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Abstract

In international large-scale surveys, constructed response (CR) items are increasingly being used and multiple-
choice (MC) items are being used less frequently. In the 1991 IEA Reading Literacy Study, only 6 out of 108
items were CR items. In PIRLS 2001, there were 46 MC and 52 CR items. This change makes it worthwhile
evaluating the differences between multiple-choice and constructed response items in terms of the scaling

Introduction

In this chapter the differences between multiple-choice and constructed response items used in PIRLS 2001
have been evaluated. Earlier research work lead to “...the conclusion that item format exerts no significant
influence on the outcome in large-scale surveys of reading, where a major purpose is to establish levels of
comprehension in comparable groups of students.” (Elley and Mangubhai 1992). Since there are major
differences in terms of costs when administering constructed response items compared to multiple-choice items,
it is important to ask if multiple-choice items and constructed response items a) measure the same thing and, b)
if constructed response items provide additional information. First the two groups of items have been compared
by looking at item characteristics based on different item response models: 1) percent correct, 2) RASCH item
parameters and 3) IRT item difficulties. In a second step the influence on student scores based on the different
item types has been evaluated. Student scores were calculated based on multiple-choice items and constructed
response items separately. Then differences between countries and between boys and girls on the scores on the
different item types were compared.

The items

The easiest way of comparing item difficulties is to examine the percentage correct for each item respectively
for different groups of items. When looking at the percentage correct for the PIRLS items, the different missing
codes used in PIRLS must be considered. In that study a distinction was made between items that were

e not administered to students (because of the rotated test design),

e invalid missing codes (because students checked 2 options of a multiple-choice item, or similar

problems),
e omit codes (because students did not answer an administered item)
e not reached codes (because student were not able to finish their test booklet in the time given)

In PIRLS ‘invalid’ and ‘omit’ codes were considered as wrong responses whereas ‘not administered’ and ‘not
reached’ codes were removed when calculating item parameters. Removing ‘not reached’ codes takes away the
position effect of the items. This was necessary because items appeared in different positions in the different test
booklets. When calculating student abilities, the ‘not reached’ codes were treated as wrong because the time
given to finish the test booklets was very generous and students who did not finish the test within the given time
should be penalized. For details about the treatment of missing codes in PIRLS, the reader is referred to
Chapters 8 and 11 in the PIRLS Technical Report (Martin and Mullis 2003). Furthermore, for some constructed
response items, up to 2 score points could be given. This means that students awarded 2 points should be
regarded as having achieved a full credit, whereas 1 score point means partially correct. This partial credit
approach needs to be taken into account when calculating the percent of score points gained by a student.

When calculating the percentage correct for all items and averaging these up for all multiple-choice items and
constructed response items respectively, the results were an average correct for constructed response items of
38.3 percent and for multiple-choice of 49.1 percent.

Consequently, when defining the difficulty by the percentage of score points gained by the student, constructed
response items were harder than the multiple-choice items.



An easier way of looking at item difficulties is to calculate RASCH item difficulties (Baker 1992). Several
programs are available to calculate item parameters based on the RASCH model. For this article, the ConQuest
software (Wu 1998) was used. For the calculation of the item parameters, all 151,761 students from all countries
participating in PIRLS were read into the ConQuest software. Since there were items that were scored
polytomously, the partial credit model (Wright and Masters 1982) was used for calculating the item parameters.
The item difficulties were specified to add up to zero. When averaging the RASCH item difficulties for all
multiple-choice items the mean was -0.41. The mean of the RASCH item difficulties of the constructed response
items was 0.36. Thus, when applying the RASCH model, the constructed response items were also harder than
the multiple-choice items.

For scaling the PIRLS 2001 data, a 3-parameter IRT (Baker 1992) model was applied. This model — unlike the
Rasch model — also takes different item discrimination and students’ guessing into account. For obvious
reasons, guessing only had to be considered for the multiple-choice items.

In the PIRLS 2001 technical report (Martin, Mullis and Kennedy 2003), the item parameters calculated with
PARSCALE™ (Muraki and Bock 1997) have been published. The sum of the item difficulties was also fixed to
be zero. When calculating the average item difficulty for the multiple-choice items, a value of —0.18 was
obtained and for the constructed response items it was 0.01. Thus, even after taking guessing into account the
constructed response items were still harder than the multiple-choice items, but the difference was less than with
the Rasch or classical percentage correct approaches.

In Table 1 the percentage correct, the RASCH item difficulties and the IRT item difficulties for each of the
items have been presented.

Table 1: Percentage correct, Rasch item difficulties and three parameter difficulties for each item

betas from betas from
percent ConQuest international percent  ConQuest international
CR items correct  results technical report MC items correct results  technical report
RO11A01C 60.0 -1.26 -1.23 R011A02M 445 -0.02 0.26
R011A03C 53.6 -0.70 -0.86 R0O11A05M 63.2 -1.57 -0.96
R011A04C 38.3 0.42 0.00 R011A06M 64.4 -1.70 -1.11
R011A07C 21.7 -0.16 -0.37 RO11A10M 421 0.19 0.14
R011A08C 51.0 -0.40 -0.68 R0O11LO1M 66.3 -1.86 -2.50
R0O11A09C 37.4 0.51 0.09 RO11L02M 35.4 0.61 0.81
RO11A11C 35.5 0.65 0.15 RO11LO5M 33.3 0.76 0.75
R0O11L0O3C 43.5 0.06 -0.29 RO11LO7M 34.4 0.70 0.66
R0O11L04C 30.6 1.01 0.52 RO11LO9M 59.2 -1.14 -0.74
R011L06C 33.6 0.70 0.25 RO11L11M 48.4 -0.26 -0.01
R011L08C 25.7 1.35 0.72 RO11NO1M 53.5 -0.72 -0.28
R011L10C 23.8 1.36 0.77 RO11NO2M 43.7 0.01 0.31
R011L12C 25.6 1.40 0.76 RO11NO3M 58.6 -1.15 -0.64
RO11NO7C 26.8 1.14 0.64 RO11N04M 34.8 0.62 0.45
RO11N08C 34.1 0.69 0.24 RO11NO5M 42.3 0.12 0.24
RO11N10C 18.4 1.86 1.05 RO11NO6M 26.9 1.18 0.88
RO11N12C 28.1 1.02 0.49 RO11NO9M 53.6 -0.71 -0.42
RO11N13C 374 0.51 0.10 RO11N11M 38.1 0.41 0.45
R011R04C 56.8 -0.94 -1.00 RO11R01M 43.5 0.06 0.10
R011R05C 52.6 -0.59 -0.59 R011R02M 354 0.62 0.62
R011R06C 43.1 0.19 -0.14 R0O11R0O3M 62.8 -1.48 -1.10
R011R0O7C 35.2 0.66 0.20 R011C04M 36.2 0.58 0.46
R011R08C 325 0.85 0.35 R011CO5M 51.7 -0.54 0.01
R0O11R09C 39.9 0.39 -0.03 R011C0O7M 54.1 -0.73 -0.28
R011R10C 36.6 0.77 0.37 R011C09M 31.7 0.90 0.69
RO11R11C 29.5 0.43 0.01 R011C12M 41.8 0.21 0.43
R011C01C 42.6 0.12 -0.08 R011C13M 40.0 0.34 0.48
R011C02C 31.0 0.93 0.40 RO11F01M 54.7 -0.77 -0.34
R011C03C 49.7 -0.39 -0.39 RO11F02M 53.1 -0.64 -0.57
R011C06C 40.8 0.26 -0.03 RO11FO3M 53.9 -0.70 -0.46




R011C08C 32.3 0.81 0.35 RO11F04M 60.7 -1.30 -0.71
R011C10C 20.9 0.90 0.39 RO11FO5M 51.0 -0.47 -0.18
R011C11C 34.0 0.77 0.27 RO11F11M 39.5 0.38 0.25
R0O11F06C 43.9 0.05 -0.24 RO11F13M 44.0 0.09 0.21
RO11F07C 28.7 1.01 0.53 RO11HO1M 65.0 -1.80 -1.45
R0O11F08C 42.2 0.18 -0.10 R011H02M 64.7 -1.76 -1.43
RO11F09C 51.0 -0.33 -0.46 R0O11HO5M 61.2 -1.39 -1.01
RO11F10C 59.6 -1.17 -1.08 R011HO6M 50.7 -0.50 -0.60
RO11F12C 234 1.39 0.76 RO11H11M 54.6 -0.78 -0.44
R011HO3C 285 1.06 0.87 RO11MO1M 59.1 -1.21 -0.51
R011H04C 57.9 -1.08 -1.11 R0O11M02M 65.4 -1.84 -1.10
R011HO7C 47.9 -0.23 -0.55 R011MO3M 40.4 0.26 0.33
R0O11HO8C 39.4 0.32 0.01 RO11MO5M 55.9 -0.91 -0.41
R0O11HO9C 51.9 -0.45 -0.68 R011M08M 35.7 0.61 0.85
R0O11H10C 31.5 0.96 0.48 RO11M0O9M 55.1 -0.84 -0.53
R011M04C 24.0 1.45 0.79 RO11M13M 53.1 -0.64 -0.05
R0O11M06C 47.4 -0.18 -0.34
R011M07C 51.8 -0.57 -0.55
R011M10C 64.3 -1.70 -1.35
RO11M11C 277 1.20 0.58
R0O11M12C 245 1.36 0.73
R011M14C 421 0.19 -0.14

Mean 38.3 0.36 0.01 49.1 -0.41 -0.18

From Table 1 it can be seen that the multiple-choice items appeared to be easier when guessing was not taken
into account, which is the case if percentage correct or RASCH item difficulties were examined. When guessing
was taken into account, the difference between the item difficulties became marginal.

The student scores

In this section the influence of the item type on the student scores for different countries and for different groups
of students has been examined.

In PIRLS plausible value scores (Rubin 1987) have been calculated as it was described in chapter 11 of the
PIRLS 2001 technical report (Martin, Mullis and Kennedy 2003). This multiple imputation methodology had to
be used to derive reliable estimates of student performance in a study like PIRLS where a matrix sample design
has been applied and students have been administered only a subset of the survey items.

Since no program was available to calculate plausible value student scores based on a three-parameter model,
scores based on the RASCH model were calculated using the CONQUEST software. To ensure that the use of
the RASCH scores had no significant influence on the subsequent results, plausible values were calculated
based on all items together without any distinction between the item types. For this purpose, the item parameters
calculated with the CONQUEST software before were used and plausible values were calculated by anchoring
the item parameters onto the previously calculated item parameters. In contrast to the international PIRLS
scaling process, no background variables were used for the conditioning model which caused that the reliability
of the scores is reduced.. The calculated plausible values were standardized to an international mean of 500 with
standard deviation of 100, similar to the international PIRLS scores.

These plausible values based on the RASCH model were then compared to the international scores reported in
the international PIRLS report (see Exhibit 1.1 in the PIRLS 2001 international report). For this purpose,
weighted means for all countries and their standard errors were calculated using the Jackknifing procedure (for
details about the Jackknifing procedure, please refer to Chapter 12 in the PIRLS 2001 Technical Report).

The results have been presented in Figure 1.
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The important result is that the means of the calculated RASCH reading scores did not differ significantly from
the means of the international scores for all countries except for the two lowest scoring countries, Morocco and
Belize.

There might be different reasons why there were differences in the scores for these 2 countries, but the most
obvious one might be that these two countries were not only the lowest scoring countries, but also the countries
with most students below the international 10™ percentile. In Belize 50.1 percent of the students had an
international RASCH score below the international 10" percentile of 365. In Morocco there were 42.0 percent
of students scoring below the international 10" percentile. Since there were very few items that were easy
enough to measure the students’ ability in that range accurately, it was no surprise that the scores differ
depending on the scaling model used. (The percentages of students scoring below the 10™ international
percentile have been given in Table 2.

Table 2: Percentages of students below the international 10™ percentile
Percentage of students below the

Country international 10" percentile
BELIZE 50.1
MOROCCO 42.0
KUWAIT 31.0
ARGENTINA 24.0
IRAN, ISLAMIC REP. 233
COLOMBIA 21.8
MACEDONIA, REP. OF 20.5
TURKEY 14.5
ISRAEL 7.7
NORWAY 7.5
CYPRUS 7.5
MOLDOVA, REP. OF 6.9
ROMANIA 6.9
SINGAPORE 6.7
NEW ZEALAND 6.6
SLOVENIA 5.4
ICELAND 5.3
SCOTLAND 52
SWEDEN GR. 3 4.5
ENGLAND 3.7
SLOVAK REP. 3.6
UNITED STATES 3.6
BULGARIA 3.5
FRANCE 33
GREECE 3.0
RUSSIAN FEDERATION 2.6
HONG KONG 2.6
GERMANY 2.4
CANADA 2.4
ITALY 1.9
LITHUANIA 1.8
CZECH REP. 1.8
HUNGARY 1.7
SWEDEN 1.4
LATVIA 1.2
NETHERLANDS 0.7

In a second step, two sets of plausible values were calculated with the CONQUEST software — one based on the
multiple-choice items only, and the second based on the constructed response items only. For both sets of
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plausible values, the same procedure as described before was used, but for each set only the multiple-choice
items or the constructed response items were used for the calculation of the item parameters, as well as for the
calculation of the students’ plausible values. It must noted that the reliability — especially of the multiple choice
scores — was lower than for the international scores.

In Figure 2 the national mean scores based on the constructed response items only (CR scores) and their
standard errors, and national mean scores based on the multiple-choice items only (MC scores) and their
standard error have been presented.
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As can be seen from Figure 2, there were at least 10 countries where the two scores differed significantly:
Sweden, England, Bulgaria, Canada, Hungary, New Zealand, France, Slovenia, Iran and Belize. The results of
these countries have been framed.

For 8 of these 10 countries the constructed response item scores were above the international average of 500.
For these 8 countries the multiple-choice score was lower than the constructed response score. The remaining 2
countries with significant different scores had a score below the international average and, furthermore, the
multiple-choice score was higher than the constructed response score.

No cultural or other factors could be found between the countries with significantly higher constructed response
scores. The 8 countries did not differ compared to the other countries in terms of more students reaching the top
of the multiple-choice item scale which could result in a ceiling effect and consequently lower scores on that
scale. No clusters of countries with similar cultures could be found. For example, Canada and the US tended to
behave quite similarly in the analysis but the difference for Canada was twice as high as for the US.

A more detailed analysis of these differences would be desirable. For example, it would seem to be desirable to
calculate 3-parameter IRT models for each country individually and then examining the item parameters might
cast some light on different behaviors of student guessing. Nevertheless, from these first results it can be seen
that there were some countries where it mattered if a test consisted of multiple-choice items or of constructed
response items. The differences found with the PIRLS scores were up to 19 score points.

Gender differences

In this section an examination has been made of the differences between boys and girls in the countries with
respect to their scores based on the multiple-choice items and the constructed response items respectively.

First, the mean ability of girls and boys were calculated for each country based on the scores calculated with the
multiple-choice items only and also for the scores calculated with the constructed response items only. Then a
regression analysis was performed to calculate the differences of the boys’ means compared to the girls’ means,
with the appropriate standard errors for the differences. The result of comparing these boy-girl differences based
on the different sets of items has been presented in Figure 3. The boys’ reading achievement in relation to the
girls’ reading achievement based on the constructed response items have been depicted by a white bar. If the
girls in the country performed better than the boys, this has been indicated by a negative number. The same
differences but based on the scores of the multiple-choice items only have been depicted by grey bars.
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From Figure 3 it can be seen that in all countries girls performed better than boys - which was also reported in
the PIRLS 2001 International Report. For all countries except Italy, the difference based on the constructed
response items only was higher than the difference based on the multiple-choice items only. For the countries
Colombia, Czech Republic, Germany and Iran only the gender differences based on the constructed response
items were significant. For Morocco, only the gender difference based on the multiple-choice scores was
significant. It must be noted here that since gender was not included in the population model for calculating the
plausible values, the gender differences were not absolutely correct and might be underestimated.

With the data presented here, however, no significant differences could be found for the different item types
with respect to gender although the general statement that the differences between boys and girls tended to be
higher when looking at the constructed response items holds.

Conclusion

The fact that percentage correct of the multiple-choice items in PIRLS 2001 tended to be lower than the
percentage correct for constructed response items seems to be mainly effected by the guessing that took place
for multiple-choice items. In general, scores based on multiple-choice items or on constructed response items
seemed to be quite comparable. But there were differences for some countries with respect to the item type.
Consequently, it appears to be a good approach, as done in PIRLS, to administer multiple-choice items as well
as constructed response items.
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