	
	



	
	



[bookmark: _AppendixNotByChapter][bookmark: ChapterNumber][bookmark: ChapterTitle]A	Literacy, numeracy and problem solving measures in PIAAC
[bookmark: begin]The 2011–12 Programme for the International Assessment of Adult Competencies (PIAAC) is an international survey coordinated by the Organisation for Economic Co-operation and Development (OECD). It has been conducted in 23 OECD countries — as well as the Russian Federation — using survey instruments that adhere to a common set of technical and quality assurance guidelines (Caldwell and Webster 2013; OECD 2010b). The PIAAC survey complements the Programme for International Student Assessment (PISA), and follows the 2006 Adult and Literacy and Life Skills Survey, and the 1998 International Adult Literacy Survey (IALS). Much of the PIAAC survey methodology draws on these preceding surveys. 
The analysis in this report is based on preliminary Australian PIAAC unit record data that were released by the Australian Bureau of Statistics (ABS) in February 2013. The survey provides information about survey participants across three separate skill domains:
literacy 
numeracy
problem solving in technology-rich environments.
The collection of PIAAC data in Australia is briefly described in box A.1.
An overview of the literacy, numeracy and problem solving measures in PIAAC is in section A.1. Section A.2 outlines the concept of ‘latent proficiency’ that influences the design of PIAAC. Section A.3 describes the multiple imputation approach to the subjectiveness inherent in measuring latent proficiencies and how a set of ‘plausible values’ are produced. The method for using plausible values to estimate population parameters presented in this paper is also presented. 

	Box A.1	Collection of PIAAC data in Australia

	The Programme for the International Assessment of Adult Competencies (PIAAC) survey was conducted in Australia between October 2011 and March 2012, and included Australians living in private dwellings who were aged 15–74 years. People living in very remote areas or discrete Indigenous communities were not included in the survey, and children aged 15–17 years were only included with the consent of a parent or responsible adult.
The PIAAC sample was drawn from the ABS Population Survey Framework, which was built from a list of census collection districts, each of which comprises around 250 private dwellings. The collection districts used are typically the Primary Sampling Units (PSUs) used in sample selection, although in areas with low population density, PSUs are formed by grouping neighbouring collection districts. There are about 30 000 PSUs in the framework.
A multistage sample design was used: the first stage involved the selection of a sample of PSUs; the second involved the selection of ‘blocks’ within the selected PSUs; the third involved the selection of dwellings within the selected blocks; and a fourth stage involved the random selection of a person from a selected dwelling.
The sample included 11 532 households, from which 8600 respondents remained after exclusions due to scope and coverage. Of these, 8446 people completed the survey, with the remainder not completing the survey due to language or literacy difficulties.
Information was collected face-to-face, using computer-assisted interviewing. Household characteristics were collected from a responsible adult within the household and a personal interview with a randomly selected household member was used to collect demographic and other background information. The survey participant then completed the main survey instrument delivered by computer, paper or a combination of these. 

	Source: ABS (2013c).

	

	


A.1	Proficiency measures in PIAAC
The PIAAC survey was designed to measure population-wide proficiency levels in the domains of adult literacy, numeracy and technology-related problem solving.[footnoteRef:1] [1:  	PIAAC focuses on broad, functional concepts of literacy and numeracy. In terms of literacy, this relates to an individual’s ability to understand and use written texts to participate in society, achieve goals and develop their knowledge and potential (OECD 2012b). This is in contrast to narrower concepts of child literacy, used in assessments like the National Assessment Program for Literacy and Numeracy (NAPLAN), which focus on foundation literacy skills.] 

Prior to PIAAC, the IALS from 1994–98 and the Adult Literacy and Life Skills Survey (ALLS) conducted from 2003–06 provided broad profiles of adult skills in developed countries including Australia.[footnoteRef:2] The PIAAC survey extends the skills framework in the previous surveys by focusing on literacy, numeracy and problem solving skills that are considered relevant to the digital age (OECD 2012b). A description of each of the three domains, as applied in PIAAC, is presented in box A.2. [2:  	The International Adult Literacy Survey was also referred to as the Survey of Aspects Literacy in Australia (Caldwell and Webster 2013).] 


	Box A.2	Skill domains in PIAAC

	The Programme for the International Assessment of Adult Competencies seeks to measure population proficiency levels across the domains of literacy, numeracy and problem solving in technology-related environments. 
Literacy is the ability to understand and use information from written texts in a variety of contexts to achieve goals, develop knowledge and fulfil potential. This is critical for developing higher-order skills and for positive economic and social outcomes. Previous studies have shown reading literacy to be closely linked to positive outcomes at work, social participation and lifelong learning.
Numeracy is the ability to use, apply, interpret, and communicate mathematical information and ideas. It is an essential skill in an age when individuals encounter an increasing amount and wide range of quantitative and mathematical information in their daily lives. Numeracy is a skill parallel to reading literacy; it is important to assess how these competencies interact, since there are some differences in how they are distributed across the population.
Problem solving in technology-rich environments is defined as the ability to use digital technology, communication tools and networks to acquire and evaluate information, communicate with others and perform practical tasks. There is a focus on the ability to solve problems for personal, work and civic purposes by setting up appropriate goals and plans, and accessing and making use of information through computers and computer networks. In this survey, higher-order skills are identified along with basic proficiency.

	Source: OECD (2012b).

	

	


Proficiency scores for each skill domain are derived on a scale ranging from 0 to 500 points. The process by which these scores are derived is briefly described in section A.2. To aid interpretation for users of the data, the scores are grouped into five skill levels for the literacy and numeracy domains, and three levels for problem solving in technology-rich environments. Level one or below indicates the lowest skill level. Skill levels represent particular sets of abilities and the thresholds are not equidistant (ABS 2013c). Tasks associated with different skill levels are outlined in tables A.1, A.2 and A.3.
Table A.1	Description of skill levels in literacy PIAAC data
	Skill level
	Description of task difficulty

	Below level 1
(0 to < 176 points)
	Tasks at this level require the respondent to read brief texts to locate a single piece of specific information.
There is seldom any competing information in the text and the requested information is identical in form to information in the question.
Only basic vocabulary knowledge is required, and the reader is not required to understand the structure of sentences or paragraphs.
Tasks do not make use of any features specific to digital texts.

	Level 1
(176 to < 226 points)
	Tasks at this level require the respondent to read relatively short digital or print texts to locate a single piece of information that is synonymous with the information given in the question. 
Some tasks require personal information to be entered onto a document.
Little, if any, competing information is present.
Some tasks require simple cycling through multiple pieces of information.
Knowledge and skill in recognising basic vocabulary, evaluating the meaning of sentences, and reading of paragraph text is expected.

	Level 2
(226 to < 276 points)
	Tasks at this level require respondents to make matches between the text (which may be digital or printed) and information, and may require paraphrasing or low-level inferences.
Some competing pieces of information may be present and may require the respondent to:
· cycle through or integrate two or more pieces of information
· compare and contrast or reason about information requested in the question, or
· navigate within digital texts to access-and-identify information from various parts of a document.

	Level 3
(276 to < 326 points)
	Texts at this level are often dense or lengthy, including continuous, 
non-continuous, mixed, or multiple pages.
Understanding text and rhetorical structures become more central to successfully completing tasks, especially in navigation of complex digital texts.
Tasks require the respondent to identify, interpret, or evaluate one or more pieces of information, and often require inferences of different levels.
Many tasks require the construction of meaning across larger chunks of text or multi‑step operations to be performed to identify and formulate responses.
Often tasks require that the respondent disregard irrelevant or inappropriate text content to answer accurately. Competing information is often present, but it is not more prominent than the correct information.
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Table A.1	(continued)
	Skill level
	Description of task difficulty

	Level 4
(326 to < 376 points)
	Tasks at this level often require respondents to perform multiple‑step operations to integrate, interpret, or synthesize information from complex or lengthy continuous, non‑continuous, mixed, or multiple type texts.
Complex inferences and application of background knowledge may be needed to perform successfully.
Many tasks require identifying and understanding one or more specific, non‑central ideas in the text in order to interpret or evaluate subtle evidence‑claim or persuasive discourse relationships.
Conditional information is frequently present in tasks at this level and must be taken into consideration by the respondent.
Competing information is present and as prominent as correct information.

	Level 5
(376 to 500 points)
	At this level, tasks may require the respondent to search for and integrate information across multiple, dense texts; construct syntheses of similar and contrasting ideas or points of view; or evaluate evidence-based arguments.
Application and evaluation of logical and conceptual models of ideas may be required.
Evaluating reliability of sources and selecting key information is frequently a key requirement.
Tasks often require respondents to be aware of subtle, rhetorical cues and to make high‑level inferences or use specialised background knowledge.


Source: OECD (2013a).

Table A.2	Description of numeracy skill levels in PIAAC data
	Skill level
	Description of task difficulty

	Below level 1
(0 to < 176 points)
	Tasks at this level require the respondent to carry out simple processes, such as counting, sorting and basic arithmetic operations with whole numbers or money, or recognising common spatial representations in concrete, familiar contexts where the mathematical content is explicit with little or no text or distractors.

	Level 1
(0 to < 226 points)
	Tasks at this level require the respondent to carry out basic mathematical processes in common, concrete contexts where the mathematical content is explicit with little text and minimal distractors. 
Tasks usually require one-step or simple processes such as: counting; sorting; performing basic arithmetic operations; understanding simple percentages; locating and identifying elements of simple graphical or spatial representations.

	Level 2
(226 to < 276 points)
	Tasks in this level require the respondent to identify and act upon mathematical information and ideas embedded in a range of common contexts, where the mathematical content is fairly explicit or visual with relatively few distractors. 
Tasks tend to require the application of two or more steps or processes such as: calculation with whole numbers and common decimals, percentages and fractions; simple measurement and spatial representation; estimation; interpretation of relatively simple data and statistics in texts, tables and graphs.

	Level 3
(276 to < 326 points)
	Tasks in this level require the respondent to understand mathematical information which may be less explicit, embedded in contexts that are not always familiar and represented in more complex ways.
Tasks require several steps and may involve the choice of problem solving strategies and relevant processes. 
Tasks tend to require the application of number sense and spatial sense; recognising and working with mathematical relationships, patterns, and proportions expressed in verbal or numerical form; interpretation and basic analysis of data and statistics in texts, tables and graphs.

	Level 4
(326 to < 376 points)
	Tasks in this level require the respondent to understand a broad range of mathematical information that may be complex, abstract or embedded in unfamiliar contexts.
These tasks involve undertaking multiple steps and choosing relevant problem solving strategies and processes. 
Tasks tend to require analysis and more complex reasoning regarding: quantities and data; statistics and chance; spatial relationships; change, proportions and formulas. 
Tasks in this level may also require comprehending arguments or communicating well‑reasoned explanations for answers or choices.

	Level 5
(376 to 500 points)
	Tasks in this level require the respondent to understand complex representations and abstract and formal mathematical and statistical ideas, possibly embedded in complex texts. 
Respondents may have to integrate multiple types of mathematical information where considerable translation or interpretation is required; draw inferences; develop or work with mathematical arguments or models; justify, evaluate and critically reflect upon solutions or choices.


Source: ABS (2013c).
Table A.3	Description of skill levels for problem solving in a technology‑rich environment in PIAAC data
	Skill level
	Description of task difficulty

	Below level 1
(0 to < 241 points)
	Tasks are based on well‑defined problems involving the use of only one function within a generic interface to meet one explicit criterion without any categorical or inferential reasoning, or transforming of information.
Few steps are required and no sub‑goal has to be generated.

	Level 1
(241 to < 291 points)
	At this level, tasks typically require the use of widely available and familiar technology applications, such as email software or web browser, with little or no navigation required to access the information or commands required to solve the problem. 
Problems may be solved regardless of the respondent’s awareness and use of specific tools and functions.
Tasks involves few steps and a minimal number of operators.
At a cognitive level, the respondent can readily infer the goal from the task statement; problem resolution requires one to apply explicit criteria; and there are few monitoring demands (for example, the respondent does not have to check whether they have used the adequate procedure or made progress toward the solution). 
Identifying contents and operators can be done through simple match; only simple forms of reasoning, such as assigning items to categories, are required. There is no need to contrast or integrate information.

	Level 2
(291 to less than 341 points)
	At this level, tasks typically require the use of both generic and more specific technology applications. For instance, the person may have to make use of a novel online form.
Some navigation across pages and applications is required to solve the problem. 
The use of tools (such as a sort function) can facilitate the resolution of the problem, and the task may involve multiple steps and operators. 
In terms of cognitive processing, the problem goal may have to be defined by the person, though the criteria to be met are explicit. There are higher monitoring demands. 
Some unexpected outcomes or impasses may appear. The task may require evaluating the relevance of a set of items to discard distractors. Some integration and inferential reasoning may be needed.

	Level 3
(341 to 500 points)
	At this level, tasks typically require the use of both generic and more specific technology applications. 
Some navigation across pages and applications is required to solve the problem. 
The use of tools (such as a sort function) is required to make progress toward the solution, and the task may involve multiple steps and operators. 
In terms of cognitive processing, the problem goal may have to be defined by the person, and the criteria to be met may or may not be explicit. There are typically high monitoring demands. 
Unexpected outcomes and impasses are likely to occur. The task may require evaluating the relevance and reliability of information in order to discard distractors. Integration and inferential reasoning may be needed to a large extent.


Source: ABS (2013c).
A.2	Measuring latent proficiencies
Numeracy and literacy are estimated as ‘latent proficiencies’ — unobservable variables that describe the probability that a test respondent will respond in a particular way to a specific test item (Caldwell and Webster 2013; Foy, Galia and Li 2007). Literacy, numeracy and problem solving test items are designed to provide an indication of this latent proficiency. Proficiency scores derived from these test items are used as the basis for assigning skill levels described in section A.1.
‘Item response theory’ (IRT) is used to model the relationship between test responses and an individual’s latent proficiencies in the different skill domains (Caldwell and Webster 2013). As latent proficiency models are designed to measure underlying abilities, they are regarded as independent of the test situation from which they are generated. If this is the case, they can be used flexibly — different test items, under different situations can be administered to measure the same latent proficiency, and different questions can be posed to distinguish between individuals of different levels of proficiency. 
Conceptualising skills as reflecting underlying proficiencies is in contrast with classical test models, which equate skill levels directly with test performance. Under a classical approach, a valid comparison of performance can involve only people who have undertaken the same test under the same conditions.
The measurement of latent proficiencies allows the comparison of proficiency levels among different population groups, using different questions or tasks. IRT is then used to derive a score from the response pattern to the various test questions (ABS 2013c). IRT involves the presumption that a correct response to a survey item is related to the proficiency of the respondent and the difficulty of the test item itself. The underlying proficiency can then be estimated using an approach similar to factor analysis to produce an item response function (IRF) (box A.3). The IRF forms the basis generating ‘plausible values’ for each skill domain (section A.3).
	[bookmark: OLE_LINK1]Box A.3	The basics of Item Response Theory

	Item response theory (IRT) refers to a group of psychometric latent trait models that seek to measure the underlying proficiency (usually denoted by ) that drives a test performance, rather than measuring performance in an ability test. There are three basic components of IRT.
First, the item response function (IRF) relates the latent trait to the probability of a correct response to a particular test item, given the proficiency of the individual, and the parameters of the question. The IRF is typically defined by a number of parameters drawn from a calibration process prior to the conduct of the survey. These parameters include:
‘discrimination’ — the steepness of the IRF. Items with a steep IRF are better at discriminating between respondents around the location (and vice‑versa). In the figure below, example 1 has greater discrimination than example 2
‘location’ — the amount of the latent trait required to correctly answer an item. Different items have different locations to identify different levels of proficiency. Below, example 3 shows a location equal to 4, in contrast to examples 1 and 2, which have a location equal to 3
Variations on a four‑parameter item response function for a dichotomous itema
	









a Functions are variations on the 4‑parameter item response function:, where  is the response to item j, and equals 1 if correct and 0 if not;  represents the latent ability;  the steepness of the IRF;  the location;  the lower asymptote and  the upper asymptote. All functions shown have a lower asymptote of 0.05, and an upper asymptote of 0.95.
(Continued next page)

	Box A.3 (continued)
‘lower asymptote’ — which indicates the probability of respondents with a low level of ability ‘guessing’ a correct answer
‘upper asymptote’ — which indicates the probability of an incorrect response by those with a high level of ability.
The IRFs are additive, so that items can be combined to create an ‘overall test response function’ that relates the number of items completed, and their difficulty, to the latent trait.
IRT models assume that proficiency scores do not depend on which test items are administered. The invariance of latent proficiencies allows analysts to link different items that measure the same trait, and compare results across respondents, even if they respond to different items in the test. This allows for considerable flexibility in the design of survey instruments. This flexibility means that different survey instruments can be used to measure the same underlying abilities in different countries, cultures and languages.

	Sources: Ainsworth (Nd); Mislevy, Johnson and Muraki (1992).

	

	


Survey design
The survey exploits the IRT approach of measuring proficiencies on the basis of a collection of test items, rather than a whole test. Respondents may be assigned different paths through the survey, with different respondents facing tasks to assess proficiency in different skill domains.
Each respondent was initially given a background questionnaire to obtain general information on education and training, employment, income and their use of skills in the domains of literacy, numeracy, and information and communication technologies. Following the background questionnaire, respondents undertook a series of core tasks to assess literacy, numeracy and computer skills. The tasks varied in difficulty and were based around activities that adults typically undertake in daily life, such as following written instructions, interpreting graphs, measuring with a ruler, searching on the internet or navigating websites.[footnoteRef:3] Depending on their responses to these core tasks, respondents faced different pathways through the main tasks to assess skills in literacy, numeracy and problem solving in a technology-rich environment (figure A.1). [3:  	Examples of tasks involved in the literacy components of the self-enumerated exercise can be found on the OECD website: http://www.oecd.org/site/piaac/Literacy%20Sample%20Items.pdf.] 

Figure A.1	Pathways through the PIAAC survey
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a Problem solving in a technology-rich environment.
Sources: ABS (2013c), OECD (2010).
Respondents without experience with computers or who failed a first set of ‘core tasks’ on basic computer skills were given paper-based literacy and numeracy tasks. The paper-based group were given a second set of core tasks, which consisted of a ten‑minute assessment of literacy and numeracy skills. Those who did not pass the literacy and numeracy core tasks were given a test measuring basic reading skills. Those at or above a minimum standard were then randomly assigned to a 30 minute literacy or numeracy assessment, followed by a 20 minute reading assessment. 
Respondents who passed both core stages were then randomly assigned to a computer‑based assessment path through the main study. About 70 per cent of all respondents followed one of these paths. Each path involved the completion of two modules, and was expected to take around 50 minutes in total. Of those who completed the computer‑based assessment:
50 per cent received both literacy and numeracy tasks
33 per cent received problem solving tasks, combined with either a literacy or a numeracy module
17 per cent received only problem solving tasks.
The literacy and numeracy modules were each comprised of two stages (table A.4):
Stage 1 involved a respondent being assigned one of three testlets, each comprising two ‘blocks’ of tasks. Each respondent completed a total of nine out of a possible 18 tasks for this stage. 
Stage 2 involved a respondent being assigned to one of four testlets, each comprising either two or three ‘blocks’ of tasks. Each respondent completed a total of eleven out of a possible 31 tasks.
Depending on their responses to tasks in the preceding core stages, respondents were allocated to different ‘testlets’ that contained tasks of different levels of difficulty. The average level of task difficulty also differed between testlets. The two problem solving modules each contained 7 tasks, with each respondent required to complete all 14 problem solving tasks.
Table A.4	Literacy and numeracy module structure
	Stage 1: 18 possible unique tasks — 9 tasks per testlet, each respondent takes one testlet

	Block
	A1
	B1
	C1
	D1
	
	
	

	Testlet 1‑1
	4 tasks
	5 tasks
	
	
	
	
	

	Testlet 1‑2
	
	5 tasks
	4 tasks
	
	
	
	

	Testlet 1‑3
	
	
	4 tasks
	5 tasks
	
	
	

	Stage 2: 31 possible unique tasks — 11 tasks per testlet, each respondent takes one testlet

	Block
	A2
	B2
	C2
	D2
	E2
	F2
	G2

	Testlet 2‑1
	6 tasks
	5 tasks
	
	
	
	
	

	Testlet 2‑2
	
	5 tasks
	3 tasks
	3 tasks
	
	
	

	Testlet 3‑3
	
	
	
	3 tasks
	3 tasks
	5 tasks
	

	Testlet 4‑4
	
	
	
	
	
	5 tasks
	6 tasks


Source: OECD (2010).
A.3	Multiple imputation and plausible values
As survey respondents did not complete tasks in all three skill domains, proficiency scores are not available for all domains and individuals. To address this, ‘multiple imputation’ was used.[footnoteRef:4] Multiple imputation is designed to resolve the problem of missing values in datasets; it involves randomly drawing several ‘plausible’ values from a probability distribution for the missing data. [4:  	Proficiency scores for problem solving in a technology-rich environment were not imputed for respondents who undertook the paper-based survey, as they either had no computer experience, did not agree to do the test on a computer, or did not pass the computer-based core stage 1 (ABS 2013c). ] 

The use of a ‘split questionnaire’ that does not provide all of the desired information about each individual in the survey is a deliberate choice by survey designers. This choice is made for two reasons.
First, multiple imputation is consistent with the probabilistic nature of IRT‑based testing. Even if data were not missing, multiple imputation should be used to give an indication of the spread of individuals’ proficiency scores, given their test response patterns.
Second, the use of split questionnaires can reduce the burden placed on survey respondents (ABS 2013c). Nationally representative surveys on topics such as literacy and numeracy require complex survey instruments to derive the information required — a process that involves a considerable burden on the respondent. This has the potential to affect response rates, thereby decreasing the precision of estimates. Multiple imputation approaches are a possible way of collecting information from split questionnaires, while limiting the burden on respondents (Thomas et al. 2006). 
Plausible values 
As proficiency scores for literacy and numeracy are estimated rather than measured, they are by definition imprecise. The lack of precision means that the scores are more appropriately viewed as being drawn from a probability distribution rather than as point estimates. The probability of people being assigned to a certain skill level relies on the questions that they are asked and their background characteristics.
An individual’s proficiency distribution can be estimated subject to a range of background characteristics; it is then referred to as the ‘posterior distribution’. 
The use of a distribution to represent latent proficiencies makes analysing the relationship between these proficiencies and other variables of interest difficult. The probabilistic nature of the latent proficiency measure is incorporated into the analysis by using plausible values, randomly drawn from the posterior distribution, as explanatory variables in the regression analyses presented in this paper. (This is also true of other studies using the PIAAC data).
PIAAC data include ten plausible values for literacy and ten plausible values for numeracy. Taken together, the plausible values represent a distribution of proficiency scores that reflects the uncertainty inherent in the proficiency measures. 
Taken individually, single plausible values for two respondents with identical background characteristics and responses to a test are likely to differ. The extent to which they differ is affected by the extent of the uncertainty in the latent proficiency measure. As the number of imputations increases, the mean of the plausible values for two respondents with identical background characteristics and test responses converge. For this reason, plausible values cannot be used to estimate an individual’s proficiency. They are suitable only for estimating proficiency at the population level.
Wu (2005) pointed out that the population distribution of proficiency scores will be smoother when using plausible values, as opposed to single point estimates.[footnoteRef:5] For example, if students have the same test score and the same posterior distribution, they will have slightly different plausible values. The distribution of proficiencies will be continuous, and provide a better representation of the underlying continuous distribution of proficiency in the population, than one point estimate (which is the same for both students) would. [5:  	Wu (2005) conducted a series of simulations comparing mean and variance estimates using plausible values and other methods of estimation, showing that the plausible values estimates are both unbiased and efficient. ] 

Number of imputations
There is considerable discussion about the number of imputations required, but there is little in terms of formal recommendations. Rubin (1987) concluded that five imputations should be sufficient to obtain a valid inference, whereas Kenward and Carpenter (2007) cautioned that some analyses that involve large amounts of missing data may require 50 or more imputations. In order to reduce sampling variability, and because of increases in computational capacity, both StataCorp (2009) and Sterne et al. (2009) recommended using at least 20 imputations. PIAAC data provides 10 plausible values. This is considered sufficient, given the random nature of the missing values and the level of data missing.
Analysis with PIAAC plausible values
As the literacy and numeracy skills data in PIAAC consist of plausible values, it is important to account for this when analysing the data. This involves two broad steps:
Estimation of the desired parameter (for example, a population estimate or regression coefficient) is performed separately using each plausible value. This means that regression analysis using the plausible values in PIAAC requires performing ten separate regressions. 
The results of the estimation using the ten plausible values are then pooled into a single result, using Rubin’s rules for multiple imputation inference (Rubin 1987, 1996).
The use of plausible values to estimate population parameters requires that variability attributable to the imputation of values, as well as sampling variability are taken into account when estimating parameters.[footnoteRef:6] [6:  	Variance attributable to the process of imputation is indicated by the variance of the plausible values:
							
	where  represents a plausible value for a latent skill,  is the mean estimate of the plausible values , k represents each imputed dataset, and K is the total number of imputed datasets.
	Total variance is then calculated as the sum of imputation and sampling variance (ABS 2007). ] 

Regression analyses using plausible values as dependent variables and background variables as independent variables produces unbiased coefficients if the posterior distribution accounts for those background variables (Mislevy, Johnson and Muraki 1992; Wu 2005). If the regressors are not included in the model that produced the plausible values, then the regression coefficients are likely to understate the true association. Importantly, the PIAAC notes produced by the ABS do not specify which background variables were used to produce the plausible values.
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