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Abstract 

This thesis aims to investigate fair use of test scores for admission to higher 
education. In this thesis, fairness is narrowed down to an instrumental definition 
relating to a fair interpretation of test scores. The focus is on the use of the 
Swedish Scholastic Aptitude Test (SweSAT) for admission decisions. The main 
questions targeted are whether the scores generated from an adaptation with 
extended time for test takers with dyslexia are fair and whether the SweSAT-
scores may disadvantage students with an immigrant background. 

The thesis is based on validity theory and an established argument-based validity 
concept is used to link the results to crucial aspects of fairness. This thesis adds 
explicit fairness-related issues in some detail to this already established 
framework used for validity research related to the SweSAT. This approach 
involves some propositions about fairness, each of which can be investigated 
empirically which, to some extent, has been conducted in separate studies in this 
thesis.  

The individual studies contain a variety of results. In the first study, sub-scores of 
the SweSAT was found to have differential values for certain groups of test takers. 
This could cause unfairness if the sub-scores are used for admission decisions, 
but it also indicates that the internal structure of the test is inconsistent across 
groups. In the second article, the SweSAT was found to be speeded, meaning that 
the time limit is affecting the test score, and that test takers with dyslexia 
generally benefit from being given extra time to complete the test. It could not be 
ruled out that the extra time causes a beneficial experience of lower speededness 
compared to the rest of the test population, who take the test with no extra time. 
In the third article, we discover, to our surprise, that immigrant groups generally 
perform worse than expected in higher education when the expectations are 
based on their SweSAT and upper secondary school grades. In other words, the 
instruments used does not create an unintentional obstacle for immigrants in 
general since the ability of these groups to complete higher education is 
overestimated when grades and SweSAT-Scores are used for selection. However, 
in the final article, test items that may cause an unfair disadvantage for immigrant 
students was identified.  

In summary, the results contribute to expanding and, to some extent, 
strengthening the validity of using the SweSAT for admission. However, certain 
fairness issues have been noted. 
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Populärvetenskaplig sammanfattning 

Den här avhandlingen behandlar frågor om rättvisa urval till högre utbildning. I 
korthet rättfärdigas urval till högre utbildning genom att alla studenter som 
uppfyller kraven på behörighet inte kan ges plats på den utbildning som var och 
en önskar. Frågan om urval i sig är rättvist är emellertid inte det huvudsakliga 
föremålet för närmare granskning. Istället är studieobjektet urvalsinstrumenten 
som används och då främst högskoleprovet. 

I avhandlingen argumenterar jag för att urvalets giltighet (eller validitet) är 
avhängt urvalets rättvisa. Rättvisa som begrepp har jag kommit att smalna av till 
att handla om rättvisa prov. Rättvisa prov definieras på ett instrumentellt sätt 
som avsaknad av irrelevanta faktorer som påverkar resultatskillnader mellan 
grupper. En sådan smal och instrumentell definition har många brister, men till 
dess förtjänster hör att den är falsifierbar och gör det möjligt att med statistiska 
metoder undersöka frågor som åtminstone tangerar den allmänna uppfattningen 
av rättvisa. 

Mer specifikt har jag ställt mig frågan om den anpassning med förlängd skrivtid 
som erbjuds dyslektiker är rättvis. Jag har även undersökt om högskoleprovet 
eventuellt missgynnar studenter med invandrarbakgrund. Anledningen till att jag 
tittade närmare på dyslektikernas anpassningar är att den gruppen vuxit mycket 
snabbt och att det förts diskussioner om att erbjuda förlängd skrivtid (och andra 
anpassningar) till fler grupper av studenter med olika funktionsnedsättningar 
samtidigt som den nuvarande anpassningen hittills varit outforskad. 
Antagningen för studenter med invandrarbakgrund är också ett relativt okänt 
område. Vi vet sedan tidigare att denna grupp generellt presterar sämre än 
infödda svenskar med svenska föräldrar, både i gymnasiet och i högre utbildning, 
samt på högskoleprovet. Högskoleprovet har emelertid en relativt stor verbal 
komponent där skicklighet i svenska har en avgörande roll, samtidigt som både 
gymnasieskolan och högre utbildning till viss del kanske kan kompensera för 
vissa språkliga brister. Det var i alla fall den centrala idén bakom en av studiernas 
fokus på att en potentiellt irrelevant språklig komponent i högskoleprovet skulle 
kunna vara orättvis gentemot studenter med invandrarbakgrund (och andra med 
språksvårigheter). 

Avhandlingen är en så kallad sammanläggningsavhandling där separata artiklar 
bidrar med specifika resultat som kan knytas till mer generella slutsatser. Den 
övergripande ramen för avhandlingen är en uppsättning påståenden om rättvisa 
som vart och ett kan undersökas empiriskt, vilket till viss del görs i respektive 
artikel. Den teoretiska ramen bygger på tidigare forskning om högskoleprovet och 
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med denna avhandling knyts även frågor om rättvisa på ett detaljerat och explicit 
sätt till tidigare forskning. 

Bland de konkreta resultaten från avhandlingen kan några särskilt nämnas. I den 
första artikeln visas att högskoleprovets olika delar inte fungerar likadant för 
olika grupper. Detta kan orsaka orättvisa i det fall delprovsresultaten används 
direkt för urvalsbeslut, men visar också att provets sammansättning inte är 
samstämmig i relation till olika grupper. I den andra artikeln konstateras att 
högskoleprovet är tidspressat och att dyslektiker generellt är betjänta av att få 
extra tid vid genomförandet. Samtidigt kan resultaten inte tolkas så att de 
utesluter att den extra tiden som dyslektiker erbjuds leder till att de upplever en 
annan (mindre) tidspress jämfört med alla andra som skriver provet utan extra 
tid. I den tredje artikeln upptäcker vi till vår förvåning att invandrargruppen 
generellt presterar sämre än förväntat i högre utbildning när man utgår från 
deras högskoleprovsresultat och betyg. Med andra ord överskattas denna grupps 
förmåga att klara högre studier när betyg och högskoleprov används för urval. I 
den fjärde artikeln hittar jag några uppgifter i den kvantitativa delen av 
högskoleprovet som verkar vara verbalt laddade och därför missgynnar studenter 
med invandrarbakgrund. Jag ser också att elever med svensk bakgrund 
underpresterar på en viss typ av algebrauppgifter. 

Sammanfattningsvis bidrar resultaten till att utöka och till viss del stärka 
validiteten för att använda högskoleprovet som ett urvalsinstrument, men där 
vissa brister har noterats och fortsatta studier rekommenderas. Detta gäller inte 
minst möjligheten att erbjuda annan typ av anpassning eller minska tidspressen 
för alla, men också att fortsatt studera invandrargrupper på mer detaljerad nivå 
för att komma tillrätta med orsakerna till urvalets överskattning av denna grupp. 
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Studies 

This doctoral thesis is a compilation of the following studies. The studies are 
referred to in the text by the enumeration. 

Study I. Hjärne M.S., & Lyrén P.-E. (2020) Group Differences in the Value 
  of Sub-scores: A Fairness Issue. Frontiers in Education. 5:55.  

Study II. Hjärne, M.S. (2020). Just enough time to level the playing field: 
  Time adaptation in a college admission test. Scandinavian 
  Journal of Educational Research, 1-15. 

Study III. Hjärne, M.S., & Wikström, C. (2020). Predictive validity in 
  selection to higher education: Potential barriers for students 
  with immigrant backgrounds. Manuscript submitted for 
  publication. 

Study IV. Hjärne, M.S. (2020). Differential item functioning and item bias 
  related to immigrant background in the Swedish scholastic 
  aptitude test. Manuscript submitted for publication. 

Author contributions 

Studies I and III are co-authored. I was in charge of drafting most of the 
manuscript except the section on previous research in Study I. I also performed 
the data analysis and interpretations of the results. PEL presented the initial idea 
and design, which we developed further together. PEL also helped with the 
discussion and provided valuable revisions to the manuscript. In Study III, I was 
in charge of drafting the manuscript, performing all data analyses and 
interpreting the results. CW wrote important parts of the background to the study 
and provided valuable revisions to the discussion of the manuscript.
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1. Introduction 

The focus of this thesis is on fairness concerning the Swedish Scholastic Aptitude 
Test (SweSAT). Two main instruments are used for admission in Sweden, the 
teacher-assessed upper secondary school grades, and the SweSAT, which is a 
standardised college admission test originally introduced to broaden recruitment 
(Lyrén & Wikström, 2020) and provide a second chance for students with 
insufficient upper secondary school grades (Wedman, 2017). 

Distributing study places among applicants to higher education often involves 
some sort of selection instrument that measures aptitude. The idea is that the use 
of an instrument (e.g., a standardised test) offers equal opportunities to students 
with the same proficiency independent of differences in background and 
irrelevant characteristics. This idea rests upon the human right to education 
stipulated in the 26th article of the United Nations Universal Declaration of 
Human Rights (UN General Assembly, 1948). Article 26 states that “(…) higher 
education shall be equally accessible to all on the basis of merit”. Standardised 
tests for selection for higher education were introduced in the US at the beginning 
of the 20th century (Grodsky, Warren, & Felts, 2008) with the intention of 
broadening recruitment and ensuring that the best-suited students would be 
selected. Cronbach (1975) states that “Proponents of testing, from Thomas 
Jefferson onward, have wanted to open doors for the talented poor, in a system 
in which doors often are opened by parental wealth and status.” (p. 1). Ironically, 
it has been claimed that selection instruments such as previous school grades and 
admissions tests work better for students from a traditional study background 
and a strong criticism is that such systems simply reproduce societal structures 
that lead to the unequal distribution of students in higher education (Ford & 
Helms, 2012; Gould & Gold, 1996; Guinier, 2015). 

A confirmed unequal distribution of study places in groups of students highlights 
the need to investigate whether or not the selection is fair for some groups of test 
takers. Such between-group differences in the distribution of study places have 
been identified in the Swedish system (e.g., Reuterberg, 2003), but only a few 
studies have examined the cause of systematic group differences and whether the 
skewed distribution is due to potentially unfair selection. These previous studies 
(e.g., Stage, 2005; Wedman, 2018) mainly include gender and/or socioeconomic 
groups and focus on item bias in the SweSAT. No previous study has investigated 
whether the admission instruments in Sweden are unfair to students with 
immigrant backgrounds or students who are provided test adaptations.  

A lot of research and effort has been directed towards making selection 
instruments valid, reliable, and fair. Reliability and validity have been noted, 
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defined, controlled and developed throughout the 20th century, while issues 
related to fairness were not systematically addressed until the end of the 20th 
century (Worrell, 2016). Modern definitions of fair testing include fair treatment, 
unbiased measures, equal access to tests and valid use of individual test scores 
(American Educational Research Association [AERA], American Psychological 
Association [APA], & National Council on Measurement in Education [NCME], 
2014).  

Fair tests are of great importance to maintaining the justification and legitimacy 
of large-scale, high-stakes testing programmes such as college admission tests 
(Kane, 2013a; Nisbet & Shaw, 2019; Worrell, 2016). This is also emphasised in 
the standards provided by the American Educational Research Association 
[AERA] et al. (2014) and the standards of quality and fairness published by the 
Educational Testing Service (2014). Since the 1970s, there has been a steady 
increase in research on test fairness (Worrell, 2016) and various studies in the US 
have examined important aspects of fairness that are also addressed in this thesis. 
These aspects are, for example, whether test adaptations provided to students 
with specific reading disabilities disrupt test standardisation and cause unfair 
advantages or whether such adaptations are fair accommodations that help test 
takers overcome irrelevant barriers (e.g., L. J. Lewandowski, Lovett, & Rogers, 
2008). Also, item bias (e.g., Mahoney, 2008) and group differences in the ability 
of some admission tests to predict success in higher education (e.g., Zwick & 
Himelfarb, 2011) have been studied. However, the results of important and 
contributing individual studies are rarely made public in a coherent framework 
that can be used to justify the use of the selection instrument in question. This 
thesis addresses these specific issues, as well as the potential group differences in 
the internal structure of the SweSAT related to unfair discrimination against 
applicants for higher education in Sweden. This has been conducted within a 
conceptual validity framework. Applicants for higher education in Sweden are a 
heterogeneous group comprising a wide range of identifiable subgroups. A 
particular focus of the thesis is on the increasingly large groups of students with 
immigrant backgrounds and students provided test adaptations due to dyslexia.  

1.1 Aim 

The overarching aim of this thesis is to examine fairness aspects of using SweSAT 
scores for admission decisions. Fairness (or test fairness) is here defined as the 
absence of irrelevant differences across groups regarding the validity of 
interpretation and use of test scores. The specific research questions are: 1. Is 
extra time a fair adaptation when provided to test takers with dyslexia? 2. Is the 
interpretation and use of the SweSAT score equally valid for native test takers and 
test takers with an immigrant background?   
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1.2 Disposition of the thesis 

The thesis comprises an introductory section and four empirical studies 
presented as research papers. The introductory section provides the context for 
the empirical studies and includes a theoretical framework. In Chapter 2, the 
SweSAT in relation to admission systems in general and the admission to higher 
education in Sweden are briefly described and the purpose of admission is 
presented. This chapter also addresses previous research that has shown existing 
group differences in the outcome of selection conducted in both Sweden and 
internationally. An overview is also provided of previous research that has 
investigated whether admission tests unfairly cause misrepresentation in 
admission to higher education. In Chapter 3 test fairness is framed as validity that 
is independent of group affiliation (group independent validity). This chapter 
discusses the concepts of fairness, test fairness, bias and validity and aims to 
provide a theoretical frame and a technical definition of test fairness. It also 
presents a validity concept for structuring fairness-related claims that justify the 
use of test scores for admission decisions. Main methods and data are presented 
in Chapter 4. Chapter 5 summarises the individual studies, and finally the main 
findings are discussed in chapter 6.  
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1.3 Terminology 

Accommodation/ 
Adaptation 

Test adaptation is when a test is changed in some way, 
often to meet special needs. An adaptation that does not 
change the test construct is an accommodation.  

Bias In this thesis, the term bias refers to an error in a 
measurement, calculation, or interpretation caused by 
unpredictably inaccurate information.  

Dimensionality The number of dimensions defined as a single aspect of an 
item or test score.  

Discrimination Discrimination refers to when individuals are separated 
based on some trait. Discrimination can be unfair if the 
trait that separates the individuals is irrelevant. 

Dyslexia In this thesis, the dyslexia diagnosis follows definitions by 
ICD-10 code f81.0 and f81.3 (World Health Organization, 
1992).  

Immigrants/ 
immigrant 
background 

In this thesis, immigrants refers to the group with an 
immigrant background, meaning that either the individual 
or at least one parent is born in a country other than 
Sweden. 

Overprediction/ 
underprediction 

Overprediction refers to a situation in which a predicted 
value is higher than the observed value. Underprediction 
refers to a situation in which a predicted value is lower 
than the observed value. 

Section/ 
Test part 

The SweSAT is divided into two different sections 
comprising four subtests each. Each section targets a 
specific overarching construct (verbal and quantitative). 
Section is used interchangeably with part of the test or test 
part. 

Special 
populations 

Special populations in this thesis are students with an 
immigrant background and students with dyslexia. 

Sub-score/ 
Section score 

Each subtest has a sub-score that is a part of the total test 
score. Also, each section of the test can be said to have a 
sub-score that sometimes is called the section score. 

Subtest Subtest refers to a pre-defined cluster of test items with the 
same item format targeting the same content domain. The 
SweSAT has a total of eight subtests. 
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2. Admission to higher education 

Key issues related to validity (and fairness) is the interpretability, relevance and 
utility of scores and the value implications of scores as a basis for action (Messick, 
1989). Thus, the proposed use of test scores and the purpose of the testing 
programme is crucial for both the validation of and the argumentation for 
fairness. The American Educational Research Association [AERA] et al. (2014) 
defines validity as the degree to which evidence supports the interpretations of 
test scores for the proposed use. This chapter discusses the proposed use of the 
SweSAT test scores from a somewhat wider perspective and positions this thesis 
in relation to previous research. 

2.1 Reasons for selection 

A merit-based approach like the one implemented in Sweden must be governed 
and continuously evaluated to avoid unintentional outcomes that could threat the 
higher purpose of the system (e.g., a fair distribution of common resources and 
the basic human right to education). This is expressed by Allen (2011) as two of 
four principles for meritocracy originally described by M. D. Young (1961): “(i) 
Meritocracy requires administrative overview and the careful redistribution of 
human ability (…) (iv) a perfected meritocracy is one where inequalities are 
precisely matched to abilities – it is a society where inequalities are justly 
unequal” (Allen, 2011, p. 371). There are many potential threats to fair 
distribution and maintaining equal rights for all. The definition of merit must be 
unflawed and the selection instruments used must be valid for its purposes 
(Sacks, 1997). In the next chapter (on validity), this will be regarded as a well-
defined test construct and a valid interpretation and use of test scores. A systems 
failure to meet the purpose of the selection can be observed through the outcome 
of the selection processes (Ford & Helms, 2012). For example, something might 
be flawed if a certain group of test takers has systematically lower test results that 
lead to under-representation in higher education. 

2.2 The role of the SweSAT 

Admissions in education systems are used to place students into suitable higher 
education institutions (Haj, Geanta, & Orr, 2018). In some systems, admission is 
open, meaning that admission is a right for all eligible candidates. This is the case 
in, for example, many French public higher education institutions. In other 
systems, the admission is selective (Haj et al., 2018). The Swedish admission 
system can be described as being selective, but selection is only used when there 
are more eligible applicants than available study places (Lyrén & Wikström, 
2020). Different approaches can be adopted for selecting applicants, such as 
teacher grades or admission tests (e.g., SAT [US], ACT [US], PET [Israel], 
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Grandes école [France], etc.). Such tests are often standardised large-scale tests 
and the SweSAT is no exception (Wedman, 2017). 

The admission system in Sweden essentially comprises qualification and ranking. 
Grades from upper secondary schools have both a qualifying and a ranking role. 
A student who has passing grades in certain subjects or courses is proven to be 
eligible. The grade ranking follows from that the grades are given on a scale where 
passing is not the highest grade. With grades on such a scale, two individuals, 
both of whom have qualified, can be separated into categories such as prepared 
and more prepared. The Swedish Scholastic Aptitude Test (SweSAT) has a 
ranking role but not a qualifying role. This means that only eligible candidates 
have any use for a SweSAT result and students with non-competitive grades can 
compete to attend higher education with a SweSAT result. This option can be used 
by those students who need a second chance or applicants without a traditional 
upper secondary education (see Lyrén and Wikström (2020) for a comprehensive 
description of the admission system in Sweden). Obviously, the SweSAT has a 
role in the selection system, but the test has no explicitly pronounced purpose. 
However, from the history of the SweSAT described by Wedman (2017), the 
description of admissions systems in general and the Swedish system in 
particular by Gustafsson, Cliffordson, and Erickson (2014), and the description 
of the admission system in Sweden by Lyrén and Wikström (2020),  
I conclude that the SweSAT is justified by its role of providing a second chance 
and broadening recruitment to higher education. In the selection process,  
a minimum of one-third of students is selected using their SweSAT results. 

The SweSAT is a standardised test and takes eight hours to complete over a single 
day, including breaks. The test is administered twice per year (autumn and 
spring). Approximately 40,000–80,000 individuals take the SweSAT on each 
session (more in the spring than in the autumn). There is no limit to the number 
of times an individual can take the test and it is not mandatory to take the test. 
The test is divided into eight subtests in two different parts (quantitative part and 
verbal part). The quantitative part contains four subtests: Mathematics, 
quantitative comparisons, and diagrams, tables and maps, as well as data 
sufficiency. The verbal section also has four different subtests: English reading 
comprehension, reading comprehension (Swedish), vocabulary (Swedish) and 
sentence completion (Swedish). For a full description of the SweSAT, see 
Wedman (2017). 

2.3 Group differences in admission to higher education 

It is an open empirical question whether or not the selection is biased for some 
groups when the admission system or admission tests provide a differentiated 
distribution (Koretz, 2008). In other words, different outcomes across groups 
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may be regarded as fair as long as the selection process provides equal 
opportunities for all. However, an unequal distribution of groups could 
potentially be caused by the use of unfair selection instruments that 
systematically discriminate against certain groups.  

The main theme of this thesis relates to the potentially unfair admission of 
students with an immigrant background and students provided with 
accommodations due to dyslexia. These groups of students are sometimes 
categorised as special populations (e.g., Stone & Cook, 2016). The special 
population groups are identified by the fact that there might be some irrelevant 
barriers in the test – associated with, for example, language proficiency 
(immigrants/ethnicity) or reading disability (Stone & Cook, 2016). Faulkner-
Bond and Sireci (2015) concluded that reading proficiency has a great impact on 
overall test performance (e.g., Parker, Louie, & O'Dwyer, 2009; Pennock-Román, 
2002). Thus, a lack of reading proficiency could create a unintentional obstacle 
for immigrants and students with certain reading impairments such as dyslexia. 

Many studies on the differences in outcome and opportunity have been 
conducted on groups based on race/ethnicity, sex and socio-economic 
background, while research on special populations has primarily focused on the 
outcomes. The empirical research in this thesis has been inspired by previous 
research focused on special populations mentioned. Thus, in the following 
sections, a summary of what has been previously examined regarding test specific 
fairness (from now on called test fairness) for groups based on race/ethnicity, sex 
and socio-economic background precedes an overview of research on test fairness 
in selection for special populations that mainly focus on the outcome. 

2.3.1 Sex and socio-economic background 
The groups that were compared in previous research can be defined by the group-
related differences in culture, environment, biology, disability and/or language. 
These categories are entangled (Camilli, 2013) and any study of group differences 
should preferably consider what constitutes a relevant subgroup. Research on 
group differences often targets the differences between males and females, 
racial/ethnic groups and social background (For summaries of the wast amount 
of research on these groups in an American context see Gipps & Murphy, 1994; 
Zwick, 2002; Zwick, 2017). Research on group differences regarding the use of 
the SweSAT for admission has mainly focused on sex (e.g., Balke, 2002; Berggren, 
2007, 2013; Erikson & Jonsson, 1993; Kim, 1998) and social class (e.g., Balke, 
2002; Berggren, 2007, 2013; Erikson & Jonsson, 1993). These studies have found 
differentiated SweSAT outcomes between certain groups. The findings from these 
studies have highlighted whether the selection instrument itself (i.e. the SweSAT) 
unfairly discriminates against certain groups of test takers. For example, 
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Reuterberg, Westerlund, and Gustafsson (1992), Gustafsson and Westerlund 
(1994) and Reuterberg (1996) presents results that shows substantial group 
differences in test scores when comparing different socio-economic groups. 
Gustafsson and Benjegård (1996) examined the training effect of taking the 
SweSAT several times and concluded that the option to retake and train for the 
test was utilised by different social groups to varying degrees. Stage (2005) 
investigated socio-economic group differences on an item level and concluded 
that only a very few items function differently for the different social groups. 

Several studies have examined whether the observed gender differences in 
SweSAT scores are fair (for a summary, see Wedman, 2018). Most of these studies 
were conducted on a previous test design, which was administered before autumn 
2011 (e.g., Henriksson, Stage, & Lexelius, 1986; Stage, 1985, 1988, 2005; Wester, 
1994; Wester & Ögren, 1994). Also, Wedman (2018) studied gender-related score 
differences in the current version of the SweSAT. All the studies investigated 
whether item-specific statistical parameters (i.e., difficulty and/or 
discrimination) and format or content could explain the observed test score 
differences. Bränberg, Henriksson, Nyquist, and Wedman (1990) investigated 
the group differences in test scores based on the gender, age and education level 
of the test takers. They found that both education level and age positively related 
to the test scores. They also found that the mean test score for men was higher 
when differences in education and age were controlled for. However, only a few 
studies have investigated the use of SweSAT for admission to higher education 
for students with an immigrant background, and no previous studies on the 
SweSAT have included students who were provided with test adaptations such as 
extra time due to dyslexia. 

2.3.2 Differential outcomes for special populations 
Berggren (2013) found that students with an immigrant background are generally 
less likely to complete upper secondary school and higher education and 
concluded that “Higher education qualifications do not level out the differences” 
(p. 142). Reuterberg and Hansen (2001) and Reuterberg (2003) presented results 
that show clear differences between immigrant groups and native test takers in 
the SweSAT results. Wikström and Wikström (2014) confirmed these findings. 
The results from these studies show that, on average, immigrants have lower 
SweSAT scores than native Swedish test takers. All immigrant groups had lower 
test results than the group born in Sweden who had Swedish-born parents. The 
differences were greatest in the verbal part of the test (Wikström & Wikström, 
2014)  

The US experience is in line with the findings in Sweden. In the US context, 
linguistic minorities are often entangled with ethnicity (e.g., Camilli, 2013; Zwick 
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& Schlemer, 2004) and the evidence consistently shows that minority students 
(ethnicity/linguistic) perform worse in standardised admission tests (e.g., A. 
Bennett et al., 2004; College Board, 2019). This differential outcome for 
ethnic/linguistic minorities has caused an ongoing debate on “closing the 
achievement gap” (e.g., Ellwood & Kane, 2000; Soares, 2011) and some critics are 
suggesting that admission tests are biased and that using test results for 
admission decisions is unfair (e.g., Ford & Helms, 2012).  

Research on the outcomes of standardised admission testing of individuals with 
a reading disorder (e.g., dyslexia) address questions related to the effects of test 
adaptations. For example, R. E. Bennett, Rock, and Kaplan (1985) reported 
significant differences in SAT outcomes between groups with learning disabilities 
and the total population. They suggested that such differences may indicate that 
time limits affect students with learning difficulties to a greater extent. Since then, 
much of the research on test accommodations focuses on whether test 
adaptations remove group differences in results by letting all test takers perform 
at their “maximum potential”. Some early research from Centra (1986) showed 
that extended time given to disabled individuals resulted in improved results in 
all parts of the admission test (the American SAT). In the subsequent 30 years, 
many studies have focused on whether extra time is a fair adaptation for 
standardised tests (e.g., Elliott & Marquart, 2004; L. Lewandowski, Cohen, & 
Lovett, 2013; L. J. Lewandowski et al., 2008; Mandinach, Bridgeman, Cahalan‐
Laitusis, & Trapani, 2005). The assumption in these studies is that if the test time 
is regarded as being an irrelevant factor, then extra time would benefit te with 
and without reading disorders differently – creating a differential boost in test 
results (Cawthon, Ho, Patel, Potvin, & Trundt, 2009; Zuriff, 2000). Sireci, 
Scarpati, and Li (2005) concluded that existing research is inconsistent in this 
matter and there are wide differences in the settings of the tests in existing 
studies. Many important factors show the differences across the studies (e.g., test 
content, stakes of the test, amount of extended time, length and duration of test, 
age of test takers, disability status of test takers). However, most studies suggest 
that time adaptations provide a differential boost, meaning that extra time is 
more beneficial for students with a learning disorder (for summaries of studies 
see Elliott & Marquart, 2004; Sireci et al., 2005).  

2.3.3 Identifying test results that are unfair due to bias 
The average differences across groups are sometimes an indication of potential 
unfair test results and test score use. However, as Camilli (2013) put it: “Test 
fairness does not imply equal outcomes across individuals or groups. The purpose 
of a fairness investigation is to sort out whether the reasons for group differences 
are due to factors beyond the scope of the test (…)” (p 108). A more detailed 
discussion of this definition of test fairness is presented in Chapter 3. However, a 
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first step towards identifying evidence of (un)fair test results is to establish 
comparability across (groups of) examinees. Two well-established statistical 
approaches for examining such comparability of admission test results are 
differential item functioning (DIF) and the prediction of an external criterion 
measure (Camilli, 2013). Both approaches use a criterion to control the outcome 
of scores. The first approach is based on analysis of the group differences in the 
properties of the test items typically using the total test scores as a criterion. The 
second approach uses the test score relation to an external criterion (e.g., 
prediction of success in higher education).  

2.3.3.1 Evidence of unfairness for special populations due to item bias  
DIF is identified in an item when the probability of correctly answering the item 
differs between comparable individuals in different groups of examinees 
(American Educational Research Association [AERA] et al., 2014). If the DIF can 
be explained by something that is not part of the test construct, the item is 
regarded as biased (Hauger & Sireci, 2008). Such explanations require expert 
judgment. Thus, DIF is required but is not sufficient on its own as evidence of 
item bias (Zumbo, 1999).  

Several prominent resources for testing professionals such as the Standards for 
Psychological and Educational Testing (American Educational Research 
Association [AERA], American Psychological Association [APA], & National 
Council on Measurement in Education [NCME], 1999; American Educational 
Research Association [AERA] et al., 2014) and the fourth edition of Educational 
Measurement (Brennan, 2006) cite DIF analyses and methodologies as being 
critical for assessing test fairness and the validity of test scores. As DIF is a well-
established test fairness concept, it has been the subject of several studies, a few 
of which have focused on special populations. DIF can potentially have numerous 
causes, including linguistic and cultural/content knowledge (Santelices & Wilson, 
2010). Allalouf, Hambleton, and Sireci (1999) investigated DIF potentially caused 
by translated test adaptations of the Israeli Psychometric Entrance Test in 
Hebrew (and translated into Russian). They found that the main reasons for DIF 
were changes in word difficulty resulting from translation, changes in item 
format, differences in cultural relevance and changes in content. Da Costa and 
Araújo (2012), Uiterwijk and Vallen (2003) and Uiterwijk and Vallen (2005) 
examined immigration-related DIF. Uiterwijk and Vallen (2003) identified DIF 
on up to 14% of test items in the CITO Primary Education Final Test for Second 
Generation Immigrant Students in the Netherlands when comparing native 
students’ item responses to the responses of students from a Turkish and/or 
Moroccan background. The researcher proposed that the DIF that was found 
could be explained by some unintended multidimensionality in the test items 
related to “(…) context material, in the question, in the answer options, or the 
(sub-) skill measured. The more complex the context material, the more difficult 
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it is to be accurate about the content-related DIF source.” (Uiterwijk & Vallen, 
2003, p. 141). Uiterwijk and Vallen (2005) proposed that DIF is caused by some 
linguistic and cultural sources of item bias when the proficiency of immigrant 
students is tested.  

Only a few studies have investigated item bias for special populations in general 
and, regarding admission tests the research is limited. No previous research has 
examined potential item bias for special populations taking the SweSAT. 
However, a number of studies have examined gender-related DIF (Stage, 1985, 
1988; Wedman, 2018; Wester, 1994, 1997). One conclusion from previous studies 
is that DIF in the SweSAT can be explained by gender related content domains 
(Stage, 1988; Wedman, 2018), particularly in the verbal part of the test. Wedman 
(2018) also concluded that previous research on gender-related DIF in the 
SweSAT has been linked to mathematical operations in the quantitative part and 
that DIF in the verbal items decreased as the amount of context increased. These 
findings could be related to test-specific content, administration and item format 
and could therefore potentially also provide clues about where to look for the 
causes of immigration-related DIF in this specific admission test. 

In the American context, the DIF methodologies most often used to study the SAT 
are descriptive and do not provide much information on causes and potential 
item bias (Santelices & Wilson, 2010). However, some studies connect DIF based 
on race/ethnicity to some explanatory variables. Freedle (2003) found that the 
difficulty of items in the SAT was related to DIF – more difficult items favoured 
African American students and easier items favoured the majority group (white 
students). This was explained by the cultural familiarity of the majority group 
with the easier items only and by the linguistic ambiguity of these items. Items 
that deal with human relationships have also been shown to favour African 
American students in the SAT (Freedle & Kostin, 1991; Schmitt & Bleistein, 1987). 
The item format has also been shown to be related to the differential function of 
items. Analogy items generally favour white examinees and particularly disfavour 
African Americans when the analogy item contains science content (see 
Santelices and Wilson (2010) for a comprehensive review of the relationship 
between explanatory variables and DIF in the SAT). 

2.3.3.2 Evidence of unfairness for special populations due to differential 
prediction 
Predictive validity addresses the question whether a score predicts the score of 
some later measure (Cronbach & Meehl, 1955). A significant differential 
prediction of academic success for an admission instrument would raise 
questions of systematic test bias in the selection process (or in the external, 
predicted measure). In the Standards for Educational and Psychological Testing, 
the American Educational Research Association [AERA] et al. (2014) states that: 
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“(…) the term predictive bias may be used when evidence is found that differences 
exist in the patterns of associations between test scores and other variables for 
different groups.” (pp. 51).  

Numerous studies have examined differential prediction for admission tests. 
Research in this area is focused on the overprediction and underprediction of a 
group’s performance when estimating academic performance in higher education 
from a function of the selection instrument (J. W. Young, 2001). The differences 
between a group’s observed academic performance and the group’s predicted 
performance are used to determine whether the instrument overpredicts or 
underpredicts the actual mean performance of the group of students. If the 
instrument overpredicts, the group’s actual (observed) performance is lower than 
what was predicted, and vice versa.  

In a report published by the College Board (US), Marini et al. (2019) confirm 
previous findings that SAT scores and grades from upper secondary school 
overpredict success in higher education for minority students (categorised as 
non-white students), male students and students whose parents have a lower 
level of education. In the American context, previous research on the SAT has 
identified a variety of factors that may explainthese findings (Zwick, 2002, 2019). 
The reasons why selection instruments underpredict the success of female 
students have been focused on the potential impact of gender-related academic 
subjects and course taking (Ramist, Lewis, & McCamley‐Jenkins, 1994), as well 
as gender differences in aptitude (J. W. Young, 2004; Zwick, 2002). Previous 
research has also found other (potentially moderating) factors that account for 
the amount of differential prediction. For example, the differences in prediction 
between gender vary in terms of race/ethnicity (Bridgeman, McCamley-Jenkins, 
& Ervin, 2000) and the prediction in terms of race varies with previous high 
school socio-economic status (Zwick & Himelfarb, 2011).  

Most studies on the academic performance prediction of SweSAT scores have 
focused on comparing the SweSAT scores with upper secondary school grades 
(e.g., Cliffordson, 2004a, 2008; Cliffordson & Askling, 2006; Nielsen & Svensson, 
2005; Svensson, Gustafsson, & Reuterberg, 2001). Lyrén (2008) presents an 
overview of prediction studies and concludes that upper secondary school grades 
are generally a better predictor of academic success than SweSAT scores and that 
these findings are heavily dependent on the study programme to which the 
student has been admitted (see also Cliffordson, 2008). Only a few studies have 
focused on predictive bias related to the SweSAT. Svensson et al. (2001) found no 
indications of gender bias. However, Wolming (1999) found that both SweSAT 
scores and upper secondary school grades underpredict the academic 
performance of female students. Svensson (2004) and Nielsen and Svensson 
(2005) found that the difference in academic performance for students admitted 
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with SweSAT scores compared to students admitted with upper secondary grades 
was consistent across gender, social and ethnic groups for civil engineering and 
law students. Lyrén (2008) concluded that “(…) prediction bias based on 
applicants’ backgrounds seems to be limited for both the SweSAT and the GPA.” 
(p. 573). No previous study has specifically focused on a potential predictive bias 
in the selection instruments in Sweden for special populations such as 
immigrants and applicants provided with extra time due to dyslexia. 
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3. Validity and test fairness 

The basis of this thesis is test-related fairness (test fairness). This chapter 
positions the theoretical concept of test fairness within a validity theory 
framework. Boundaries to these concepts are also presented. Important aspects 
of validity are first presented briefly. This is followed by a definition of test 
fairness derived from this concept and an argumentative approach to evaluating 
group-level test fairness is presented. This is then followed by an 
operationalisation of the test fairness concept. 

3.1 Validity 

The extent to which conclusions are warranted by test scores is a question of 
validity (Koretz, 2008) and it is arguably “the most important term in the 
educational and psychological measurement lexicon” (P. E. Newton & J.-A. Baird, 
2016). A threat to SweSAT’s ability to respond to its goal of broader recruitment 
and a second chance is whether the validity of interpretation and use of test 
results differ significantly across the various compared groups of test takers, 
meaning that validity independent of group affiliation is crucial if the testing 
programme is to fulfil its purposes.  

Evidence of validity must include some evidence of the relationship between what 
we intend to measure and what we measure. Some early definitions describe 
validity as a quality of the test itself, for example, that “The problem of validity is 
that of whether a test really measures what it purports to measure (…)” (Kelley, 
1927, p. 14). In the cited text, Kelley argues that validity is poorly defined and he 
also implicitly discusses both the importance of score interpretations and score 
use. However, this conceptualisation of validity is defined as an aspect of the test 
itself and no comprehensive or practical operationalisation of the validity concept 
is presented. A measurable definition of validity was presented some 20 years 
later and Guilford (1946) stated “In a very general sense, a test is valid for 
anything with which it correlates.” (428-429). This definition of validity is one of 
many sorted under a common classification called criterion-related validity 
(Cronbach & Meehl, 1955). According to Lyrén (2009a), most validity studies 
examined the predictive validity of tests during the era of criterion-related 
validity. Besides predictive validity, criterion-related validity can relate to what is 
called concurrent validity. The difference between predictive and concurrent 
validity is when an external criterion is applied to the validation. One apparent 
issue of criterion-related validity is finding a valid criterion with which to 
compare a test. For this reason, we need to make some presumptions about what 
we are measuring or the intended use of the test scores. However, this early 
definition of criterion validity is easy to understand and utilise. It also seems 
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unreasonable to assume that the quantitative relationship between a test score 
and some external criteria would not be relevant in practice.  

Content validity is determined by how well the items in a test represent the 
content that the test is designed to measure. Or as Cronbach and Meehl put it: 
“Content validity is established by showing that the test items are a sample of a 
universe in which the investigator is interested. Content validity is ordinarily to 
be established deductively, by defining a universe of items and sampling 
systematically within this universe to establish the test.” (Cronbach and Meehl, 
1955, p. 282). Lennon (1956) defined content validity as “(…) the extent to which 
a subject’s responses to the items of a test may be considered to be a 
representative sample of his responses to a real or hypothesised universe of 
situations which together constitute the area of concern to the person interpreting 
the test.” (p. 295). From a more contemporary perspective, it could be said that 
content validity is determined by the degree to which test results are affected by 
the content that will form the basis of the actual test. The content that is intended 
to form the basis of the test is often called the test content domain. (e.g. Mehrens, 
1997; Popham, 1997; Shepard, 1997). The content validation process is different 
from criterion validation as it involves subjective judgments and expert 
evaluations of the alignment between the content domain and the test items are 
crucial in the content-validation process  (Messick, 1989).  

When targeting unobservable latent traits, the process requires a thorough and 
detailed theoretical description of the property in question. Such properties can 
never be fully defined in the same way as a content domain. Cronbach and Meehl 
(1955) presented the concept of construct validity and stated that: “In content 
validation, acceptance of the universe of content as defining the variable to be 
measured is essential. Construct validity must be investigated whenever no 
criterion or universe of content is accepted as entirely adequate to define the 
quality to be measured.” (p. 282). Mehrens (1997) followed this reasoning and 
summarised the relationship between content validity and what is called 
construct validity: 

This term [content validity] pertained to the adequacy of the sample as 
representative of a domain. Evidence regarding sample adequacy was 
called content-validity evidence. When the behaviors assessed were 
indirect measures of an attribute, and one wished to infer to an attribute 
not operationally defined, then the term construct validity was used to 
indicate the appropriateness of the inference. This term pertained to the 
adequacy of the behavior as a sign (an indicant) of some hypothetical 
construct. Evidence supporting the appropriateness of the inference was 
called construct-validity evidence. (p. 16) 
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The early work on defining construct validity started using construct validity only 
when there was no other way of validating a test score in the absence of a clear 
domain or valid external criterion. In the 1966 Standards for Educational and 
Psychological Tests and Manuals (American Educational Research Association 
[AERA], American Psychological Association [APA], & National Council on 
Measurement in Education [NCME], 1966), construct validity is described as 
being “(…) relevant when the tester accepts no existing measure as a definitive 
criterion” (p. 13). However, modern definitions of validity presuppose 
argumentation for the use of the assessment from a variety of perspectives (Kane, 
2013a) – and this approach is also used in this thesis. 

It is not entirely self-evident how to define and delimit the concept of validity and 
there is an ongoing academic discussion about what should be included (c.f., 
Borsboom & Markus, 2013; Brennan, 2013; Kane, 2013b; P. Newton & J.-A. 
Baird, 2016; Newton & Shaw, 2014). In addition to theoretical research issues, 
the evolvement of high-stake testing in psychology and education has placed 
greater emphasis on developing and maintaining comprehensive standards and 
guidelines for test development and the validation of test score use (Stobart & 
Eggen, 2012). Newton and Shaw (2014) identified “four broad camps in the 
debate over the scope of validity theory” (p. 176). These different positions 
somewhat overlap and I will not describe them in detail here. However, the 
respective camps all have different opinions regarding what to include or exclude 
in validity, thereby setting the boundaries of what should be considered to be a 
matter of validity. However, the big issue appears to be whether or not to include 
the consequences of test score use in the definition. I defend the position that the 
consequences are inevitably of great importance to validity theory and the 
validation process and, like Shepard (2016) I will simply acknowledge that “(…) 
the consensus definition as represented in the 2014 Standards is the best working 
definition” (p. 278). The main argument for using this definition is that it “(…) 
was arrived at by a consensus process, involving not only an expert committee 
but feedback from the field and multi-organisational review and approval” 
(Shepard, 2016, p. 278). In brief, the definition of validation in the 2014 
Standards “(…) involves accumulating relevant evidence to provide a sound 
scientific basis for the proposed score interpretations. It is the interpretations of 
test scores for proposed uses that are evaluated, not the test itself.” (American 
Educational Research Association [AERA] et al., 2014). A summary of sources of 
validity evidence in the 2014 Standards is presented as statements of validity in 
Table 1. These different sources and statements are also described in greater 
detail in the section describing test fairness propositions and test fairness 
arguments for the SweSAT. 
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Table 1. Summary of sources of validity evidence according to the 2014 Standards 

Source Brief description (validity statement) 

Test content The content of the test must be coherent with the construct 
that the test intends to measure. Experts analyse the test items 
to align the test with the construct. Hence, construct 
representation, construct relevance and scoring are examined. 

Response 
processes 

Some assumptions about the involved cognitive processes 
must be made to deduce an examinee’s competence when only 
observing the behaviour of answering test items. These 
assumptions must be correct. 

Internal 
structure 

The relationships among test components and test items 
should conform to the construct being measured. A test may 
have a single dimension to be measured or may have several 
distinct components. 

Relations to 
other 
variables 

If the test construct implies a relationship to other measures, 
then there should be a relationship between the test score and 
the other measures.  

Evidence of 
validity and 
consequences 
of testing 

The consequences of using test scores for decisions should be 
aligned with the purpose, social values and long-term goals of 
using test scores.  

3.1.1 From construct validity to test bias 
As mentioned, Cronbach and Meehl (1955) introduced the concept of construct 
validity to be used whenever there is no explicit and agreed criterion or universe 
of content to be measured.  

Scholastic aptitude that expectantly predicts academic achievement is an 
example of a construct measured by the SweSAT. This construct comprises two 
separate parts, verbal and quantitative ability (Wedman, 2017), each of which can 
be said to be a sub-construct indicating different aspects of scholastic proficiency. 
The evaluation of a test that measures constructs would benefit from an explicit 
and detailed theoretical description of the construct. Or as Kane (2013a) put it: 

The construct is implicitly defined by the theory, and the construct 
interpretation and the theory are empirically evaluated together. If 
predictions derived from the theory do not agree with observations, then 
either the theory is wrong or the measures for some of the constructs are 
not appropriate (or some ancillary assumption was violated). If the 
predictions are confirmed empirically, both the theory and the 
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interpretation of scores in terms of the theoretical constructs are 
supported. (p. 5) 

Two useful concepts for this thesis are derived from the idea that of test-
constructs are construct-irrelevant variances and construct under-
representation. This implies that the possibility of a test measuring something 
other than what is postulated by its construct, or does not cover the whole 
construct, is a significant threat to valid test score interpretation and use. The 
score variance between the compared groups is fair if it is caused by general group 
differences related to the measured construct. It may be worth noting that group 
independent validity is also present when there is no validity, as long as the 
validity does not differ between the compared groups. Score variance can be 
construct relevant, construct irrelevant or random. Inspired by Zieky (2016), 
sources of variance, test fairness and validity are summarised in Table 2. For 
example, invalid and unfair interpretation and use of test score is due to 
construct-irrelevant variance related to group affiliation and construct-relevant 
variance is both independent of group affiliation (fair) and valid (Table 2). 

Table 2. Relationship between sources of variance, test fairness and validity 

 
Unfair Fair 

Invalid Construct-irrelevant variance 
related to group affiliation 

Random variance 

Valid  Construct-relevant variance 

The observed group differences in the distribution of study places (nationally and 
internationally) and achievement on the SweSAT (see sections 2.3.1 and 2.3.2) 
show a pattern indicating that selection for higher education favours native male 
students from a higher social background (e.g., Balke, 2002; Berggren, 2007, 
2013; Gipps & Murphy, 1994; Reuterberg, 1996, 2003; Reuterberg & Hansen, 
2001; Reuterberg et al., 1992; Zwick, 2002, 2017). This situation can potentially 
be caused by a biased admission system in which admission tests such as the 
SweSAT tend to strengthen existing social structures rather than broaden 
recruitment and offer other opportunities to those who need them most. 
However, it could also be caused by unequal treatment at school and in higher 
education or by group-dependent unobserved personal traits that confound the 
used measures. Differences in outcome, such as group differences on the selection 
instrument or unequal distribution of study places, does not in itself indicate 
biased selection. However, it can “(…) be important in generating new hypotheses 
about bias, fair treatment, and the accessibility of the construct as measured (…)” 
(American Educational Research Association [AERA] et al., 2014, p. 54). 
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To explain group differences, it is necessary to focus on the group-related 
attributes. As concluded in Chapter 2, explanations of gender differences relating 
to admission have focused on biological and environmental factors and most 
research on ethnicity focuses on cultural and language differences (for a 
summary, see Gipps and Murphy (1994, pp. 28-64). The special populations 
studied in this thesis are of interest since we have a clear explanation regarding 
potentially unfair disadvantages and sometimes provide accommodations to help 
test takers overcome such disadvantages. Potential explanations for the different 
groups of test takers are summarised in Table 3. 

Table 3. Summary of commonly studied groups of test takers and relevant factors for explaining group 
differences in test scores. 

 Culture Language Biological Adaptations 
Gender X  X  
Ethnicity X X   
Immigration X X  X 
Social class X    
Disability   X X 

If the observed differences in test or item performance are caused by construct-
irrelevant factors, then the item is biased and could be considered unfair and a 
threat to the validity of the test (Zumbo, 1999). This thesis focus mainly on test 
adaptations, cultural and language factors as explanations for group differences 
in test scores and potential bias. 

3.2 Test fairness  

In the 2014 Standards (American Educational Research Association [AERA] et 
al., 2014),  fairness is described as a term that is generally given several different 
meanings, but should at least include how a test affects the validity of the 
interpretation of results and the consequences of test score use: 

The term fairness has no single technical meaning and is used in many different 
ways in public discourse. It is possible that individuals endorse fairness in testing 
as a desirable social goal, yet reach quite different conclusions about the fairness 
of a given testing program. A full consideration of the topic would explore the 
multi-functions of testing in relation to its many goals, including the broad goal 
of achieving equity of opportunities in our society. It should consider the technical 
properties of tests, the ways in which that affect the validity of score 
interpretations, and consequences of test use. (p. 49) 

The Standards provide no universal definition of fairness in the field of 
educational measurement. In a broad definition, fairness could be regarded as 
equal validity for all. Thus, by this definition, someone making claims about 
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fairness should have a working definition of validity. This proposed definition is 
useful for framing fairness issues in a testing programme or when discussing 
issues of fairness in a broad sense. However, for specific research questions 
regarding group differences, such as the individual studies in this thesis, a more 
technical definition presented by the Educational Testing Service (2014) is often 
used: 

a test is fair if any group differences in performance are derived from 
construct-relevant sources of variance. The existence of group differences 
in performance does not necessarily make a test unfair, because the 
groups may differ on the construct being measured. (Educational Testing 
Service, 2014, p. 19) 

This technical definition is based on construct-irrelevant variance and relates to 
procedural fairness as described by Kane (2010). The definition implies that 
fairness can be regarded as the statement that construct-relevant variance across 
groups is fair and construct-irrelevant variance is unfair. Such a position is 
consistent with construct validity but it does not cover all aspects of construct 
validity (Messick, 1989). Test fairness in this study is defined as the absence of 
irrelevant differences across groups regarding the validity of interpretation and 
use of test scores. 

A brief notion of the obvious fallacy when defining one abstract concept using 
another (i.e., fairness as validity) is that these concepts are dependent on each 
other. The relationship between validity and fairness depends on how these two 
concepts are defined and more generally on how comprehensively each of the 
theories is conceptualised. With a narrower definition of choice (e.g. Popham, 
1997) and a comprehensive conceptualisation of fairness, validity, in principle, is 
taken into account by the fairness concept. However, if fairness is considered to 
be a narrower concept that concerns more technical issues such as bias in relation 
to an external criterion (as in this thesis), while maintaining a broader definition 
of validity (e.g. Messick, 1989), validity will include fairness entirely, positioning 
fairness as a subset of validity. In other words, validity is more than just fairness 
and, following the definition of test fairness used in this thesis, a test can be fair 
without being valid, but it cannot be valid without being fair. 

3.3 Argument-based approach to evaluating test fairness 

Admission test scores such as the SweSAT score are of interest because they are 
used to support claims about the observed performance and beyond. “To validate 
an interpretation or use of test scores is to evaluate the plausibility of the claims 
based on the test scores. Validation, therefore, requires a clear statement of the 
claims inherent in the proposed interpretations and uses of the test scores.” 
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(Kane, 2013a, p. 1). Admission test scores are used to support the claim that the 
test taker has some level of possibility to succeed in higher education, sometimes 
referred to as scholastic proficiency (Wedman, 2017). This possibility must also 
be related to the test construct. The claims relating to the defined purpose of the 
SweSAT has been a theme of research in several Swedish doctoral theses (i.e., 
Lyrén, 2009; Wedman, 2017) in which an argument-based approach to validation 
(Cronbach, 1988; Kane, 1992; Shepard, 1993) has been used to provide 
frameworks for the evaluation of the interpretation and use of test scores. This 
means that the validation process and the concept of validity have already been 
established in this context together with the defined propositions.  

With this established approach, the researcher explicitly states the proposed 
interpretation and use in some detail and evaluates the plausibility of these 
proposals (Kane, 2013a). The validity argument for evaluating test fairness is 
based on (1) aspects of a contemporary taxonomy of validity presented in the 2014 
Standards and (2) the claims inherent to the proposed interpretation and use of 
SweSAT scores presented in the following section (what these claims mean in 
terms of social values, ethics or their role in education is beyond the scope of this 
thesis). 

An argument-based validation process is organised around a series of conclusions 
that lead to the appropriate interpretations of test results and uses (Kane, 1992, 
2010, 2013a, 2013b; Xi, 2010). Following this, the validation process has two 
steps. The first step is to form an interpretative argument for the valid 
interpretations of test scores. The argument comprises a chain of conclusions that 
link the test results to a decision, evidence that supports each conclusion, and the 
propositions on which the evidence rest. The validity of the interpretative 
argument is then evaluated in conjunction with a validity argument in the second 
step. Thus, Kane chose to distinguish between what he calls an interpretative 
argument and a validity argument. Kane (2010) explained that the reason for 
distinguishing between validity arguments and interpretative arguments was to 
“(…) make the point that if validation is to provide an evaluation of the proposed 
interpretations and uses of test scores, it should begin with a clear statement of 
what was being claimed. The interpretive argument is to provide an explicit 
statement of the reasoning leading from test performances to conclusions and 
decisions. The validity argument would thereafter provide an evaluation of the 
plausibility of the interpretive argument.” (p. 181). 

3.3.1 Interpretative argument for test fairness  
Lyrén (2009a) and Wedman (2017) use different structures with similar 
interpretive arguments for validating the use of SweSAT scores for admission 
decisions. Wedman proposed some additional propositions and used a different 
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structure for the propositions. Both authors have an additional interpretive 
argument for using diagnostic information derived from the SweSAT. One of the 
propositions in the interpretative argument presented by Wedman can be 
interpreted as explicitly targeting the construct-irrelevant variance between the 
compared groups: “There are no construct-irrelevant sources of variability that 
seriously bias the interpretation of the total score as a measure of scholastic 
proficiency or the section scores as measures of quantitative and verbal ability.” 
(Wedman, 2017, p. 17). On its own, this proposition would be insufficient for 
capturing a variety of relevant group differences. In order to increase the 
granularity and frame multiple aspects (such as those targeted by the individual 
studies embodied in this thesis), I propose to expand this proposition into a 
cluster of test fairness propositions or test fairness arguments (FA). This will add 
to the propositions presented by Lyrén (2009) and Wedman (2017).  

The propositions are based on construct validity aspects (evidence of validity) and 
fairness aspects presented in the 2014 Standards. There are other guidelines for 
test use and validation, for example, the International Test Commission (ITC) 
Guidelines on Test Use. The ITC Guidelines are based upon earlier versions of the 
Standards (AERA, APA, & NCME, 1999) and do not cover the validity concept in 
detail. Also, the Educational Testing Service (ETS) has its own guidelines 
(Educational Testing Service, 2014) that build on the Standards. Both Messick 
(1989) and Kane (2006) provide suggestions for framing aspects of validity. 
However, the 2014 Standards are the most up-to-date guidelines and were 
created and supported by AERA, APA and NCME. In addition, the 2014 
Standards have been structured and detailed in aspects concerning validity, 
construct-irrelevant variance and fairness and have been used in previous 
comprehensive studies on validity in a SweSAT context (i.e., Wedman, 2017).  

The propositions (Table 4) are based on the Standards (American Educational 
Research Association [AERA] et al., 2014). The propositions frame various 
aspects of test fairness. Each proposition is described in detail in the next section. 
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Table 4. Test fairness propositions for the SweSAT when used for admission decisions. 

Group independent construct variance 
 FA 1.1 The impact of test content on the test score is independent of group 

affiliation. 
 FA 1.2 The impact of test context on the test score is independent of group 

affiliation. 
 FA 1.3 The impact of response processes on the test score is independent of 

group affiliation. 
 FA 1.4 The internal structure and accuracy of the test are not significantly 

different across the groups. 
 FA 1.5 The relationship between test score and achievement in higher 

education is independent of group affiliation. 
Group independent accessibility to test construct 
  FA 2.1 Access to the construct in the testing situation is independent of 

group affiliation. 
  FA 2.2 The opportunity to learn the construct is independent of group 

affiliation. 
Group independent consequences 
 FA 3.1 Using test scores for admission decisions will not have an 

unintentional differentially negative or positive impact on any of the 
groups. 

The propositions are intertwined and, when compared to other aspects of validity 
(e.g., Lyrén, 2009a; Wedman, 2017) and fairness (e.g., Xi, 2010), it is obvious that 
there is an overlap between and within important aspects. In a theoretical sense, 
it could be argued that the propositions could be reduced to one (or two) in 
accordance with, for example, the definition of validity by Borsboom, 
Mellenbergh, and Van Heerden (2004), who present a condensed conception of 
validity that would include FA 1.1–FA 2.1 as evidence of validity: “A test is valid 
for measuring an attribute if (a) the attribute exists and (b) variations in the 
attribute causally produce variation in the measurement outcome” (p. 1061). 
However, this conceptualisation does not cover important aspects of test use 
regarding overarching goals and values for society and education, and the 
absence of details would, in practice, reduce the granularity of the concept.  

3.3.2 Test fairness propositions and test fairness arguments for the 
SweSAT 
The impact of test content on the test score is independent of subgroup 
affiliation. An analysis of the content in a test and the test construct can provide 
important evidence of test fairness. The content refers to “the themes, wording 
and format of the items (…)” (American Educational Research Association 
[AERA] et al., 2014, p. 14). The words, theming and format (i.e., test content) can 
have a different impact on subgroups for different reasons. For example, item 
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content associated with some cultural understanding of one group of test takers 
would cause item bias if the culture-related aspect of the content is construct 
irrelevant. Further, the test content should not create differential motivation or 
engagement between subgroups.  

It is of great importance to the generalisability of test scores that the 
measurement of the construct is representatively sampled from the universe of 
measurement. A measurement made from a universe of reasonable 
measurements is challenged by its unique facets that potentially cause 
measurement error due to sampling variability. Thus, evidence of group 
independent test content needs a specification and guidelines for test developers 
to enable them to consider important aspects of item content that might result in 
unfair test scores. Wedman (2017) states that: 

The universe of measurements for each subtest is governed by the item 
construction guidelines specific for that subtest. Each topic in the 
guidelines includes a continuum of item difficulty, discrimination and 
correlation to the subtest score. (p. 20) 

However, procedures with pretests and panels for ensuring evidence of this 
proposition lack clarity since no specification of the universe of measurement is 
provided. Wedman (2017) concludes that the construct of scholastic proficiency 
for the SweSAT needs a more thorough definition in order to provide better 
validity evidence related to test content. Also, guidelines specifying the content 
that should be avoided in test items could strengthen the evidence related to this 
test fairness proposition. 

The impact of test context on the test score is independent of subgroup 
affiliation. The test context refers to aspects of the test and testing environment 
that may cause construct-irrelevant variance. Contextually-related test bias is 
about the relation between the examinee and the test situation. For example, 
contextual factors could be related to stereotype threat. That is, “being at risk of 
confirming, as self-characteristic, a negative stereotype about one's group”  
(Steele & Aronson, 1995, p. 797). The presence of observers or assessors, for 
example, or being the sole individual in a testing situation representing one 
specific group could disrupt the performance of cognitively-demanding activities  
(Steele & Aronson, 1995). Empirical evidence of the impact of such context has 
been shown in the SAT (Steven J. Spencer, Logel, & Davies, 2016; Steven J 
Spencer, Steele, & Quinn, 1999). The test content itself could contextually impact 
the test scores. 

The impact of response processes on the test score is independent of subgroup 
affiliation. Lennon (1956) defined content validity as “(…) the extent to which a 



 

25 
 

subject’s responses to the items of a test may be considered to be a representative 
sample of his responses to a real or hypothesised universe of situations which 
together constitute the area of concern to the person interpreting the test.” (p. 
295). This implies that in order to interpret a test score in relation to the intended 
construct, it is sometimes necessary to make assumptions about how the test 
takers behave or what cognitive processes are involved. There is, of course, a 
possibility that such assumptions are false or vary between subgroups. The 
measure may perhaps be representative in a theoretical sense but could be in 
conflict with the response process during the test. In a validation process, it is 
sometimes necessary to gain a better understanding of the response processes 
involved when answering particular test items in order to gather evidence against 
group dependent construct-irrelevant variance. In the SweSAT context, a focus 
on item format and test-taking behaviour can possibly elicit potential subgroup 
differences of construct-irrelevant variance derived from the response processes. 

The internal structure and accuracy of the test are not different for any 
subgroup. The internal structure of the test refers to “(…) the degree to which the 
relationship among test items and test components conform to the construct (…)” 
(American Educational Research Association [AERA] et al., 2014, p. 16). The test 
itself is the operationalisation and the internal structure of the test can provide 
information on how the operationalisation corresponds with theory. The way in 
which the relationship between validity and the internal structure of a test is 
understood has changed over the last century. It is not an entirely unproblematic 
relationship. For example, increased accuracy in a test score can often be 
accompanied by impaired content validity. This was also noted and discussed 
some 60 years ago by Cronbach and Meehl (1955). 

The validation of the internal structure of a test concerns the interrelationship 
between test items (how they can be clustered together statistically) and how the 
items and test components conform to the test construct. This interrelationship 
of items includes the dimensionality, group invariance and reliability of the test 
(American Educational Research Association [AERA] et al., 2014). Thus, these 
days, reliability is regarded as a necessary aspect of validity . Test scores have no 
validity if the they are inaccurate (Newton & Shaw, 2014).   

Internal consistency can provide information on whether the test score is 
accurately targeting a unidimentional construct. The internal consistency (see 
methods section 4.4 on reliability) of the SweSAT, measured by coefficient alpha 
(Cronbach, 1951), has ranged from 0.93–0.94 for the entire test, 0.89–0.92 for 
the quantitative section and 0.90–0.92 for the verbal section (Wedman, 2017). 
This indicates consistent and high reliability for the entire testing population. If 
the internal consistency were to differ across groups, this may indicate construct-
irrelevant items or clusters of items in the test. 
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Previous research has found that the SweSAT can be divided into a quantitative 
and a verbal section score (Wedman & Lyrén, 2015). However, if the internal 
structure differs across subgroups, then evidence of group dependent construct-
irrelevant variance is found. This is what was examined in Study I. Violation of 
this proposition can also be indicated by items that function differently for 
different subgroups. This was examined in Study IV. 

The relationship between test score and achievement in higher education is 
independent of subgroup affiliation. Evidence of this proposition would be a 
group’s independent predictive power of the test. If the prediction of success in 
higher education differs across groups, then this proposition would be violated. 
However, the prediction of a test score is a relationship between two measures, 
in this particular case, the SweSAT score and the achievement in higher 
education. If one of these measures were to unfairly discriminate against test 
takers in a certain group, then it would show as a group dependent prediction. 
Study III investigates potential group differences of prediction in the selection 
process for higher education. 

Access to the construct in the testing situation is independent of subgroup 
affiliation. This proposition is about the potential barriers that hinder certain test 
takers from special populations defined by some specifically observed and 
relevant difficulty such as a disability or being a non-native speaker. Access to the 
construct is actually a construct variance issue. However, I have chosen to place 
it under its own heading in accordance with the 2014 Standards. This highlights 
the focus needed to provide adapted tests to certain test takers. A specification of 
the provided test adaptations should be provided by the test developer and 
evidence of equal access must demonstrate that the adaptation had the desired 
effect. Adaptation of a test might alter the test situation and the measure. Thus, 
adapted tests should be investigated for potentially having introduced construct-
irrelevant variance in the interpretation of test scores by altering the test for some 
test takers, but not all. Study II examines the effect and potential construct-
irrelevant variance when providing extra time to test takers with dyslexia. 

The opportunity to learn the construct is independent of subgroup affiliation. 
The opportunity to learn refers to the opportunity given by the school, family and 
social context, but also to the opportunity to retake the test and learn the test 
construct operationalised as the test content and item formats, etc. In this latter 
meaning, several studies have shown a significant retest-effect on the SweSAT, 
meaning that test takers generally improve their score between test occasions. 
Particularly large improvements have been found between the first and the 
second test occasion (Cliffordson, 2004b). Another issue that has been observed 
concerning this proposition is that some test scores may be improved by specific 
coaching in order to mechanically learn how to perform well in a test. Group 
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differences in the accessibility to such coaching is an issue of test fairness. 
According to Wedman (2017), coaching is not likely to have a significant impact 
on the SweSAT since “coaching sensitive” subtests have been removed. 

Using test scores for admission decisions will not have an unintended 
differentially negative or positive impact on any subgroup. Thus far, the test 
fairness propositions have been based on the assumption that the test measures 
the same things (or random things) for different groups of test takers. However, 
there are at least two reasons for also including the ethical and social 
consequences of assessment in a comprehensive validity theory and in validation 
processes. These are: 1. Ethical and social implications are aspects of the test 
score meaning. In principle, the assessment’s consequences create the test score 
meaning (e.g., Messick, 1995; Shepard, 1997). 2. The inclusion of the impact of a 
test contributes to the entire picture when evaluating the assessment’s relevance. 
Use of the results can potentially result in certain consequences that may be 
harmful to the activities that the test is intended to benefit (e.g., Kane, 2013a; 
Linn, 1997; Messick, 1995; Shepard, 1997).  
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4. Methods  

A variety of analyses have been used in this thesis to address the specific research 
questions in each study. Each of the studies provides empirical evidence of key 
test fairness arguments for using the SweSAT for admission decisions. The 
credibility and generalisability of the interpretations of the results of these 
individual studies rest upon the methods and data used. In this chapter, the 
assumptions that underlies the statistical methods and the assumptions that led 
to the inferences of the results are presented and commented on. This includes 
descriptions of the methods and data together with the necessary statistical 
assumptions and limitations.  

The main focus is on quantitative analysis of group-related patterns in test data 
generated by hundreds of thousands of students who voluntarily sat the SweSAT, 
presumably to improve their chances of admission to higher education. In many 
respects, the research on test fairness concerning special populations is 
uncharted terrain, especially in this specific context. For this reason, most 
research questions in the specific studies aim to answer questions about the 
quantitative relationship between performance and group affiliation.  

4.1 Measurement models 

All statistical analyses in this thesis are based on identifying certain patterns in 
item statistics and comparisons between observed and expected outcomes from 
groups of test takers. The estimation of item statistics and scoring of responses 
requires a measurement model. Classical test theory (CTT) and item response 
theory (IRT) are the two dominating models used for estimating item parameters 
(and the examinees’ ability). 

A test score, X, in the CTT framework is defined by: X = T + E, where T is the true 
score and E is a random error score. Subsequently, in an error-free measure, the 
true score equals the observed score. The assumptions in the CTT model are that 
true scores and error scores are uncorrelated, the average error score in the 
population of examinees is zero and error scores on parallel tests are uncorrelated 
(Hambleton & Jones, 1993). Hence, since the examinees’ true scores are assumed 
to be constant between parallel test forms and from one test occasion to another, 
the error score is considered to be unique to the specific measurement. The true 
score cannot be directly observed, but it can be inferred from the consistency of 
the observed test scores. Following the estimation of the true score as a linear 
function of the observed score, the difficulty of an item in CTT is defined as the 
proportion of correct answers for that item – sometimes called the p-value or the 
p-score of the item (Crocker & Algina, 2008). How well an item discriminates 
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between examinees with high and low abilities is determined by the correlation 
between the item score and the total measure of the ability (the total test score) 
(Crocker & Algina, 2008). 

The assumptions of CTT models are sometimes described as being easily met by 
the test data and these models are often referred to as “weak” (Hambleton & 
Jones, 1993). However, the CTT is accompanied with the assumption that the 
error term is independent of the true score, although, in reality, the error term is 
often (intentionally) larger at both ends of the ability scale, meaning that the 
ability estimates are less accurate for both low and high ability students than for 
students of average ability. Furthermore, the error term, E, is positive in all 
multiple-choice tests due to random guessing. Also, however useful it may be for 
communicating test scores, the interpretation of item parameters can be 
inaccurate using CTT when comparing different groups and tests since it is 
impossible to separate the item parameter (difficulty level) from the ability of the 
test taker(s).  

IRT models address the problem of entangled item parameters and test taker 
abilities by implementing a probabilistic function often based on a logistic model. 
However, the IRT approach can be based on a variety of models. In theory, when 
an IRT model fits, it can estimate the ability of a test taker from any set of items 
and the item parameters can be estimated from any group of test takers 
(Hambleton, Swaminathan, & Rogers, 1991). Common assumptions for the IRT 
estimation of item parameters are 1) the items are unidimensional, 2) the items 
are locally independent and 3) the examinees’ latent ability can be estimated 
independently of taking the same test. (Crocker & Algina, 2008). The first two 
assumptions are sometimes merged into one (e.g. Hambleton & Jones, 1993). 
These assumptions are strong and more difficult to fulfil. 

One commonly-used IRT model is the one-parameter logistic model, sometimes 
called the Rasch Model. This is the only IRT model used in this thesis. Using this 
model, the probability P, of answering item g correctly for examinees with the 
latent ability θ is defined by: 

 
𝑃 (𝜃) =

𝑒( )

1 + 𝑒( )
 , (1) 

where bg is the item difficulty.  
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4.2 Correlations 

The association between variables in this thesis is often assumed to be linear. For 
quantifying the linear relationship between two variables x and y, Pearson 

correlations, 𝜌  defined as 

 
 

𝜌 =
𝑐𝑜𝑣(𝑥, 𝑦)

𝜎 𝜎
 , (2) 

are used. The covariance between the variables is denoted by cov, 𝜎 is the 
standard deviation of x and 𝜎  is the standard deviation of y. As Lyrén (2009) 

points out, Pearson correlations presume continuous data and the SweSAT scores 
are, per definition, not continuous. However, Pearson correlations are used since 
they are generally considered to be robust to violations of these assumptions 
(Lyrén, 2009) 

4.3 Regression analysis 

Regression analysis is used in Study II, III and IV for investigating and modelling 
the assumed causal relationship of two additional variables. The descriptions by 
Field (2016) and Field, Miles, and Field (2012) are used for defining and 
controlling the regression models used. Basic assumptions of the regression 
models when generalising the results from linear regression are: 

 There is a linear relationship between the outcome variable and the 
independent variable(s).   

 No multicollinearity, meaning that the independent variables in a 
multiple regression model are not highly correlated.  

 Homoscedasticity, meaning that the variance of error terms is similar 
across the values of the independent variables. 

 For any two observations, the residual terms should be uncorrelated. 

 The errors are normally distributed. When more than one variable is 
used to predict an outcome, multivariate normality must exist. This 
means that multiple regression models assume that the residuals are 
normally distributed. 

In Study II and Study III, linear regression was used and in Study IV, logistic 
regression model estimations were used. The assumptions for the logistic models 
are similar to those of the linear model, except for the linear relationship between 
predictor and outcome. These assumptions were controlled for in all studies using 
regression analyses. 
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4.4 Reliability 

In this thesis, reliability is defined as the consistency of the measure of an 
individual’s performance. In line with this definition, CTT define a reliability 
coefficient as the correlation between parallel measures (Crocker & Algina, 
2008). In the empirical analysis in this thesis, reliability derived from CTT refers 
to a quantified measure of the internal consistency of the measure in a test 
defined by the alpha coefficient as presented by Cronbach (1951), or its special 
case, KR20 (Kuder & Richardson, 1937). Using the notation by Crocker and 
Algina (2008), the coefficient alpha is defined by 

 
 

𝛼 =
𝑘

𝑘 − 1
1 −

∑ 𝜎

𝜎
 , (3) 

where k is the total number of test items, 𝜎  is the variance of item i and 𝜎  is the 
variance of the total test. The alpha coefficient follows the CTT model and 
assumes unidimensionality. 

4.5 Data 

All data in this thesis are from real test administrations of the SweSAT between 
autumn 2011 and spring 2018. Between 50,000 and 80,000 students took the 
test on each occasion. Detailed information on the data is provided in each of the 
individual studies. Common to all datasets was complete item-level statistics and 
grouping variables for gender and test adaptation due to dyslexia. The SweSAT is 
constructed and assembled with CTT and the assumptions of CTT are considered 
to be met by the data.  

4.6 Software 

R (R Core Team, 2020) and IBM SPSS Statistics (IBM Corp., 2015-2017) were 
used for the statistical analysis. For some of the DIF and IRT analyses, an open-
source Java application, JMetric (see Meyer, 2014), has been used to run analysis 
and testing the results. In many cases, Microsoft Excel (Microsoft Corp., 2010-) 
has been used for the preliminary analysis. 
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5. Summary of studies 

Each of the four studies in this thesis examine different pieces of evidence of test 
fairness directly related to the interpretative test fairness argument that is 
presented. The implications of the test fairness argument (and the potentially 
direct implications and contribution of the research) are presented later under 
the Discussion chapter. In the following section, each study is briefly described. 

5.1 Study I – Sub-score values for males/females and dyslectic 
test takers 

Subtests are used as building blocks in the composition of tests. These building 
blocks form the basis of the test’s internal structure. It is sometimes suggested 
that for diagnostic or admissions purposes, the sub-scores from these subtests 
could be used to provide a more varied picture of a student’s knowledge. The 
added value of sub-scores for the SweSAT has been the subject of several studies 
(Lyrén, 2009b; Wedman & Lyrén, 2015). In this study, the way in which the 
added value depends on the group was investigated. The study includes sub-score 
analysis in a test fairness perspective, focusing on the importance of a test’s 
internal structure. We believe that even though sub-scores are not used for 
reporting results and for diagnostic purposes, they still form the core of the test 
composition, that is. the internal structure of the test. In particular, the 
differences in sub-score values across groups based on accommodations could 
indicate problems with the appropriateness of the accommodation. The main 
question posed was: Are there differences in the added value of sub-scores across 
groups based on testing accommodations in terms of extended testing times and 
between males and females?  

We used a CTT approach to compare the proportional reduction of mean square 
error (PRMSE) of the observed sub-score and the observed total score as 
predictors of the true sub-score (Haberman, 2008; Sinharay, Haberman, & 
Puhan, 2007). The ratio between the predictors was defined as the value-added 
ratio (VAR). Comparisons of the VAR were made between test takers who took 
the regular test and test takers who took the test with extended time adaptation 
due to dyslexia, as well as between males and females. 

We found that the VAR for all sub-scores was slightly higher for males than for 
females. There were also some differences across groups defined by the extended 
time accommodation, but they were not systematic in the same way as for males 
and females.  
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5.2 Study II – Time accommodations for applicants with 
dyslexia 

This study acknowledges the need to provide adaptations to test takers in order 
to overcome construct-irrelevant barriers. However, if not carefully conducted, 
the test adaptation might introduce construct-irrelevant variance that disfavour 
test takers who were not provided with the adaptation (L. J. Lewandowski et al., 
2008). 

A commonly used adaptation – extended time – provided to test takers with 
dyslexia, was examined. Different approaches were used to address three 
questions regarding extra time on the SweSAT. 1. Is the standard version of the 
test speeded? 2. Does extra time help test takers with dyslexia to overcome 
construct-irrelevant barriers? 3. Are there any indications that the test is more or 
less speeded for test takers who are provided with extra time due to dyslexia? 

The analysis used a non-experimental design. The test used to examine potential 
test speededness in the standard version of the test was administered in several 
different versions that contained the same items, but in a different order. For 
example, item one in version one was placed as item six in another version. Items 
were moved minimum of zero and a maximum of 11 positions. This enabled the 
analysis of how item difficulty depended on item position. The assumption was 
that the item position would impact the item difficulty if the test was speeded 
(Oshima, 1994). Hence, if there were no differences in the level of difficulty 
depending on item position (or if a late item position resulted in lower difficulty 
level), then this would prove that the test is not speeded. An IRT approach was 
used to estimate the item difficulty.  

Test takers who took two successive tests were included in the analysis of the 
effect of extended time. In the group of test takers who took both tests, 18,881 test 
takers took both tests with no accommodation, 469 were provided with extra time 
due to dyslexia during both sessions and 141 test takers were given no 
accommodation during the first session and extended time as an accommodation 
due to dyslexia during the second session. The effect was calculated using a (fixed 
effect) regression model under the assumption that the group assignment was 
random. This is equal to a difference-in-difference approach that compares the 
mean score gain between the test occasions for the compared groups. 

For finding evidence of differential speededness when extra time was provided 
for some but not all test takers, the impact of item position on the proportion of 
omitted items and uniform differential item functioning (DIF) was analysed (see 
the summary of study IV for a description of DIF).  
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The results indicated that the standard version of the test is potentially speeded 
and that the extra time provided improves test results for test takers with 
dyslexia. However, there was no conclusive indications supporting differential 
speededness due to the extra time provided. The findings from this study show 
the beneficial effects of providing extra time for test takers with dyslexia, although 
the findings do not conclusively disprove that this extra time causes an unfair 
advantage. 

5.3 Study III – Predictive validity for immigrant groups  

Our main hypothesis in this study was that test takers with an immigrant 
background would be unfairly discriminated against by unintended verbal 
components in the test and that it would be demonstrated by the underprediction 
of test scores on the academic achievement of test takers with an immigrant 
background. 

Comparisons were made using multilinear regression analysis between 
performance on the selection instruments (SweSAT and upper secondary school 
grades) and first-year achievement in higher education for students with different 
immigrant backgrounds and native students. We controlled for age, gender, 
parental educational level and whether or not the student was participating in an 
educational programme in higher education that was mathematically 
challenging. 

The results show that the selection instruments overpredict academic 
achievement in higher education for students with an immigrant background. 
This finding may indicate that the SweSAT favours students with immigrant 
backgrounds and/or that there is an aspect of higher education or that the self-
selection process itself causes the academic achievement of immigrant students 
to be overpredicted. 

5.4 Study IV – Differential item functioning for immigrant 
groups 

This study aimed to identify test items in the SweSAT that function differently for 
test takers from an immigrant background. Such differential item functioning 
(DIF) indicates that the item is measuring something that varies across 
subgroups. DIF caused by construct-irrelevant factors is clearly unfair to the 
disfavoured group. DIF is not shown if the compared groups – given that they are 
equally proficient – have the same probability of answering an item correctly. 
However, if one group, for example, test takers with an immigrant background, 
has a lower probability of answering an item correctly even when they are equally 
proficient, this item displays DIF. 
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CTT-based methods were used to identify immigration-related DIF: 1.  
A Mantel-Haenszel procedure (Holland & Thayer, 1988; Mantel & Haenszel, 
1959), comparing differences in the odds-ratios of giving a correct response to an 
item when matching for general ability. The Mantel-Haenszel approach can 
detect DIF classified as uniform DIF. 2. Logistic regression, which compares the 
explained variance between separate regression models for the compared 
subgroups when controlling for general ability. 

Considerable DIF in favour of immigrant applicants was found in some non-
complex algebra items in the quantitative section of the test. DIF in favour of the 
native group in this section comprised all the items in the subtest that is testing 
diagrams, tables and maps (DTM). The DIF items in the DTM subtest were 
potentially influenced by cultural aspects and proficiency in Swedish at a level 
that is not part of the quantitative construct. Hence, item bias could not be ruled 
out for the DTM items showing DIF. DIF in the verbal section was less 
systematically clustered into subtests that favoured one or the other group. In the 
vocabulary subtest, word class and the origin of words appeared to be important 
for explaining the DIF. Additionally, linguistic and cultural aspects could explain 
some of the DIF that was found in the verbal section. DIF in both the 
mathematical and the verbal sections was hypothesised to be associated with 
differences in the relevance of cultural content. This hypothesis found some 
support in the verbal section and in some items in the DTM subtest in the 
quantitative section. A cross-validation of the findings from this study, using the 
same taxonomy of potential explanations for DIF, could further improve the 
knowledge of item bias related to the compared groups.  
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6. Discussion 

This thesis aims to investigate fair use of test scores for admission to higher 
education. Fairness is narrowed down to the absence of irrelevant differences 
across groups regarding the validity of interpretation and use of test scores. The 
thesis puts attention to equality of opportunity and, more specifically, issues 
related to accommodations provided for the SweSAT and potential 
discrimination based on immigrant background.  

There are no straightforward answers to complex questions such as whether or 
not the SweSAT is fair. Validity of test score interpretations and uses and test 
fairness are defined as interrelated concepts and as Messick (1989) stated: 
“Validity is an integrated evaluative judgment of the degree to which empirical 
evidence and theoretical rationales support the adequacy and appropriateness of 
inferences and actions based on test scores” (p. 1). Thus, in order to examine the 
simple question of whether or not the SweSAT is fair to special populations, it has 
been necessary to approach many different aspects of test fairness. This has 
resulted in different kinds of evidence which, together with the proposed test 
fairness argument, serve to illuminate the fairness of using SweSAT scores for 
special populations.  

In the following section, the results from each study are first linked to the 
propositions in the proposed test fairness argument for using the SweSAT for 
admission decisions and are then linked to the current issues in the Swedish 
admission system. The extent to which the results have implications for and/or 
accumulate knowledge in the research field on a more detailed level is stated in 
the individual studies. Also, some general limitations and shortcomings related 
to the generalisability of this doctoral thesis are presented. Finally, some 
suggestions for further research are proposed. 

6.1 Implications for the interpretative argument of test 
fairness 

Studies I and IV focus on the internal structure of the test (FA 1.4), Study II 
examines the accessibility proposition (FA 2.1) concerning dyslectic test takers, 
Study III is about differential predictive validity (FA 1.5) and Study IV includes 
some content analyses. None of the studies directly target test context, response 
processes, the opportunity to learn the construct or the consequences of test score 
interpretation and use.  
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6.1.1 Sub-scores as internal structure FA 1.4 
In Study I, the test fairness proposition of the equal internal test structure across 
groups of test takers (FA 1.4) was examined by analysing the quality of the sub-
scores. While the differences in the added value of the sub-scores were generally 
negligible, in some instances they were large enough to pose a threat to the test 
fairness proposition FAa 1.4, thereby raising questions about test fairness.  

6.1.2 Extra time to provide accessibility FA 2.1 
Study II targeted test fairness issues related to the proposition regarding 
accessibility (FA 2.1) in relation to dyslectic test takers provided with extra time. 
Dyslexia causes slower reading of test items and, in many cases, can also impact 
the speed of processing information (Reid, 2016). No evidence has been found to 
suggest that test-taking speed is an intentional aspect of the SweSAT test 
construct. Thus, it would appear to be fair to provide extra time to test takers with 
dyslexia as it is unlikely that it would cause construct-irrelevant variance. 
However, the findings from this study indicate that the SweSAT might be 
(unintentionally) speeded. This may lead to construct-irrelevant variance in the 
test scores and systematically lower scores for test takers not provided with any 
extra time. This would be regarded as a violation of proposition FA 2.1. However, 
the results on this matter are inconclusive. 

6.1.3 Differential prediction FA 1.5  
The proposition that states that the relationship between test score and 
achievement in higher education is independent of subgroup affiliation (FA 1.5) 
was tested in Study III for test takers with an immigrant background. 

The result indicates that the SweSAT overpredicts the academic achievement of 
immigrants. This violates proposition FA 1.5. We could not provide any 
reasonable hypothesis for why the SweSAT would overpredict the academic 
achievement of students with an immigrant background and our best guess is that 
some aspect of higher education is discriminating against the traits generally held 
by this group. 

6.1.4 Differential item functioning FA 1.1, 1.4 
DIF can potentially threaten the test fairness proposition of equal internal test 
structure across groups (FA 1.4). The DIF items indicated (intentionally or 
unintentionally) multidimensionality in the test. There is not much research that 
provides potential explanations for the causes of DIF when analysing the item 
response from test takers with an immigrant background. In this study, a number 
of explanations were added to previous suggestions (Uiterwijk and Vallen (2003); 
Uiterwijk & Vallen, 2005) and these suggestions were structured and analysed for 



 

38 
 

items showing DIF. More elaborated theories and further empirical studies on 
other data should have the potential to provide an even better understanding of 
the mechanisms that cause DIF. 

The finding that items with non-complex ratios of algebraic expressions favoured 
test takers with an immigrant background should be confirmed by the DIF 
analyses in another dataset. If the finding is generalisable, it should be 
investigated further to establish whether there is something in the learning 
situation of this topic that benefits non-native students. The finding of few 
potentially culturally-biased items should direct emphasis towards reducing 
content that could favour native test takers. The language-related bias found in 
the DTM should lead to either the inclusion of a degree of verbal ability in the 
quantitative section or reducing the text in these items. The biased items violate 
test fairness proposition FA 1.4. 

6.2 Contribution from the research – Direct implications 

6.2.1 Weighted scores for admission decisions 
A current issue is that to increase the prognostic validity of the SweSAT, weighted 
results could possibly be introduced to the admission. Weighted results mean that 
different levels of importance are attached to the different sub-scores to better 
match the applicant’s competence with the requirements stipulated by the 
education. The discussion about introducing weighted test results for admission 
to higher education has been ongoing for a long time (e.g., Gustafsson et al., 2014; 
Lyrén, Rolfsman, Wedman, Wikström, & Wikström, 2014). It is only during the 
time that this doctoral thesis was written that several reports and documents for 
introducing weighted results have been published (e.g., Tillträdesutredningen, 
2017; Universitets- och högskolerådet (UHR), 2016) and in the autumn of 2019, 
a trial of admission using weighted results was introduced.  

A direct implication of the results of Study I is that the internal consistency of the 
subtests is proven to be higher for male test takers than female test takers and 
that the added value from using sub-scores is (slightly) higher for males. This 
means that interpretations of sub-scores are more valuable for the male 
population. Thus, if the weighted results were to be effectively implemented, we 
would expect an increase in predictive validity and a greater increase in predictive 
validity for males compared to females admitted by the SweSAT. We also found 
substantial differential value added by the sub-scores when comparing the 
standardised test to the test with extra time as an accommodation. Looking solely 
at the added value, the recommendation would be to report the sub-scores of all 
test takers, with the exception of the group that was provided with extra time. 
Since the sub-score value differs across groups, there would be a risk of a more 
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unfair selection if the sub-scores were used as an extension or as an alternative to 
the total score for admission decisions. However, from the analyses of the 
compared subgroups, we found no evidence to support the claim that the verbal 
and quantitative part of the test should not be reported separately. 

6.2.2 Groups provided with accommodations 
There has been discussion in Sweden about extending the right to test 
accommodations to more types of student groups (e.g., students diagnosed with 
ADHD and narcolepsy). Extending the accommodation of the SweSAT has also 
been an issue for a number of studies (e.g., Strandberg, 2018). Also, a 
recommendation from the latest government agency report (Strandberg, 2018) 
states that anyone with a documented disability that they regard as affecting their 
ability to take the SweSAT on equal terms to test takers with no disability should 
be able to apply for adaptation of the test. This thesis can provide useful 
information about this issue, given the uncertainty proven in Study II regarding 
whether the established test adaptation for dyslectic test takers creates construct-
irrelevant variance, while accommodations provides a way of overcoming other 
construct-irrelevant barriers. For example, receiving extended time as an 
adaptation of the test may not be the best way of providing accommodations since 
there is convincing evidence that the test is speeded. Also, the findings from Study 
I indicate that the internal structure of the test is different for the dyslectic group 
provided with extra time compared to the rest of the test-taking population. These 
issues should preferably be investigated further, together with any 
implementation of legislation in this field.  

6.2.3 Immigrant integration in higher education 
In Study III, the differential prediction of SweSAT scores for immigrant groups 
and native students was examined. The study had its origins in the justification 
of using admission tests to broaden recruitment and provide a second chance. 
The findings indicate that admission to higher education in Sweden overpredicts 
the academic achievement of immigrants and this knowledge generates more 
questions that must be answered. For example, why does the SweSAT overpredict 
the achievement of this group and is this fair to native test takers? The findings 
contribute to the accumulated knowledge of the predictive validity of the SweSAT 
and provide evidence of the importance of further studies on integration 
concerning education. 

Potential immigration-related bias in the SweSAT was examined in Study IV and 
certain items were potentially biased, favouring native students. The findings in 
this study also indicated that native students underachieved on certain items 
compared to students with an immigrant background. These items were  
straightforward (non-complex) algebra items, including ratios with algebraic 
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expressions. These findings are in line with the results of international 
comparative studies (e.g., Skolverket, 2013) showing that Swedish students 
underperform in algebra. 

6.3 Limitations and generalisability  

Limitations are presented in detail within each specific study. However, there are 
some general limitations regarding the data. First, the granularity of 
classifications in which, for example, dyslectic test takers are a heterogeneous 
group (e.g., Mather, 2012) and the grouping variable of immigrant background 
only provide information on whether or not the test taker and one or both parents 
were born abroad. There could be some meaningful within-group variation that 
went unnoticed because of this and the generalisation of the findings must have 
the same level of accuracy as the data. For example, the extended time might not 
help certain types of dyslectic test takers and the academic achievement of 
students from an immigrant background from some specific region may be 
underpredicted by the SweSAT.  

A second limitation regarding the possibility of generalising the findings to the 
population of all students is the self-selection of admissions to higher education 
where only the data of those students who have been admitted are studied. If the 
students’ tendency to take the SweSAT correlates with any other variable, there 
will be self-selection bias. This is a common problem in, for example, predictive 
validity research (Gustafsson & Reuterberg, 2000).  

A third limitation is the uncertainty of the validity of the external measures used, 
such as a dyslexia diagnoses, upper secondary school grades and the measures of 
academic success. Students included in the dyslexia group were diagnosed with 
dyslexia by a professional who issued a certificate stating that the student had 
dyslexia. This should somewhat strengthen the validity of using this criterion as 
a grouping variable. The upper secondary school grades issued by teachers are 
the best predictor of academic success (see Study III), although there are some 
crucial indications of unreliable grading and potential bias in the Swedish grading 
system (e.g., Gustafsson et al., 2014; Vlachos, 2019). The measures of academic 
success in higher education used in Study III are also a compromise that are 
potentially affected by construct underrepresentation. The measures could 
potentially be more nuanced with information about, for example, the university 
that each student is attending at and the courses the students will take during the 
first year. 

Besides the general limitations of the data (described above) and the assumptions 
of the statistical analyses described in the method chapter, one concern when 
using an argument-based approach to validation is that the list of potential 
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propositions is endless. Thus, it will never provide a definite validity argument; it 
can only be used to plausibly defend the interpretation of the test scores 
concerning the documented propositions and/ to prove that interpretations and 
uses of test scores are invalid. This same fallacy withstands when the validity 
framework is used to evaluate group independent validity. Kane (2013a) proposes 
that “the kinds of evidence required for validation are determined by the claims 
being made and more ambitious claims require more evidence than less 
ambitious claims.” (p. 3). This makes sense in a test developing perspective; in 
practice, we need to delimit our understanding to aspects that seem possible, 
reasonable, and meaningful to evaluate. 

Furthermore, other methodological approaches could provide a better 
understanding of the relations found in this thesis. Some of the findings are 
described as causes (for example, linguistic difficulties cause an unfair 
disadvantage in some of the quantitative items). A qualitative approach to 
exploring test fairness may provide a better understanding of the causal 
relationships regarding test fairness and the classifications of the to be compared. 
Or, as (Camilli (2013)) stated: “ (…) beyond these causes, there are also effects to 
consider, and this raises a central question in test fairness of how cause and effect 
are linked. Quantitative methods can improve an understanding of the link 
between cause and effect, but arguments solely based on the authority of 
statistical methods are both flawed and obfuscating (e.g., Camilli, 1993).” (p. 107). 

A final remark is that the terms validity, fairness, test fairness and bias can be 
both useful and ambiguous. I have tried to balance these theoretical concepts and 
only make statements about test fairness as defined in this thesis, and only in 
high-stake situations. This might be considered to be a narrow definition 
equivalent to test bias, while other might see that a narrow and technical 
definition of fairness neglects the main issues regarding fairness in selection to 
higher education. It is reasonable to add several layers in order to provide a wider 
and more truthful definition. Test fairness, as defined in this thesis, could 
consider for whom the test results matter. Is it for the individual, like in this 
thesis, or is it on a group, national or global level? Fairness in terms of equal 
validity for all does not make much sense if the results have no implications for 
the individual. I would argue that fairness (or unfairness) only exists as a 
relationship between entities that are affected by the outcome. Furthermore, 
fairness in selection in education must also consider the consequences of using 
test results based on ethics and the overarching goals and values of education and 
society, which are beyond the scope of this thesis. 
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6.4 Suggestions for further research 

6.4.1 Further research related to test accommodations 
The individual studies in this thesis have proposed different further research. 
Study I showed considerably different sub-score values for some subtests for the 
group provided with extra time due to dyslexia. From this finding, further 
research was proposed in order to examine group independent validity in terms 
of the internal consistency of other tests for which accommodations are provided. 
In the SweSAT context, evidence of test fairness related to affiliation with other 
relevant groups (e.g., immigrant groups) could be examined using this sub-score 
analysis approach. Additionally, a sub-score analysis could potentially provide 
information on the acceptable number of subtest items for ensuring the added 
value of sub-scores for all subgroups. Other methodological approaches for 
analysing the differential internal structure of the test could also validate the 
findings. Here, for example, a quantitative construct analysis, using factor 
analysis and structural equation models, could be used. It would also be 
interesting to establish why the internal consistency (i.e., the reliability) of all 
sub-scores are higher for males than females.  

A differential internal structure, as indicated by the results in Study I, might be 
due to a mismatch of accommodation. Further research is needed to determine 
whether the SweSAT is differentially speeded due to the extra time provided to 
test takers with dyslexia. As stated in Study II, it is plausible that the variation of 
perceived speededness in the group of test takers with and without extra time 
causes overlaps to the extent that many test takers without extra time would need 
extra time and that some test takers provided with extra time have more than 
enough time. There might be other (better) adaptations of the test that could be 
used to include students with disabilities such as dyslexia, and the ultimate test 
should have a universal design that could be provided on equal terms to all test 
takers. One commonly used approach is to provide audio recordings of the texts 
from the test. This could be provided to all test takers but would only be used by 
those who felt they would benefit from it. Research comparing recorded texts to 
extended time could potentially move admission tests closer to universal design. 

6.4.2 Further research related to test takers with an immigrant 
background 
Further research related to the student group from an immigrant background 
should focus on the retention of higher education in Sweden and barriers 
inherent to the higher education system. Cultural factors could potentially 
explain a higher retention rate among some groups of test takers. However, 
dropouts from higher education might also be a consequence of structural 
discrimination. Further knowledge about this matter is crucial.  
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Individual students in the immigrant groups defined in this thesis are potentially 
from very different cultural, educational and language backgrounds. Hence, more 
detailed studies of differential predictive validity and differential item 
functioning for groups based on, for example, nationality, could have great 
potential for improving the understanding of immigration-related test fairness. 

6.4.3 A comprehensive test fairness argument for the future 
Thus far, the further research I have proposed is focusing on adding knowledge 
directly related to the findings in this thesis. However, in order to achieve a 
comprehensive test fairness argument, research must focus on all of the test 
fairness propositions (see Table 4). Explorative research on the self-reported 
perception of test context and the impact on test performance could potentially 
lead to a better understanding of context-related test fairness. This could 
potentially be studied using the stereotype threat theory (Steele & Aronson, 
1995). Also, group-related differences in response processes, the opportunity to 
learn the test construct and the long-term consequences of using admission tests 
should be the subject of further research. 

Research on test-taking behaviour could potentially provide a better 
understanding of response processing. Such studies could benefit from utilising 
a shift towards computer-based testing.  

Finally, a better understanding of the self-selection process for taking the SweSAT 
and applying for higher education could greatly improve the understanding of the 
group-related differences in outcome, validity and test fairness. 
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