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Introduction

In this paper, we demonstrate the use of the Program for International Assessment of Adult Competencies (PIAAC) 
direct measures of skills that are available in the Longitudinal and International Study of Adults (LISA) data. 

The PIAAC direct measures of skills are available in the LISA data because the two surveys had coordinated 
collection. The PIAAC direct measures of skills are reflected in a set of 10 plausible values (PVs) for each of the 
three domains measured by PIAAC: literacy, numeracy, and problem solving in technology-rich environments 
(PSTRE). 

The first part of this study describes and demonstrates the use of the PVs to obtain group-level estimates 
and estimates of the standard error. The second part of this study compares the LISA estimates to the PIAAC 
estimates to assess differences—as only a subset of the PIAAC respondents are included in LISA.
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Part I: PIAAC direct measures of skills in LISA 

The PIAAC test aimed to cover a large volume of content in a limited time. As a result, not all respondents were 
asked all test questions in the direct assessment. “The test design for PIAAC was based on a variant of matrix 
sampling (using different sets of items, multistage adaptive testing, and different assessment modes) where each 
respondent was administered a subset of items from the total item pool.” (Organisation for Economic Co-operation 
and Development [OECD], 2013b, p. 408)

The responses to the subset of test items are combined with other background information (provided by the 
respondent) and model parameters to produce a set of 10 plausible values (PVs). These PVs can be used to 
produce group-level estimations of proficiency values in literacy, numeracy, and PSTRE.

Wu and Adams (2002) describe plausible values in a simple way as follows:

The simplest way to describe plausible values is to say that plausible values are a representation of the 
range of abilities that a student might reasonably have. (...). Instead of directly estimating a student’s  
ability θ,..., a range of possible values for a student’s θ, with an associated probability for each of these 
values is estimated. Plausible values are random draws from this (estimated) distribution for a student’s θ.

A single set of plausible values can be used during exploration of the data; however, to get the best estimate of 
the statistic and properly capture the variability in the proficiency values, all 10 sets of plausible values should be 
used—following the instructions provided in the OECD documentation.

OECD (2013b, Chapter 18.3) provides the following steps to calculate any estimate T of the proficiency values θ 
using PVs and to calculate an estimate of the variance of T:

1. Using the first vector of plausible values for each respondent, evaluate T as if the plausible values were the 
true values of θ. Denote the result T1.

2. In the same manner as in step 1 above, evaluate the sampling variance of T, or Var(T1), with respect to 
respondents’ first vectors of plausible values. Denote the result Var1.

3. Carry out steps 1 and 2 for the second through all 10 vectors of plausible values, thus obtaining Tu and Varu 
for u=2, . . .,10.

4. The best estimate of T obtainable from the plausible values is the average of the 10 values obtained from 
the different sets of plausible values:

5. An estimate of the variance of T is the sum of two components: an estimate of Var(Tu) obtained as in step 4 
and the variance among the Tus:

The first component in Var(T.) reflects uncertainty due to sampling from the population; the second 
component reflects uncertainty because the respondents’ proficiencies θ are only indirectly observed...  
(p. 457)

Literacy skills in LISA

Following the above steps from OECD (2013b), the estimated average of the literacy proficiency values is shown  
below. Notice that the statistic calculated using only 1 plausible value is a close approximation of the best estimate 
using all 10 plausible values; however, the variance of the estimate is underestimated with only 1 plausible value 
because the variability corresponding to the uncertainly of the respondents’ proficiency is not reflected. 
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Step 1 to 3: Calculating the statistic for each of the 10 plausible value sets, and calculate the variance estimate 
for each statistic using the bootstrap weights. Table 1 shows the results. Annex A contains the SAS code used to 
obtain the values in this table.

Table 1
Mean literacy score for 10 plausible value sets
Plausible value set i Ti Variance of Ti

1 272.2 0.40
2 271.3 0.38
3 271.9 0.38
4 271.7 0.41
5 272.0 0.41
6 271.9 0.39
7 272.0 0.38
8 272.2 0.37
9 271.7 0.38
10 272.0 0.39

Source: Author’s calculations based on Longitudinal and International Study of Adults data.

Step 4: Calculate the best estimate:

Step 5: Calculate the estimate of the variance of T.:

Numeracy skills in LISA

Numeracy skills are calculated in a similar way as literacy skills. The estimate for the average numeracy proficiency 
value is shown below.

Step 1 to 3: Calculating the statistic for each of the 10 plausible value sets. Table 2 shows the results.

Table 2
Mean numeracy score for 10 plausible value sets
Plausible value set i Ti Variance of Ti

1 264.0 0.48
2 262.8 0.48
3 263.2 0.49
4 263.3 0.49
5 263.6 0.48
6 263.3 0.49
7 263.7 0.45
8 262.9 0.46
9 263.6 0.47
10 263.4 0.48

Source: Author’s calculations based on Longitudinal and International Study of Adults data.

Table 1 Mean literacy score for 10 plausible value sets

Table 2 Mean numeracy score for 10 plausible value sets
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Step 4: Calculate the best estimate:

Step 5: Calculate the estimate of the variance of T.:

PSTRE skills in LISA

PSTRE proficiency values require additional consideration than that given to literacy and numeracy proficiency 
values because a group of respondents did not do the PSTRE assessment. The PSTRE assessment was not done 
if the person had insufficient computer skills, or the person opted to do a paper-and-pencil-based assessment, or 
the person did not do the computer assessment for literacy-related reasons. As a result, there are missing values 
for PSTRE proficiency values that are not addressed through imputation or weighting—as their characteristics are 
different from those that did complete the assessment.

Statistics Canada (2013, p. 19) recommends two approaches to conveying the volume of missing values:

1. Displaying the proportion of the population with a proficiency value when reporting any statistics calculated 
on the PSTRE values.

2. Displaying the proportion with missing values when reporting on the full distribution of the population by 
proficiency levels.

The example below shows the calculation of the proportion of the population in the different proficiency levels1  
of PSTRE.

Step 1 to 3: Calculating the statistics for each of the 10 plausible value sets. Table 3 shows the results.

Table 3
Proportion of population by PSTRE levels for 10 plausible value sets

Plausible value set i Ti, below level 1

Variance of Ti, 

 below level 1 Ti, level 1

Variance of Ti, 

 level 1 Ti, level 2

Variance of Ti, 

 level 2 Ti, level 3

Variance of Ti, 

 level 3

1  0.157  0.000026  0.308  0.000043  0.288  0.000037  0.064  0.000012 
2  0.155  0.000024  0.309  0.000041  0.283  0.000034  0.071  0.000013 
3  0.162  0.000025  0.296  0.000036  0.289  0.000036  0.070  0.000012 
4  0.159  0.000026  0.303  0.000041  0.289  0.000037  0.066  0.000012 
5  0.156  0.000024  0.309  0.000043  0.279  0.000035  0.073  0.000013 
6  0.155  0.000026  0.307  0.000044  0.287  0.000043  0.068  0.000012 
7  0.157  0.000027  0.300  0.000039  0.295  0.000039  0.065  0.000012 
8  0.158  0.000025  0.303  0.000040  0.284  0.000036  0.072  0.000012 
9  0.159  0.000026  0.300  0.000040  0.295  0.000037  0.064  0.000010 
10  0.163  0.000025  0.299  0.000042  0.285  0.000038  0.070  0.000012 

PSTRE: Problem solving in technology-rich environments
Source: Author’s calculations based on Longitudinal and International Study of Adults data.

1. OECD (2013, Chapter 18) classifies proficiencies values into different levels to provide more descriptive information about group proficiencies. High levels are associated with higher proficiencies.

Table 3 Proportion of population by PSTRE 

levels for 10 plausible value sets
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Step 4: Calculate the best estimate. Table 4 shows the results.

Table 4
Proportion of population by PSTRE levels
PSTRE level Proportion of population
T., below level 1 0.158
T., level 1 0.303
T., level 2 0.288
T., level 3 0.068

PSTRE: Problem solving in technology-rich environments
Source: Author’s calculations based on Longitudinal and International Study of Adults data.

Step 5: Calculate the estimate of the variance of T.. Table 5 shows the results.

Table 5
Variance estimates by PSTRE levels
PSTRE level Variance of T. Standard deviation of T.
T., below level 1 0.000034 0.0058
T., level 1 0.000065 0.0081
T., level 2 0.000064 0.0080
T., level 3 0.000024 0.0049

PSTRE: Problem solving in technology-rich environments
Source: Author’s calculations based on Longitudinal and International Study of Adults data.

Missing PSTRE proficiency values are directly observed—unlike the proficiency values which are indirectly 
observed. Thus, estimates related to the population without PSTRE proficiency can be estimated using only 
one set of plausible values instead of all ten sets—as there is no uncertainty related to the fact that the PSTRE 
proficiency value is not available. The proportion without PSTRE proficiency values is 0.183, and its standard  
error is 0.0054.

Part II: Direct measures of skills in LISA versus PIAAC

LISA included a subsample of PIAAC respondents. The PIAAC sample covered all provinces and territories  
in Canada; it included supplementary samples for youths, official language minorities, immigrants, Métis,  
and Aboriginals in select provinces. The final number of respondents obtained in PIAAC is 27,285.

The subsample of PIAAC selected for LISA was selected using systematic sampling of the PIAAC sample 
excluding the supplementary samples and sampled households in the territories. PIAAC respondents also had 
to complete the questionnaire up to the point where an assessment score could be assigned to be considered 
a PIAAC respondent in LISA (see Box 1 for more details). The final number of PIAAC respondents in LISA with 
PIAAC assessment scores is 8,598. Countries involved in PIAAC were asked to have a minimum of 5,000 cases; 
thus, the LISA subsample is as large as the complete PIAAC sample of many other countries.

The advantage of using LISA over PIAAC is the availability of additional variables and administrative data with 
which proficiency scores can be analyzed. However, LISA’s smaller sample size compared to PIAAC results in 
a higher variability in the estimate; and thus, also less power in statistical tests for significance. Literacy score 
estimates are provided below to give a flavour of the estimates from LISA compared to PIAAC. Numeracy and 
PSTRE estimates can be expected to behave in a similar fashion.

Table 4 Proportion of population by PSTRE 

levels

Table 5 Variance estimates by PSTRE levels
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Table 6 shows the estimates of mean literacy proficiency scores by age group using LISA compared to PIAAC 
data. The standard error is about 20% larger for the LISA estimates compared to the PIAAC estimates.2 
Nevertheless, the LISA literacy mean estimates are reliable and also match the relative rankings observed with  
the PIAAC estimates.

Table 6
Mean literacy score by age, for LISA and PIAAC, for Canada excluding territories

Age group

Literacy
LISA  PIAAC

Average
Standard 

 error
Coefficient of  

variation Average
Standard 

 error
Coefficient of 

 variation
% %

16 to 24 years 273.1 1.9 0.7 275.9 1.3 0.5
25 to 34 years 284.6 1.7 0.6 285.2 1.3 0.4
35 to 44 years 278.5 1.7 0.6 279.7 1.4 0.5
45 to 54 years 265.2 1.7 0.6 268.0 1.3 0.5
55 to 65 years 259.5 1.5 0.6 260.4 1.1 0.4
Total, 16 to 65 years 271.9 0.7 0.3 273.6 0.6 0.2

LISA: Longitudinal and International Study of Adults
PIAAC: Programme for the International Assessment of Adult Competencies
Source: Author’s calculations based on Longitudinal and International Study of Adults data and Programme for the International Assessment of Adult Competencies data.

Table 7 shows the distribution of literacy scores by level of proficiency by age group. As to be expected with a 
smaller sample size in LISA compared to PIAAC, the coefficients of variation of the estimates in LISA are higher 
and in some instances, unreliable. Nevertheless, the estimated proportion of people in most levels is reliable and 
the relative rankings between the levels matches what is observed in PIAAC.

2. Estimates of standard error for PIAAC are based on the delete-one jackknife method; while estimates of standard error for LISA are based on the bootstrap method.

Table 6 Mean literacy score by age, for LISA and PIAAC, for 

Canada excluding territories
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Table 7
Distribution of literacy score by age group and level, for LISA and PIAAC, for Canada excluding territories

Age group Literacy level

LISA PIAAC

Proportion Standard error
Coefficient of 

variation Proportion Standard error
Coefficient of  

variation
%

16 to 24 years Below level 1 3.1E 0.8 26.1 2.6E 0.5 19.0
Level 1 12.3 1.4 11.3 10.7 0.9 8.4
Level 2 33.4 2.1 6.4 32.9 1.7 5.1
Level 3 40.1 2.0 4.9 41.9 1.5 3.6
Level 4 10.7 1.4 13.4 11.4 1.0 8.7
Level 5 F F 52.3 F F 40.6

25 to 34 years Below level 1 2.3E 0.7 30.9 1.9E 0.4 20.5
Level 1 9.6 1.2 12.3 9.2 0.9 9.6
Level 2 27.7 1.8 6.4 28.7 1.7 5.8
Level 3 40.8 2.0 4.9 40.1 2.1 5.1
Level 4 18.2 1.5 8.2 18.3 1.4 7.5
Level 5 F F 38.0 1.7E 0.5 27.1

35 to 44 years Below level 1 3.0E 0.6 20.4 3.3 0.5 15.8
Level 1 11.7 1.3 11.4 11.0 1.0 9.1
Level 2 29.0 1.8 6.1 28.1 1.5 5.2
Level 3 40.6 1.8 4.3 40.9 1.3 3.1
Level 4 14.5 1.3 8.8 15.3 1.1 6.9
Level 5 F F 37.5 1.4E 0.4 28.9

45 to 54 years Below level 1 5.8 0.8 14.4 5.2 0.6 12.1
Level 1 15.5 1.4 9.1 14.6 0.9 6.1
Level 2 33.7 1.9 5.5 33.0 1.3 4.0
Level 3 33.1 1.8 5.5 34.5 1.4 3.9
Level 4 11.1 0.9 8.3 11.8 0.9 7.5
Level 5 F F 42.6 0.8E 0.2 26.2

55 to 65 years Below level 1 5.3 0.6 12.2 5.7 0.6 9.8
Level 1 17.8 1.1 6.2 17.1 0.9 5.4
Level 2 38.0 1.6 4.2 37.0 1.3 3.4
Level 3 31.4 1.5 4.7 32.1 1.1 3.4
Level 4 7.2 0.9 12.4 7.8 0.8 10.6
Level 5 F F 58.7 F F 48.9

Total, 16 to 65 years Below level 1 4.0 0.3 8.1 3.8 0.2 6.3
Level 1 13.5 0.7 5.0 12.6 0.5 3.6
Level 2 32.4 0.8 2.6 32.0 0.7 2.1
Level 3 37.0 0.9 2.4 37.7 0.7 1.8
Level 4 12.3 0.5 4.1 12.9 0.5 3.8
Level 5 0.8E 0.2 18.5 1.0 0.1 14.8

F too unreliable to be published
E use with caution
LISA: Longitudinal and International Study of Adults
PIAAC: Programme for the International Assessment of Adult Competencies
Source: Author’s calculations based on Longitudinal and International Study of Adults data and Programme for the International Assessment of Adult Competencies data.

Table 8 shows results of a simple regression model of literacy scores with age groups. Literacy score is the 
dependent variable, and the independent variables are indicator variables for the age groups (with the age group 
16-24 being the reference group). The regression formula is:

The intercept reflects the mean score for the age group 16-24 and is the same value as observed in Table 6.  
The coefficient estimates are similar in both models. The standard errors of the estimates are higher with LISA 
than with PIAAC; nevertheless, both LISA- and PIAAC-based models are able to show statistical differences 
between the age groups.

Table 7 Distribution of literacy score by age group and level, 

for LISA and PIAAC, for Canada excluding territories
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Table 8
Regression results of literacy on age groups, for LISA and PIAAC, for Canada excluding territories

LISA PIAAC

Estimate Variance
Standard 

 error t p-value Estimate Variance
Standard 

 error t p-value
a: Intercept 273.1 3.7 1.9 142.2 <.0001 275.9 1.6 1.3 216.5 <.0001
b1: Age(25 to 34 years) 11.5 6.7 2.6 4.4 <.0001 9.4 3.3 1.8 5.1 <.0001
b2: Age(35 to 44 years) 5.4 7.0 2.7 2.0 0.0439 3.8 3.8 1.9 2.0 0.0514
b3: Age(45 to 54 years) -8.0 7.2 2.7 -3.0 0.0030 -7.9 2.8 1.7 -4.7 <.0001
b4: Age(55 to 65 years) -13.6 6.1 2.5 -5.5 <.0001 -15.5 2.7 1.7 -9.4 <.0001

LISA: Longitudinal and International Study of Adults
PIAAC: Programme for the International Assessment of Adult Competencies
Source: Author’s calculations based on Longitudinal and International Study of Adults data and Programme for the International Assessment of Adult Competencies data.

Box 1: Treatment of literacy-related non-response in LISA

Literacy-related non-response in the PIAAC subsample selected for LISA is treated differently than in the 
full PIAAC sample. OECD (2013a, p. 69) explains literacy-related non-response as a result of adults being 
“unable to complete the background questionnaire as they were unable to speak or read the language of  
the assessment, had difficulty reading or writing, or had a learning or mental disability”.

Literacy-related non-response records do not have assessment scores and have minimal background 
information. The group is also likely to have low levels of proficiency. As a result, PIAAC does not adjust 
for literacy-related non-response through weight adjustments as it does for other types of non-response. 
Instead, these records are kept on the dataset with non-zero weights and with missing values for the 
variables. This allows data users to measure the size of the literacy-related non-response and make 
adjustments as they see fit.

LISA, on the other hand, treats literacy-related non-response in the same manner as other forms of non-
response—that is, through weight adjustments. As a result, literacy-related non-respondents in the PIAAC 
subsample selected for LISA has zero-value PIAAC weights—as weights of other PIAAC respondents are 
adjusted to account for the non-response.

The different treatment of literacy-related non-response in LISA was based on the following considerations:

1. Only 0.9% of the PIAAC weighted population in the 10 provinces were literacy-related non-
respondents; thus, limiting the differences resulting from different treatment of literacy-related  
non-response.

2. Most literacy-related non-respondents were also non-respondents to the LISA questions. Assuming 
data users would always be using LISA variables in conjunction with assessment scores (otherwise, 
the full PIAAC dataset would be a better data source), missing values in the LISA variables limit a  
data user’s ability to make literacy-related non-response adjustments.

3. Most data users would exclude the literacy-related non-response records from their analysis if  
they were in the dataset. This effectively treats the non-response as completely missing at random. 
Addressing the literacy-related non-response through weight adjustments results in comparatively 
less biased estimates as the relation to the weighting and calibration variables are taken into account.

The impact of different treatments of literacy-related non-response on literacy and numeracy mean  
scores is demonstrated in OECD (2013a, p. 69). It indicates that complete exclusion of literacy-related  
non-respondents produces an upper bound of estimated proficiency scores for literacy and numeracy,  
while an assumed score of 85 points presents a reasonable lower bound. Using these two approaches,  
OECD (2013a) estimates, for Canada, the two treatments of literacy-related non-responses has a difference 
of 1.7 for the mean literacy score and 1.6 for the mean numeracy score.

Table 8 Regression results of literacy on age groups, for 

LISA and PIAAC, for Canada excluding territories
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Conclusion

This paper demonstrates the use of direct measures of literacy, numeracy, and PSTRE in LISA and provides a 
flavour of how it compares to estimates produced from the PIAAC dataset. We conclude that:

1. Data exploration can be based on a single set of plausible values (with variance estimations using bootstrap 
weights). This will produce reliable point estimates, but will underestimate the standard error as the 
variability resulting from indirectly observing the proficiency scores is not included.

2. The best and final estimates should be based on all ten sets of plausible values, following the directions in 
OECD (2013b).

3. Analysis of proficiency scores using LISA should also make use of variables available in LISA but not in 
PIAAC; otherwise, the PIAAC dataset should be used instead, as the larger sample size allows for more 
precise estimates.

4. LISA estimates of proficiency scores cannot be directly compared to published estimates from PIAAC  
due to different treatment of literacy-related non-response and different geographical coverage. However, 
reliable estimates can be produced from LISA; and, the relative rankings of proficiency estimates for 
subgroups and the conclusions that are drawn from them should be similar to what would be concluded 
from the full PIAAC dataset.
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Annex A: Example of SAS Code used to obtain plausible values
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