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Figure 2. Bin Information Curves for the bins of the final stage of the 1-1-2-3-4 MSTD (on the left) and the 1-1-2-2-3

MSTD (on the right). The even split bin partitioning rule used for both designs.
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5-testlet MSTDs 6-testlet MSTDs
1-1-2-2-3 1-1-2-3-3 1-1-2-2-3-3

0,
33% | 374| a43| 449| 464| s512| 401 476| 481 502| 509 523| 543 | 562| 569| 57.8

0,
20% 1 472| 450| s0.6| 482| 46.1| 468| 50| s12| 494 467 522| 565| 584 565| 518

0,

13% 1 453| 463| 480 500| 543| 497| 52.1| 524 544 551 555| 592| 609 60.0| 63.1
2% 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Table 4. The average number of distinct items per test from each MSTD with varying information parameters is
given. The results come from an average across six replications.

5-testlet MSTDs 6-testlet MSTDs
1-1-2-2-3 1-1-2-3-3 1-1-2-2-3-3
0,
33% 25 21 19 18 17 23 19 18 16 15 21 19 17 16 15
0,
20% 22 20 19 17 16 20 18 16 16 15 20 17 16 16 15
[1)

13% 22 20 18 16 15 18 17 15 14 13 17 16 15 14 13

a, 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40

Table 5. Maximum number of tests assembled after six replications from each test design.
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5-testlet MSTDs 6-testlet MSTDs

1-1-2-2-3 1-1-2-3-3 1-1-2-2-3-3
33%
4.66 | 429 | 411 | 405 | 401 | 440 | 420 | 4.08 | 3.99 | 391 381 | 3.66 | 3.55 | 3.46 | 3.42
o
20% | 444 | 426 | 410 | 401 | 426 | 434 | 4.15 | 403 | 4.04 | 4.11 3.94 | 3.62 | 353 | 3.46 | 3.58
o
13% ] 441 | 425 | 412 | 401 | 3.99 | 430 | 4.17 | 405 | 3.96 | 3.87 3.78 | 3.66 | 3.55 | 3.43 | 3.38
a, 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Table 6. Conditional standard error from each test design is shown. The results come from an average of all n tests
assembled from a given design (shown in Table 5).
5-testlet MSTDs 6-testlet MSTDs
1-1-2-2-3 1-1-2-3-3 1-1-2-2-3-3
(1)
33% 10.96 | 10.70 | 10.64 | 10.62 | 10.61 | 10.70 | 10.64 | 10.60 | 10.55 | 10.53 10.41 | 10.36 | 10.33 | 10.31 | 10.31
(1)
20% 10.74 | 10.65 | 10.59 | 10.57 | 10.65 | 10.62 | 10.54 | 10.51 | 10.53 | 10.66 10.43 | 10.31 | 10.28 | 10.31 | 10.36
o
13% 10.67 | 10.65 | 10.58 | 10.54 | 10.52 | 10.55 | 10.51 | 10.46 | 10.42 | 10.36 10.33 | 10.28 | 10.27 | 10.24 | 10.18
a, 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40

Table 7. Standard Deviation of scaled scores from each test design is given. The results come from an average of all n
tests assembled from a given design (shown in Table 5).
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5-testlet MSTDs 6-testlet MSTDs
1-1-2-2-3 1-1-2-3-3 1-1-2-2-3-3
(1)
33% 0.904 | 0.915 ] 0.922 | 0.924 | 0.925 | 0.911 | 0.918 | 0.922 | 0.925 | 0.928 0.930 | 0.935 | 0.938 | 0.941 | 0.943
(1)
20% 0.910 | 0.916 | 0.921 | 0.924 | 0.916 | 0.912 | 0.918 | 0.923 | 0.923 | 0.922 0.925 1 0.936 | 0.939 | 0.941 | 0.938
(1)
13% 0.910 | 0.916 | 0.920 | 0.924 | 0.925 ] 0.912 | 0.917 | 0.921 | 0.924 | 0.927 0.930 | 0.934 | 0.938 | 0.942 | 0.943
a, 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Table 8. The average Fidelity from each test design is displayed. The results come from an average of all n tests
assembled from a given design (shown in Table 5).
5-testlet MSTD 6-testlet MSTDs
1-1-2-3-4 1-1-2-2-3-4 1-1-2-3-3-4
No. | Items No. | Items No. | Items
of | per of | per of | per
tests | test | SE | stddev | Fidelity tests | test | SE | stddev | Fidelity | tests | test SE | stddev | Fidelity
0
25% 17 | 498 ] 470 | 10.91 0.902 18 56.2 | 405] 10.56 | 0.923] 15 52.6 | 4.23| 10.67 0.917
0
20% 1 16 | 570 486| 1095| 0.895| | 17 | 56.8| 3.99| 10.52| 0925| 15 | 58.6| 4.12| 10.56|  0.920
0
13% 14 | 584 ] 490 | 10.92 0.893 17 57.5| 4.05] 10.53 0922 | 14 60.2 | 4.15] 10.55 0.919

Table 9. Analytical summary results from 4-stage MSTDs where «,=25.
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5-testlet MSTDs

6-testlet MSTDs

1-1-2-2-3 1-1-2-3-3 1-1-2-2-3-3

33%

24.0 72.3 | 109.7 90.8 | 147.5| 101.0| 136.3 60.6 | 156.0 | 120.1 75| 82| 69 |15.7]21.6
o
20% 792 119.7| 758 | 121.0| 1106 | 114.1] 1113 | 117.5] 1254 | 136.3 128 63180 62| 7.1
o
13% 117.4 | 100.0 | 96.9 95.2 | 155.0 28.8 523 100.3 752 220.8 340 17.1 | 273 (174|313
a; 20 25 30 35 40 20 25 30 35 40 20 | 25 | 30 | 35 | 40

Table 10. Solution times in seconds from 3-stage MSTDs with varying information parameters. The results come
from an average across six replications.

5-testlet 6-testlet MSTDs
MSTD
1-1-2-3-4 1-1-2-2-3-4 | 1-1-2-3-3-4
25% 429 56.9 231.1
20% 284.2 438 389.1
13% 711.0 83.3 394.6

Table 11. Solution times in seconds from 4-stage MSTDs where «,=25. The results come from an average across six

replications.




