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Introduction

The International Adult Literacy Survey (IALS) was conducted in 1994 with the aim

of producing literacy profiles to be used in individual national analyses as well as in

international comparisons. The study is a large scale comparative assessment of adult

skill. The first round of this survey was conducted in seven OECD countries, USA,

Canada, Germany, Poland, Switzerland, Netherlands and Sweden. The Swedish subset

of the IALS data file is reanalysed in this paper. The IALS study aimed at assessing

three aspects of adult literacy: prose literacy, document literacy and quantitative

literacy. The sampled population in each country was aged 16-64 years. In the

analysis, made by Educational Testing Service (ETS), the assumptions were that the

test items could be divided into three unidimensional scales corresponding to the three

aspects Prose, Doc and Num. The Prose dimension refers to the ability to read and

understand texts of story type or descriptions or explanations of something. The

Document (Doc) dimension refers to the abilities related to understanding texts

consisting of structured collections of information in the form of charts, graphs, lists

and tables. They typically involve locating information or following directions, rather

then reading of connected texts. Numeracy (Num) is a dimension referring to the

ability to make calculations with assistance of information given in texts or documents

of different kinds.

The assumption of uni-dimensionality is fundamental in the IRT-based estimation

technique used to rescale the result of the test subjects into a common scale. This

assumption will be scrutinised in this paper by using models for multivariate data. We

will show that it is possible to identify a general dimension, measuring a general

literacy ability, plus some more specific dimensions. Some of these more specific

dimensions correspond to the postulated dimensions, although the support seems to be

quite weak.

The more specific dimensions could also be due to context specific contributions

within each passage of items, but also as a result from the design of the study. These

design effects could be caused by e.g. speededness in the test. There seems to be some

support for an end of text factor, probably a factor related to speededness in the test.
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Evidence are also in support for the hypothesis that there exists gender differences in

some dimensions.

Constructs and measurements

The Swedish subset of the IALS data was analysed in this work assuming the

existence of a general dimension, Literacy (Lit), together with more specific

dimensions Num and Doc. The assumption of a hierarchical model with a general

dimension at the highest level and with more specific ability dimensions at the lower

levels is in accordance with results from theoretical psychometrical research results,

concerning the structure of the cognitive abilities. Some results (Caroll, 1993;

Gustafsson, 1988) show that there are three levels of generality of cognitive abilities.

The highest level is a general intellectual ability, consisting of an analytical, non-

verbal, reasoning dimension. The second highest level consists of dimensions like

verbal and knowledge abilities, spatial ability and memory ability. At the third and

lowest level there is a large set of specific abilities, corresponding to the "primary

mental abilities" as defined by Thurstone (1938).

Thus, it is assumed that the data analyses could be based on a nested-factor model. A

nested-factor model is a model where all latent variables are directly related to the

manifest variables, but the degree of generality differ, in such a way that there is a

general factor which is related to all manifest variables, along with other factors

related to subsets of the manifest variables. Gustafsson & Balke (1993) and

Gustafsson (1995) defined models with different degrees of generality, e.g. a general

factor, and latent variables which are of a more specific kind related to subsets of the

manifest variables, as nested-factor models. The results in Gustafsson (1995) gave

some limited support for using a hierarchical variance decomposition, when re-

analysing the reading achievement data in the IEA study. The results also suggested

that it is reasonable to consider a model with a general reading achievement factor

since some of the Text and Doc factors were highly correlated. The use of a (common)

general factor could be motivated from the existence of highly correlated factors due

5
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to the common requirement of some level of literacy ability to be able to solve items

representing any domain.

The three scales assumed in the analysis performed by ETS could be expected to co-

vary to a large degree since they all require general reading skills, but still there should

be some unique variance associated with each scale if the validity of the test is

sufficiently high. The unique variability associated with each scale is due to the fact

that subjects' reading performance is to some extent a function of the subjects prior

knowledge and experience with the type of content matter involved in an exercise.

What could be questioned is whether the observed relationship between the constructs

correspond to different literacy factors. Other questions of interest are whether there

exists more dimensions representing text effects, gender effects, etc..

Passage scores were used as the base for the analysis since preliminary analysis results

gave support for the existence of block factors related to the common text for a set of

items, i.e. a passage of items. A passage generally consisted of a mix of item types

(representing Literacy, Document and Numeracy domains), with emphasis on one

domain. We will also search for the existence of other block effects. The possible

existence of block factors corresponding to end of test factors, i.e. factors accounting

for the speededness of the text, will also be considered in the analysis.

The data will be analysed using a structural modelling approach which is able to cope

with the structural missing data structure introduced by the balanced incomplete block

design (BIB) used in this study. This BIB design was adopted in order to obtain

maximum information value for the available test time.

Data structure

The Swedish IALS data consists of a total of 2,919 subjects. Each group was

administered one out of seven booklets according to Table 1. The number of subjects

in booklet 1 is artificially high, since non-responding subjects was included in this

group.
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Table 1. Number of subjects in the 7 booklets

Booklet n

1 527

2 348

3 415

4 436

5 521

6 365

7 307

It was not possible to administer every test item to every test person due to the very

large number of test items in the study. To ensure broad coverage of the measured

literacy domains and not to overburden individual assessment takers, the test battery

was divided into partially overlapping subsets, blocks, which were given to subsets of

the subjects. The blocks were distributed across booklets according to Table 2. Each

block of items was devised to demand roughly the same amount of time, and to

include items of all difficulty, domains and content. The average respondent was

assumed to use 30 minutes to answer background questions and an additional 60

minutes to answer the given block of items.

The balanced incomplete block (BIB) design controls for possible effects due to

different content in the 7 blocks. Thus the design is balanced with respect to the

number of times each block occur together with other blocks, and also at which

location they occur since each block occurs once at every possible location inside

booklets. Effects caused by the order in which blocks are administered to test

subjects, e.g. that the exposure of a block of items to a subject may influence the

motivation to answer the items in the following blocks, i.e. a carry-over effect, is not

controlled for in this balanced incomplete block design.

7
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Table 2. Distribution of blocks within booklets

Booklet Block

1 1,2,4

2 2,3,5

3 3,4,6

4 4,5,7

5 5,6,1

6 6,7,2

7 7,1,3

The distribution of items over the different dimensions in the Swedish IALS are given

in Table 3.

Table 3. Distribution of items over dimensions

Dimension # items

Lit

Doc

Num

37

39

31

Sum 107

The scoring system used in this analysis scored omitted response as an incorrect

response. The motivation for this procedure is that omitted responses could be due to

lack of capability of giving correct answers. Since it is most common that test takers

answer items in order of appearance, it could be assumed that omitted responses

located amongst attained responses (correct or not), should have resulted in an

incorrect response if the test taker would have given an answer.

Another possibility to interpret omitted responses is that the test might be speeded, i.e.

that test takers are so slow to give responses that they do not complete all the

presented items in the test because of exceeding the time limits imposed by the

administration of the test. Speededness is mostly observed at the end of the test since,

as previously discussed, test takers tend to answer items in a sequential order. Scoring

such omitted responses as an incorrect response seems to be crude. But, as will be.

BEST COPY AVAILABLE

8



10

shown, some of this speededness could be taken into account by introducing an end of

test factor in to the model.

Figure 1. Frequency of items not reached

0.
1.00 5.00 9.00 13.00 17.00 21.00 25.00 30.00

a00 7.00 11.00 15.00 19.00 23.00 27.00 3300

Items nct reacted

If omitted responses after the last responded item in the booklet are counted, we get a

good preliminary picture of how serious the speededness problem are. As can be seen

in Fig. 1, a large proportion of test takers do not respond to items presented at the end

of the booklet.

Data analysis

The analysis of the IALS data was performed by combining the 7 subsamples (books),

each with a somewhat different set of variables, and using techniques developed by

Muthen, Kaplan, & Hollis (1987) and Allison (1977), for analysing structural equation

models with missing data structures. They proposed a maximum likelihood (ML)

method for analysing data with a moderately large number of missing data patterns.

Gustafsson & Stahl (1996) has developed the STREAMS system which, in

combination with LISREL 8 (Joreskog & Sorbom, 1993), has made the rather tedious

9
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task of implementing these data analysis techniques possible. The method assumes

that the separate groups considered in the analysis (i.e. groups given different

booklets) come from the same population. Further, it also assumes that the missing

data patterns are "missing at random" or "missing completely at random" (Little &

Rubin, 1987). In this case the missing data is caused by the use of matrix data

sampling design described above, and could be assumed to satisfy the most restricted

conditions of missing completely at random.

In essence, the method treats missing variables as latent variables. The model is then

estimated simultaneously for all distinct subgroups, while appropriate equality

constraints are imposed across subgroups. The method applies to any linear structural

equation model within the span of LISREL models (Joreskog, 1977). This ML

approach produces estimates of parameters which are consistent, asymptotically

efficient and normally distributed. The method also produces consistent estimates of

the standard error of the parameter estimates. These last two results require data

generated from a multinormal distribution to be valid.

The response variables in IALS are dichotomous and are thus clearly not distributed as

multivariate normal distributed variables, which is required for the results from the

used ML estimation to be true. This will e.g. give a tendency to overestimate the

values of the x2 test statistic. The present analysis, however is based on "passage"

scores formed as simple unweighted sum of scores (0 or 1) on items belonging to a

passage. The data analysis is made more robust from deviations from assumptions

implied by the used estimating technique by using passage scores. The necessity to

keep the number of variables at a low level in the quite computer intensive analysis of

matrix design data being used, is another reason to base the analysis on passage

scores.

The existence of text dimensions

Another more important reason to base the analysis on passage scores is the

indications of existence of local dependencies caused by the common text used for
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passages of items. The reason to adopt passage scores as the fundamental' unit in the

analysis is to take into account violations of the conditional independence assumption

usually made. Since the blocks in IALS are made up of a number of groups of items

(passage or testlet, see Sireci, Thissen, & Wainer (1991)), each related to a common

text, the fundamental units to analyse the data should be the passage score obtained

for the testlet, if the responses to some items (within the testlet) will tend to be more

correlated than responses to other items (between testlets). This excess covariation is

due to the local dependence introduced by the common text.

Results in appendix B show that there seems to exist within passage dependency in

addition to the items dependency of literacy domains. The seven blocks of items were

analysed separately, thus giving three replicates of each block. The relations between

the hypothesised text factors and the items referring to that text have been assumed to

be equal, while relations to the literacy factors are unrestricted. The patterns of

variation give support for the assumed text factors. The text factors are, for many text

passages, highly significant consistently over the replicated blocks. A significant t-

value should be interpreted as a covariation between the items related to a text, which

is in excess to the covariation explained by the items' relation to the general

dimension and to the Num and Doc dimensions.

A variance decomposition was also performed. E.g. was the explained variation

highest in the context specific dimension for the items related to the text named Le

Miserable, followed in order by a factor related to a general dimension (here denoted

Lit) and the two other postulated dimensions (Doc and Num). This pattern was not

consistent over texts. For some texts the proportion explained variation was higher in

Lit than for the context dimension. Still the exhibited patterns gives support for the

existence of contextual effects.

Passage level analysis of the complete Swedish data set

Performed in this paper is thus a data analysis of structural equation models using the

35 passage scores from the 7 different blocks available as manifest variables. The data
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has been analysed on the assumption that there exists a common dimension for all

passages(Lit). The Num-dimension was related to all passages including at least one

item classified as measuring numerical abilities, and the Doc-dimension was related to

passages including at least one item measuring the abilities of interpreting texts of

documentary types.

Every addition of a latent variables to the model may be tested for significance by

taking its x2 value, subtracting it from the previously fitted models x2 value. This x2

difference should be large in comparison to the difference in degrees of freedom

between the models. In order to obtain the standard x2 goodness-of-fit test for this

kind of models for incomplete data it is necessary first to estimate the so called

"saturated" model, or the "Hl-model" (Muthen, Kaplan, & Hollis, 1987). This is a

model which fits all variances and covariances for a set of manifest variables. The

obtained x2 value and its degrees of freedom for this Hl-model has been subtracted

from the obtained test values in order to obtain the x2 statistic and its degrees of

freedom in the following analysis

The results in Table 4 show that a model with Lit as a general factor and Num and Doc

as specific factors fit data rather well. The value of the chi-square statistic is

significantly reduced as the Num and Doc factors are introduced into the model.

Table 4. Test values for all subjects

Model X2 d.f.

Lit 2609.6 560

Lit+Num 2288.0 540

Lit+Num+Doc 2027.0 520

BEST COPY AVAILABLE
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Gender differences

The data was also analysed to see if it was possible to detect any gender differences.

The gender variable was used to divide the data set into two groups, with the

following distribution across gender:

Table 5. Number of subjects in the 7 booklets, divided by gender.

Book number of females number of males

1 299 274

2 176 180

3 207 218

4 248 200

5 258 271

6 169 205

7 187 146

A multi-group analysis was then used to perform analysis on the data. Models were

estimated with parameters restricted to be equal across gender groups, as well as

models with parameters free of such restrictions. Models with restrictions on

parameters between genders are denoted by including the factor name within

parentheses and factors without restrictions without parentheses.

The best fitting model in Table 6 is the one that has common parameter estimates for

males and females in the Lit dimension, but unconstrained parameter estimates

between the genders in the Num dimension. The result also shows that the effect of the

Doc dimension is no longer significant. This could be interpreted as evidence for a

gender specific mean difference in the Doc dimension. The previously significant

factor estimate for this dimension could then be explained as an aggregation effect,

and not a real factor effect. One plausible explanation to this gender specific mean

difference is given by Rosen (1995). She found that in the lEA data, the gender

difference in a Doc factor was mainly due to context specific contributions.

13
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Table 6. Test values for multigroup analysis for gender.

Model x2 d.f.

(Lit) 3828.1 1225

Lit 3765.6 1191

(Lit)+ (Num) 3506.8 1204

(Lit)+Num 3455.2 1186

(Lit)+Num+(Doc) 3452.3 1185

(Lit)+Num+Doc Non-convergence

The existence of block effects

To examine for the existence of possible block effects each booklet was analysed

separately. For every booklet a model were fitted, including the Lit factor as a general

dimension and a block factor accounting for a block of "passage" items. The

parameter estimates within a block were restricted to be equal. The notations for this

latter kind of block estimates are (Blockn), where Blockn represents all passages

within the nth block. The parentheses indicate that all parameter estimates within

Blockn are restricted to be equal. These block factors were introduced one at a time in

the model, and the procedure was repeated for each block within a booklet one at a

time. Significant block effects were detected. These significant block effects could

possibly be interpreted as speededness factors. The existence of a speededness

dimension indicates to what extent the items late in the test were adequately

responded or not. The predominant position for significant block effects was for the

last administered block for each booklet. Six significant block effects were located at

the end of each booklet. The remaining significant block effects were three for blocks

in position 1 and three in position 2. Thus there seems to be some limited support for

the existence of a speededness factor.

The final model

In the full model, where data from all booklets are combined in a common missing

data model, existing block effects for block factors (and speededness factors) are

EST COPY AVAILABLE 14
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aliased to some extent, since data with strong block effects are weighted together with

data from blocks with smaller or no block effects. Still, the full model with block

effects included, obtain a significantly better fit.

With estimates for the Lit dimension restricted to be equal across gender, and allowing

for block effects, the results in Table 7 were obtained:

Table 7. Tests for block effects

Model x2 d.f.

(Lit) 3828.1 1225

+(Block1)+ 3807.5 1224

+(Block2)+ 3806.3 1223

+(Block3)+ 3725.9 1222

+(Block4)+ 3708.9 1221

+(Block5)+ 3700.6 1220

+(Block6)+ 3700.5 1219

+(Block7) 3666.9 1218

Every addition of a block factor may be tested by taking it's x2 value subtracted from

the x2 value from the previous model as well as the degrees of freedom. Block factors

were found significant for all blocks except block 2 and 6. Tests were also made to

find possible significant differences in block affects between gender. The results in

Table 8 show that significant gender differences were detected only for Block3.

Table 8. Tests for block effects within gender.

Model x2 d.f.

+Blockl+ 3666.9 1217

+Block3+ 3638.7 1216

+Block4+ 3638.2 1215

+Block5+ 3637.8 1214

+Block7+ 3637.7 1213
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The best fitting model for the Swedish IALS was a model with a general Lit factor

constrained across gender, block factors and a Num factor. Separate parameters were

fitted for gender in Block3 and Num only. According to our previously used notation,

the model could be written as:

(Lit)+ (Block1)+Block3+ (Block4)+ (Block5)+ (Block7) +Num

The x2 test value for this model was 3,200 with 1,179 degrees of freedom. Parameter

estimates for this model are found in appendix A. Only males obtained significant

parameter estimates in the exhibited patterns in the Num dimension. They are mainly

positive, 13 positive of totally 20 estimates, and only 4 with a negative sign of the

factor coefficient. This pattern of differentiation in the Num dimension, i.e. that males

but not females vary in their numeracy skills, could possibly be explained by

differences in occupational training, i.e. the degree of exposition to numerical job

content may vary more for males than for females. Gender specific content in the test

instrument, e.g. the content is more appealing to or more easily solved by some

subgroups in the population, is another possible explanation.

Conclusions

The passage score analysis used in this report is motivated by the fact that there is a

local dependency between the items in every passage of items. This occurs e.g. when

the correctness of the response to a previously answered item affect the probability of

correct answer for the following items within a passage. The final nested-factor model

fitted on the passage scores obtained a reasonably good fit. The general dimension

measured by the Lit factor does explain most of the variability in the data, though

there also seems to exist a numerical dimension. The general dimension does not

differ across gender, but the numerical dimensions exhibit different patterns for males

and for females. Mean differences between gender were found.
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Discussion

The present analysis support the hypotheses of several latent dimensions besides the

originally three postulated dimensions. The existence of block factors, probably

related to speededness, is not surprising. The administered test instrument is

composed of many items, despite the matrix data collection design. It could be

assumed that many of the test takers are relatively unfamiliar with the sort of tasks

given in the test. The variability of characteristics measuring the ability to quickly

solve different posed problems is probably large in the population. The assumption of

local independence for the items in the test seems to be false. The results indicate that

there are discernible passage effects. This does not need to be a serious problem

concerning the reliability of the test, since the number of items could always be

increased. More serious is how these observed within passage dependencies affects

estimation results from e.g. IRT-based analyses. It is not possible to draw firm

conclusions concerning how serious this violation is, in the presented analysis. There

is an obvious need of further work to illuminate this problem.

The possibility to build complex statistical models to data collected with structural

missing data, as in matrix data collection designs, give the researcher new possibilities

to analyse data. The theoretical framework used in extending structural missing data

models to structural equation modelling is not new, but lack of good implementations

in software made fitting of models of some degree of complexity prohibiting. This

obstacle is now removed. But still there is a need for theoretical as well as software

development within this area. The large array of the standard test statistics and

diagnostic tools are not easily available when modelling incomplete data. Thus the

goodness-of-fit test is more difficult to compute when modelling incomplete data,

than when data is complete, and the descriptive fit statistics and the modification

indices can usually not be obtained when incomplete data models are used.
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Appendices

Appendix A

Standardised estimates: Bold characters denote significance parameter estimates at 5% level t-test.

Block (Blon) estimates are not tested by t-tests, instead see previous x2 tests. Parameter estimates are

standardised within-group estimates (see Joreskog & Sorbom, 1989, pp. 38-40).

Male B1P1 = +0.70*Lit +0.15*Blol +0.69*B1Pl&

Female B1P1 = +0.70*Lit +0.15*Blol +0.69*B1Pl&

Male B1P2 = +0.74*Lit +0.14*Blol -0.22*Num +0.62*B1P2&'

Female B1P2 = +0.74*Lit +0.14*Blol -0.04*Num +0.63*B1P2&

Male B1P3 = +0.71*Lit +0.15*Blol +0.12*Num +0.68*B1P3&

Female B1P3 = +0.66*Lit +0.14*Blol -0.39*Num +0.63*B1P3&

Male B1P4 = +0.69*Lit +0.15*Blol +0.71*B1P4&

Female B1P4 = +0.69*Lit +0.15*Blol +0.71*B1P4&

Male B1P5 = +0.77*Lit +0.15*Blol +0.24*Num +0.57*B1P5&

Female B1P5 = +0.79*Lit +0.16*Blol +0.05*Num +0.59*B1P5&

Male B2P1 = +0.76*Lit +0.65*B2Pl&

Female B2P1 = +0.76*Lit +0.65*B2Pl&

Male B2P2 = +0.59*Lit +0.04*Num +0.81*B2P2&

Female B2P2 = +0.59*Lit -0.19*Num +0.80*B2P2&

Male B2P3 = +0.56*Lit +0.83*B2P3&

Female B2P3 = +0.56*Lit +0.83*B2P3&

Male B2P4 = +0.76*Lit +0.10*Num +0.64*B2P4&

Female B2P4 = +0.76*Lit -0.07*Num +0.64*B2P4&

Male B2P5 = +0.78*Lit +0.62*B2P5&

Female B2P5 = +0.78*Lit +0.62*B2P5&

Male B3P1 = +0.74*Lit +0.12*B1o3 +0.10*Num +0.65*B3Pl&

Female B3P1 = +0.70*Lit +0.29*B1o3 -0.24*Num +0.62*B3Pl&

Male B3P2 = +0.67*Lit +0.15*B1o3 +0.21*Num +0.70*B3P2&

Female B3P2 = +0.64*Lit +0.38*B1o3 +0.09*Num +0.66*B3P2&

Male B3P3 = +0.76*Lit +0.11*B1o3 -0.10*Num +0.63*B3P3&

Female B3P3 = +0.74*Lit +0.27*B1o3 -0.09*Num +0.61*B3P3&

Male B3P4 = +0.74*Lit +0.12*B1o3 +0.66*B3P4&

Female B3P4 = +0.71*Lit +0.31*B1o3 +0.63*B3P4&

Male B3P5 = +0.76*Lit +0.12*B1o3 +0.64*B3P5&

Female B3P5 = +0.73*Lit +0.30*B1o3 +0.62*B3P5&
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Male B4P1 = +0.76*Lit +0.21*B1o4 +0.23*Num +0.57*B4P1&

Female B4P1 = +0.76*Lit +0.21*B1o4 +0.25*Num +0.57*B4P1&

Male B4P2 = +0.68*Lit +0.16*B1o4 -0.33*Num +0.64*B4P2&

Female B4P2 = +0.67*Lit +0.15*B1o4 -0.37*Num +0.63*B4P2&

Male B4P3 = +0.74*Lit +0.19*B1o4 +0.65*B4P3&

Female B4P3 = +0.74*Lit +0.19*B1o4 +0.65*B4P3&

Male B4P4 = +0.66*Lit +0.20*B1o4 -0.10*Num +0.72*B4P4&

Female B4P4 = +0.66*Lit +0.20*B1o4 -0.13*Num +0.71*B4P4&

Male B4P5 = +0.75*Lit +0.10*B1o4 +0.22*Num +0.62*B4P5&

Female B4P5 = +0.74*Lit +0.10*B1o4 +0.25*Num +0.61*B4P5&

Male B5P1 = +0.45*Lit +0.39*B1o5 +0.80*B5P1&

Female B5P1 = +0.45*Lit +0.39*B1o5 +0.80*B5Pl&

Male B5P2 = +0.70*Lit +0.10*B1o5 -0.19*Num +0.68*B5P2&

Female B5P2 = +0.71*Lit +0.11*B1o5 -0.03*Num +0.69*B5P2&

Male B5P3 = +0.73*Lit +0.12*B1o5 +0.68*B5P3&

Female B5P3 = +0.73*Lit +0.12*B1o5 +0.68*B5P3&

Male B5P4 = +0.64*Lit +0.08*B1o5 +0.20*Num +0.74*B5P4&

Female B5P4 = +0.63*Lit +0.08*B1o5 -0.25*Num +0.73*B5P4&

Male B5P5 = +0.67*Lit +0.11*B1o5 +0.16*Num +0.71*B5P5&

Female B5P5 = +0.63*Lit +0.10*B1o5 -0.39*Num +0.67*B5P5&

Male B6P1 = +0.63*Lit +0.15*Num +0.76*B6P1&

Female B6P1 = +0.63*Lit +0.08*Num +0.77*B6Pl&

Male B6P2 = +0.68*Lit +0.16*Num +0.71*B6P2&

Female B6P2 = +0.69*Lit -0.02*Num +0.72*B6P2&

Male B6P3 = +0.66*Lit +0.76*B6P3&

Female B6P3 = +0.66*Lit +0.76*B6P3&

Male B6P4 = +0.67*Lit +0.21*Num +0.71*B6P4&

Female B6P4 = +0.65*Lit -0.30*Num +0.70*B6P4&

Male B6P5 = +0.60*Lit +0.80*B6P5&

Female B6P5 = +0.60*Lit +0.80*B6P5&

Male B7P1 = +0.64*Lit +0.29*B1o7 +0.21*Num +0.68*B7P1&

Female B7P1 = +0.66*Lit +0.28*B1o7 -0.16*Num +0.69*B7P1&

Male B7P2 = +0.66*Lit +0.20*B1o7 +0.10*Num +0.71*B7P2&

Female B7P2 = +0.66*Lit +0.20*B1o7 -0.18*Num +0.71*B7P2&

Male B7P3 = +0.71*Lit +0.18*B1o7 +0.68*B7P3&

Female B7P3 = +0.71*Lit +0.18*B1o7 +0.68*B7P3&

Male B7P4 = +0.71*Lit +0.17*B1o7 +0.69*B7P4&

Female B7P4 = +0.71*Lit +0.17*B1o7 +0.69*B7P4&

Male B7P5 = +0.72*Lit +0.23*B1o7 +0.65*B7P5&

Female B7P5 = +0.72*Lit +0.22*B1o7 +0.65*B7P5&
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Appendix B

An analysis based on item level data. Models were fitted with one general literacy

factor, two more specific literacy factors (Num and Doc) plus block factors

corresponding to items related to a common text.

Table Bl. t-values for hypotetized text and literacy factors

BOOKLET

1

BOOKLET

2

BOOKLET

3

BOOKLET

4

BOOKLET

5

BOOKLET

6

BOOKLET

7

Block 1

Passage 1 2.24 2.10 3.18

Passage 2 1.68 1.64 6.78

Passage 3 4.98 4.01 5.60

Passage 4 0.10 -1.49 -3.26

Passage 5 1.76 -0.35 -0.09

Num 2.04 2.08 -1.59

Doc 1.72 -3.84 0.27

Block 2

Passage 1 5.02 7.21 6.59

Passage 2 0.84 -0.38 0.06

Passage 3 3.06 0.58 -0.88

Passage 4 0.79 2.33 0.50

Passage 5 8.36 7.65 4.00

Num 0.16 0.32 1.10

Doc -0.04 0.20 0.11

Block 3

Passage 1 3.29 3.99 3.93

Passage 2 3.37 4.56 1.02

Passage 3 3.21 2.17 3.83

Passage 4 -0.44 -0.98 4.81

Passage 5 1.07 1.45 4.87

Num 3.02 1.42 -1.31

Doc -0.41 0.59 -0.43

Block 4

Passage 1 2.90 3.51 2.58

Passage 2 11.37 8.28 6.60

Passage 3 3.62 1.79 3.86

Passage 4 4.50 3.38 1.07

Passage 5 8.31 8.45 10.33

Num 5.78 1.46 2.93

Doc -0.08 4.56 2.28
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Block 5

BOOKLET

1

BOOKLET

2

BOOKLET

3

BOOKLET

4

BOOKLET

5

BOOKLET

6

BOOKLET

7

Passage 1 9.31 7.44 3.34

Passage 2 5.87 7.18 2.89

Passage 3 4.34 3.55 2.11

Passage 4 7.62 11.14 1.10

Passage 5 7.42 7.92 1.45

Num -0.51 2.43 0.87

Doc 1.34 -0.06 -0.60

Block 6

Passage 1 6.66 7.28 4.94

Passage 2 3.69 5.29 3.08

Passage 3 8.25 5.28 0.66

Passage 4 7.90 7.37 -0.13

Passage 5 0.59 -1.40 3.62

Num 0.96 1.56 -4.68

Doc -2.0 -1.53 5.65

Block 7

Passage 1 8.68 3.87 5.16

Passage 2 4.93 0.93 1.32

Passage 3 2.15 -0.33 3.70

Passage 4 4.45 0.56 3.58

Passage 5 5.61 0.89 5.07

Num 0.81 -0.29 0.47

Doc 0.49 -0.33 -1.34
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