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Constructing SIMON: a tool for evaluating personalinterests andcapacities to choose a
post-secondary major that maximally suits the potential.
DISSERTATION ABSTRACT

Choosing asuitable study program is anduous procegsr many prospectivstudents
Despite the bulk of informadn provided byinstitutions only40% of enrolling students
Flanderspass all courses in the first year of higher education. Too many studeinmstfieil
first year bec au Slesetstndents ase maeechodvalid toastthatgivlpa c e 6 .
choose atudy progranthat maximally suits theiinterests angbotential. This dissertation is
aimed at describing the construction and validation of such an inteasetl setassessment
tool, SIMON (Study capacities and Interest MONitor).

An ingrument such as SIMON needs to answer the two basic questions that prospective
students are faced with when going through t
me? 0 fAandl | be aThéredoreftiee cansiructor &nd val@ataira new and
contextspecific interest tool is discussed that allows (prospective) students to answer the first
basic question. The second question (will | be able to succeed?) is addressed by examining the
predictive validity of a broad range of variabls tertiary academic achievement. The
incrementalpredictive validity ofbackground factors, cognitive skills and the ‘oognitive
factors of personalityself-efficacy, motivation, metacognition and test anxigty examined
in a large sample of students. Moreovtke, differential predictive validity of these variablss
examinedacross differentertiary education programs. This will allow (prospective) students
to evaluate their capacities with referencepecsfic study programs.

Still, answering these two questions is not necessarily enough to get (prospective)
students O6in the right placed. A key matter

receive from such an instrument. Therefore, attensoalso devoted to the consequential



validity of SIMON by examining the effect of receiving negative attainability feedback on
career goal disengagement.
It is concluded that SIMON can help students during their study choice process.

Directions for futue researcland further development of SIMON are also addressed
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Chapter 1: Introduction and overview

The overall aim of this dissertation is to document the construction and validation of a
tool that provides prospective students with the necessary information to choose a higher
education study program that maximally suits their interests and potential.

This introductory chapter describes the research context and more specifically the
educational system in Flanders, the northern region of Belgium which has an autonomous
educational system. We describe the growing awareness of the necessity to develop an
instrument that aids potential students in their choice of higher education study program and
allows to understand the context in which the specific components of the tool were developed.
In doing so, we elaborate on the study choice process theory andtemtigd problems
associated with this process. We describe how a tool that aids study program choice can counter
these issues. Finallyan outline is given of the main components of the tool, of the data
collection process and of the specific researchothgses that are addressed in the present
dissertation.

The Educational System in Flanders

In order to understand the necessity of constructing a tool that helps prospective students
to choose a higher education study program it is important to elaloratntextual factors.
Especially given that the Flemish educational system is quite distinct from systems across the
world, more specifically with regards to entrance requirements for higher education. The
majority of countries and regions in the worldobpsome form of selection at the entry to
tertiary educatiofiMcGrath et al., 2014Whether it is through standardized aptitude tests (e.g.,
Japan, Swedenufkey, U.S.), centralized secondary school exit exams (e.g., Australia, France,
Germany, Italy, U.K.) or through other entry requirements such as grade point average,
interviews, portfolios, and application essélykGrath et al., 2014)most regions apply some

form of selection of higher education students. In contrast, the Flemish higher education system



is almost maximally unconstrained. With the exceptiometlical, dentistry and performing

arts programs, there are no selection exams or admission tests. The sole requirement for
enrollment in any other program is holding a secondary education qualification. And even
students without qualification can be gmhtaccess. Also, this secondary education
qualification is not obtained through any centralized or standardized examination, as is the case
iIn many other open access systems. In Flanders, it is the class committee (consisting of the head
teacher and all ber teachers who teach the pupil) that decides whether or not the pupil has
sufficiently achieved the objectives of the curriculum and thus passes(itematsh Ministry

of Education and Training, 2008)

As the necessity to develop an orientation tool is a product of the regional context, it is
imperative to further delineate the structure athihigher and secondary education in Flanders
and the implications of the open access policy for academic achievement.

Secondary education structure

Figure 1 depicts the structure of upper secondary and higher education in Flanders.
There are four tye of secondary education (SE) programs: general, arts, technical and
vocational SE.

General SE has an emphasis on broad general education and provides a solid foundation
for higher educatiorf95% of General SE students pass on to higher education; Van Daal,
Coertjens, Delvaux, Donch&, Van Petegem, 2013 echnical SE emphasizes general and
technical matters and prepares for a professtassing on thigher educatioims possiblebut
less frequent69.1%; Van Daal et al., 2013econdary arts education combines a broad general
education with active arts practice and also prepares for a profession or to passgber
education. Finally, vocational SE is a practizeented education in which young people learn
a specific professio(Flemish Ministry of Education and Training, 2008jter which higher

education is less likel{23.6%; Van Daal et al., 2013)
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Fig. 1. Upper secondary and tertiary education structure in Elanahcluding admission
requirements (arrows)

Although the four types of secondary education have different content and emphasis
and differ with regards to their finality and the extenttach they prepare either for further
education or for the job market, admission to higher education programs is independent of the
type of secondary education qualification obtained.
Higher Education Structure

Flemish higher educatioranbe describedsabinary(Arum, Gamoran, & Shaty 2007)
It consists of two main types of programs: academic and profedsoceational (see Figure 2
for a graphical representation of the higher education strucAgaglemic programs are mainly
organized by universities, whereas university cagegrovide professional programs with an
emphasis ofunctionalskills. While the focus in the latter is more on concrete and specialized
professional skills and direct entry into the labor market, academic programs are more
theoretical and researdriented leading to a master degrehe professional programs lead
to a bachelor degree and correspond to the Bologna first cycle programs of 180 European Credit

Transfer and Accumulation System (EQTSFhe Bologna Declaration of 19 June 1999. Joint



decl aration of the Eur op.Academiprogiamsalsolesadtod Edu
bachelor degree at firgivhich alsoconsistsof 180 ECTS credg), but the finality is to
complement this degree by a master. Academic programs thus correspond to the Bologna two
cycle programgfor a detailed description of the higher education system in Flanders, we also
refer to Kelchtermans &erboven, 2008)These two higher education tracks corresporitie
distinction between tertiartype A (or academic) and tertiatype B (or
professional/ocational) programs as specified in the International Standard Classification of
Education(UNESCO, 1997)

Although the academic track is welpresented in Flanders, the vocational track for a
first degree is relatively more popular than in most other coun@ess countriegn average
39% of young people will graduate from teryidype A firstdegree program(often called
bachel or 6s degr egtype Asecbndieyfde progranm( 0 etr ¢ m acal | ed
degree)Organisation for Economic Gaperation and Development: OECD, 20X2pmpared
to these averages, fewer people (only 18%) in Belgium attain a first degree in-typeady
education but morpeople(26%) will gradiate fromtertiary-type A second degree programs
(ma s t degre@)3his is possible because tlogvertertiary-type A firstdegreegraduation rate
in Belgiumis counterbalanced by a higher level of fidgtgree graduation rates from tertiary
type B (vocationally oriented) prograsn(32% compared to the OEC&verage of 14%)
Belgiumis one ofthe only countriegnext to Argentina and Slovenia) which more people
earned their first degree from tertiagype B programs than fronertiary-type A progrars
(OECD, 2011)

At the end of secondary education (ag€l8J, students are expected to decide on which
study programhey want to pursue. This choice entails bothsthely level (either academic or
vocational track)and thestudy field or major (e.g., engineering, law, psiyology, foreign

| a n g u aWihwveaty)few exceptions, study fields can be studied either at the theoretical or



at the more applied level. For example, the academic Psychology program extensively studies
the fundamental principles underlying human psychology, hereby considerirggeniff
theoretical perspectiveas well as the development of research competencies relevant for the
scientific fieldwher eas the vocationally orfooesstoed O0Ap
the practical application of psychological principlés. said,students in Flanders choose a

major when enrolling in higher education. When a student wants to change majors this usually
requires him or her to start over andergoll as a freshman. This is in contrast with systems

that allow undergraduasto take caorrses across several disciplines before choosing one major

field of study in which to specialiZ@s is typical for instance in the U.S.).

The academic year and evaluations.

Once enrolled, thecademic year starts at the end of Septembeitasahsists btwo
semesters. Courses usually take one semester and students are evaluated at the end of each
semester during first exam periodin January for the first semester and June for the second)
Many courses, especially in the first bachelor year, are &ealuhrough written exams with a
multiple choice or, less frequently, an open answer format. In about 10 to 20% of the first year
courses, these exams are complemented with coursework and participation credits. A student
passes the course when he or slra®a score of minimum 10 out of a maximum of\®Ben
students fail a first time there is a second examination patitte end of the same academic
year (in August).If studentsdo notachieve the minimunduring thissecond examination
chancethey fal the course.

Academic Achievemenin the First Year of Higher Education

On averageFlemishstudents earn 61% of their ECTS credits in their first year of
tertiary education. A mere 40% of students pass all courses in the firstngklaf% does not
earnone single crediftMinisterie van Onderwijs en Vorming, 2009nly 38% of the Flemish

students who enter a bachelorés program grad



fall far below the average of 41% across OECD coun{fdsCD, 2016) there is room for
improvement as failing a year of higher education carries a high cost. Parents and students not
only need to pay the tuition fee and other stuelgted costs sih as transport, housing, food,

and study material but they also suffer a loss of income compared to when the student would
have entered the labor market. The government and the higher education institution also bear a
high financial cost. In Belgium, tH2011 public expenditure per tertiary education student was
11, 5(RBUROGSTAT, 2017and recent OECHlata(2016)shows that a Belgian student costs

a higher education institution15,911 USD per year.

Butthere is also a high personal cost. Students who perform badly have a higher risk of
dropping out of tertiary education which in turn has individual, economic and social
consequence®eople with lower educational attainment generally have worse heealtlesa
socially engaged, have lower life satisfaction, lower employment rates and lower relative
earningg OECD, 2016)

Thus, the cost of failing in higher education is high for parents, stsidestitutions
and the governmer(Declercq & Verboven, 2010which makes it very relevant to try to
Improve success rates.

The Necessity to Develop a Tool

In sum, theorgankationof education in Flanders guarantedaidy unrestricted access
to higher educationVloreover, there is a policy of higjovernment fundingnd low tuition
fees(Kelchtermans & Verboven, 20Q8yhich are typicallyb e | o wO/yéat. THds system is
assumed to guarantee socially fair access and to improve participation of economically
disadvantaged groups in higher education, but the open entrance implies that the first year of
uni versity is typica@ahlygy Basfidemenstoatgeaby

students pass all courses during the first year of studying and is in line with international



findings: graduation rates in open admission systems are typically lower (32% on average in
comparison to thaternational average of 37.13%)icGrath et al., 2014)

Oppedisano (20Q%ypothesized that the combinationagenadmission policiesind
low tuition feesinvitesyoung people t@xperiment with academic studid® discourage this
trial and error choice behavior, she proposgetwide students with better informationoaib
their prospects faguccessThis recommendation is acclaimed by many others suklt@sath
et al. (2014pndVossensteyn et al. (2019)hey posit that supplying accurate information prior
to enrolment improves the ability to selettitable study routes. MoreovevicGrath et al.
(2014) suggest that strengthening the -preversity orientatiorprocess carncrease social
equadity in higher education. This may well be the case as it are often socially vulnerable groups
that lack the information to make a realistic educational program choice or to enroll in tertiary
educationMdiller, 2014; OECD, 2003)
Study choice process: choice theory

But what type of information do prospective students require? In 1909 already, Parsons
(as cited in Brown, 2002, p.5et forh the three fundamental factors in making a wise
vocational choice: (1) a clear understanding of &k (abilities, interests, ambitions); (2) a
knowledge of the requirements of teavironment(conditions of success, advantages and
disadvantages, prosgs); (3) true reasoning on thelations of these twgroups of facts.

Since then, this idea glersonenvironment fi{fDawis, 2004; Holland, 198%)as been
the fundament of career choice theories such as the theory of circumsdiiptittinedson,
1981, 1996)mnd career construction thediyavickas, 2006)The underlying rationale is that
students who make a realistic choice will perform better. Relseadeed suggests that
congruence between person and environment is related to higher levels of educational stability,
satisfaction, performance, and persistence of higher education st(deldiman, Smart, &

Ethington, 1999; Nye, Su, Rounds, & Drasgow, 2012)



As a result, career choice thetsi stress that an optimal career choice process is
conditional on the exploration of both the self and the environniaetresearch on the stages
of career decision making suggests that irttligis should begin with a broad exploration of
talents and interests, continuing with the crystallization of a narrower set of specific career
options, and culminating in concrete choices about jobs and céFeddsman & Whitcomb,
2005). Gati and Asher (200 p. 142)for example,presenéd a 3stage modefor career
decisionmaking processs which includes:1j A prescreening opotentially relevant career
alternatives, based on the individual's preferentcekcate a manageable setaltiernatives
that deserve further exploratipn(2) In-depth exploration ofthe promising alternatives
(including an examination ahe pssibility of actualizing them); and)Y Comparison and
choice of the most suitable alternative

The quality of his study choice procsss importanfor subsequent acadenaatcomes
Germeijs and Verschueren (2003) example, found thdtigher levels of seléxplorationand
in-depth exploration of the environmeattthe end oSecondary educatiomere beneficial for
academic adjustment and commitment to the satdlye beginning of higher education
Study choice process: choice reality

Although career theorists agree on this importance of the edeesion making
process in general and the exploration of the self and the environment more specifically,
findingson how prospective students actually accomplish their choice are discourdwrgy. T
stage model above describes the optimal way of making career choices but the reality of how
people actually decide is ofteatherdifferent(Pitz & Harren, 198Q0)

For example Wessel, Ryan, and Oswald (200®@und that theperceived and the
objective fit between college students and their major bore little relation to one amother (
.05). They hypothesized thtltis results from the lack of understanding of teelwes or their

environment (or both) when choosing a colleggor. Consequently, students may believe their



interests match certain majors, but their perceptions of those majors, or their perceptions of
themselves, differ from the actual person and environnsemtlarly, Grotevant and Durrett
(1980)establishedhat the occupatial knowledge of high school stants was very limited.

They were especially lackingccurae knowledge of the education@quirements of careers

they wished teenter, and knowledge of tlvecational interests predominantly associated with
their occupationathoicesMore recently and specifically for Flande¥&n Daal et al. (2013,
p.54)found that Flemish secondary educatiamsnts.even barely three months prior to the
start of higher education, had only spent a limited amount of time on exploring their own
options and on their choice of study.

Thus, it seems especially appropriate to facilitate informed decision processes in
prospective students as thess ensure stronger retention and higher graduation fdtess.
requiresvalid and contexspecific instruments to aid prospective students in making an
informed choice. Unfortunatelyntil the start of the current projew such todwereavailable
in Flanders.

This dissertations aimed atlescribingthe constructiorand validationof an internet
based selhssessment tool, SIMON (Study capacities and Interest MONibait) supportsra
optimal study choic®y generatindionest and valid feedback on both personal attributes and
the match witheducational possibilitieim Flanders.

Components and development process of SIMON

When providing information on the match between a person (prospective study) and the
environment gtudy program), two important personal attributes/e been identified as
important interests ang@ompetencies (skills and abilitied)heseattributescorrespond to the

two main questiongoung people asthemselvesvhen going througlthe arduous processf

selecting a suitablet udy pr ogr am: (1) Awhaitwidd Il vweaentab

succeed?0.



The first question concerns the fit between interests and study progtansaingoal
in the provision of information on interestavironment it is to encouragemaximal
exploration of (relevant) study options. Previous research has demonstratedutieatt
decision makers typically piakitial, intuitively derived chaes,and then fail to give serious
consideration to other options later metprocesgFeldman & Whitcomb, 2005; Krieshok,

Black, & McKay, 2009) Therefore, by givingprospective students a list of matching programs
based on their personal interests, it is our ambition to broaden their perception of viable options.

The second question pertains to the fit between personal skills and abilities and the study
program envionment. Feldman and Whitcomb (2005) found thautdesof information on the
match between abilities and the environment was effective in reducing the set of feasible career
alternativesThus, whereas the interests component intends to broaden the btoces, the
assessment of competencies is aimed at narrowing them down.

The development of SIMON is centered around these two components. Following the
particularities of the Flemish educational system (as described above), both components are
tailored tothis specific context.

Interests

Contents.

The firstcomponent of this dissertatipne r t ai ns t o t haedtheextentent s 6
to which thesare aligned with particular study prograntup till now, there is a lack of valid
instruments thdinkst udent s6 i nterests to thenFawas. | abl e
Therefore, a first important focus is the development of a ceppeedific interest assessment
tool and feedback module (the SIMON Interest inventory: SIMPNBecause of the
comparably high prevalence of tertiatype B enrollment in Flanderdjis contextspecificity
especially implies the incorporation of a means to discriminate between interests in the

vocational versus interests in the academic track.

10



Conceptual framework.

In designing SIMONI, we usedH o | | #189F)RIASEC interest model gaaxonomic
framework which isthe most influential model of vocational choice mak{Bgown, 2002,
p6.Centr al I n Holl andbs theory is the assumpt
described in terms of their similarityitw six different personality and environment types,

Realistic, Investigative, Artistic, Social, Enterprising, and Conventionala(ftescription of

these types, see Nye et al., 201Phe theory postulates that students choose academic
environmentscompatible with their personality types and turn, academic environments

reward different patterns of student abilities and inter&¥tsen applied to study program
environments, this implies that Artistic study programs attract and are dominatedigig Ar
personality types, whereas Social study prog
assumes thataisfaction andachievement of people is a function of the congruence or fit
between their personality type and their environnjeakdman et al., 1999)

Foll owing Holl andods t-hikwasimpeiative tc aharasterizeu ct i n
both person and environment in terms of RIASEC types. On the person side, this implied the
construction of an interestinvemty t hat all ows to capture resftg
the underlying RIASEC structure. On the environment side this required the description of all
included study programs in terms of RIASEC dimensions, which can beudorgifferent
proceduresin the construction of SIMON, two main methods were and are being usiee:
judgment metho@ndthe incumbent methofsee, Rounds, Smith, Hubert, Lewis, & Rivkin,

1999) Thejudgment method relies upon the direct rating of occupations by judgegerts
whereas the incumbemnplies the use of the empirically established scores per program to
refine the profiles generated by experts. When applying these procedures, each study program
environment receives a RIASEC code which allows for matching between the person

(prospective student) and the environment (study programs).

11



Data collection.

Thedevelpmentprocess of SIMON started in 2012 by constructing a valid inventory
to assess the personal interests of prospective students. As we describe in chapter 3, several
versions of this inventory preceded the one that is now used. To adequately claartuteri
environment of study programs, we started off with an expert coding (judgement method) of
al | programs, but from th@l3%prgabagcohl egt ( a
to allow the application of more empirical methods such asintiembent method. This
collection encompassed the assessment of interests of successful students across all study
programs as we describe in chapter 3. Since then, a new wave of data is collected each year and
up till now our dataset consists of 13,535daésponses across the 5auerating institutions,
which allows us to refine the study program interest profiles.
Competencies

Contents.

The secondcomponentoncerns the match between the individual skills and abilities
on the one handnd study progra requirements on the othefhis necessitates assessing
relevant personal attributes and linking these to study programs. As SIMON intends to inform
potential students on their prospects for success, the focus lies on the predictive validity for
academicachievement. In the past, the prediction of academic success has relied heavily on
cognitive factors. Still, during the last decades, researchers have evidenced the importance of
norcognitive factors as wellsee e.g., Credé & Kuncel, 2008; Lipnevich & Roberts, 2012;
Poropat, 2009; Robbins et al., 200@herefore, in constructing SIMON we took into account
the predictive validity of both cognitive and noagnitive variables. Because it is likely that
different study programs require different (levels of) skills and abilities, we also investigate the
importance of making prograspecific predictionsAlthough this SMON-Competencies part

(SIMON-C) also bearsasemblance to hightakes selection and admission tests, it does differ

12



fundamentally. As opposed to these types of tests that often try to identify excellent students,
SIMON intends to identify students who almost certalatk the necessary skills togsatheir

first year of higher educationThis aligns with the open access policy in Flanders.
Consequentially, the focus is on the assessment of very basic abilities and on a high prediction
accuracy, especially limiting false negative advice: only a small grostudéntshouldget a

clear warningthat a program is unattainable, but this prediction should be very accurate and it
should indicate that a student almost certainly lacks the very basic skills that are necessary to
succeed in the first year of higher education. Studentsmight beable to passhould get the

benefit of doubt and shouftbt bediscouragedMoreover, as opposed to higtakes selection

tests, the results of SIMON are not binding. Their primary aim is to raise awareness on the
accordance of t he es (ardliinterests) with sh@ decnandspad higherc i
education programs. As such, it aims to support an optimal, but free, choice of study program.

Data collection.

The project started off in the academic year 20Q@12 when the basic mathematics test
(described in chapter 3) was first administeirethe faculty of Psychology and Educational
Sciences of Ghent University a sample of 502 studenit the end of thigyear, it became
apparent that this basic test was predictive of academic achievement and it was decided to
examine whether it could be expanded and transferred to other study programs. First, a thorough
review of the literature on academic achievement wadertaken which resulted in the
selection of a variety of factors and tests that had shown to be predictive for student success.
An overview of the sample size and the included study programs and tests for each cohort is
provided in Table 1. These testere first administered during the academic year Z13
in a sample of studentdN(= 532) restricted to the faculty of Psychology and Educational
Sciences. New incoming students were tested at the start of the academic year and their test

scores were tated to their enaf-year study results with the aim of validating program
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specific predictive models that could be used to advise prospective students. Results of this pilot
year were promising and from then on the project developed progressively Heracatlemic
yeardo 164 3onwards more and more facul i{Cwlkich wer e
implied the inclusion of an increasing amount of study programs and respondents. In response
to this expansion, the number of included tests was alsedr&éo incorporate the assessment of

more prograrrspecific knowledge on subjects such as chemistry or physics (see Table 1).

In 2015, the board of Ghent University decided to oblige new incoming first year
students to fill out SIMOMNC. As aresult,theseponse rate in -6h6é racadd
to 81.2% of all incoming students (see Table 1).

Apart from Ghent University, other institutions also collaborated in collecting data for
SIMON. A total of 6045 students completed SIMGGIin Artevelde Uniersity College (data
coll ect el d roomwadrldbs), Uni ver 5iltey oQomMalrage , GHler
Coll ege West Fbafdemswaf(tispmadad5 Free Univer s
academi c-6 y@lar DHBs-C comporentBdwbli€sNon a sample of 22,008
students across all involved institutions, and data is continuously gathered and used to further
perfect, develop and validate the instruments.

Procedure: prediction of academic success.

Validating the prediction of academic success requires the tracking of prospective
students from prenroliment until they finish their first year of higher education. Ideally,
student sd skill s anlefora bnrollimernt and thesewmuid bd related toa s s e
academic achievement after the first year of higher education. Yet, this method poses practical,
methodological and legal problems. For example, response rates would probably drop
dramatically between prerrollment assessment and the end of the first year of higher
education. Also, as it is legally very difficult to access study results of students in other higher

education institutions, this would force us to work with-sefforted achievement measures.
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Table 10verview of the data collection process for SIM@Nat Ghent University

Academic year Components Facultie$ N Response rate
11-12 Basic mathematics test: chapter 3 L; PE; PS 502 90.2
12-13 Previous + Vocabulary knowledge: LextaleReading PE 532 93.4

comprehension: SweSAF Motivation: SR@+ Self
efficacy: CASES+ Metacognition: MAf + Test anxiety:

CTAY
1314 Previous + Seitontrol: SC8 + Grit: GRIT-shorf AL; L; MH; PE; PS; VM 1351 42.4
14-15 Previous + stronger mathematics test: Newly develope( AL; BE; EA; EB; L; MH; PE; 3343 59.4
PH; PS; VM
1516 Previous + Chemistry: Newly developed + Physics: Ne All = AL; BE; EA; EB; L; MH; 5290 81.2
developed + Conscientiousness: PEPI PE; PH; PS; S; VM
16-17 Previous + Reasoning ability: Newly developed All = AL; BE; EA; EB; L; MH; 4945 73
PE; PH; PS; S; VM
TOTAL 15,963

LAL: Arts and Literature; BE: Bi@ngineering; EA: Engineering and Architecture; EB: Economics and Business Administration; L: Law; MH:
Medicine and Health Sciences; PE: Psychology and Educational Sciences; PH: Pharmaceutical Sciences; PS: PolitiablSaieh&ex; S:
Sciences; VM: Veterinary Medicine

2 Lemhofer and Broersma (2012BweSAT (2011) Vansteenkiste, Sierens, Soenens, Luyckx, and Lens (2008@3n and Froman (1988)
Schraw and Dennison (1994 assady (2004 Tangney, Baumeister, and Boone (200Buckworth and Quinn (2009YDe Fruyt and Rolland
(2010)
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To counter these issues, we tracked newly enrolled students by assessing skills and
abilities at the very start of the academic year. As such, the responses resemble those of a
population of prospective students. This approattwal us to use real study achievement
measures, which are collected from the institutional database at the end of the academic year.

To estimate the chance of success in SIM@8Iuse recursive feature elimination and
crossvalidation. This procedures ampplied for each study program separately, thus generating
programspecific chances of success. First, the dataset is split into a 75% training set and a
testing set containing 25% of the dathe training set is used for model selectiorebgluaing
the predictive power okexplanatory factors foachievementn the first academic yeafmhe
testing set is used to measure how well the model performs at making predictions in a different
sample. Model selection occurs by applymegursive feature eliminatioto the taining set.
Recursive feature eliminatiois a logistic regression that follows the backward stepwise
procedure and is embedded in &dld cross validation. Crossvalidationis performed on 10
subsets ands repeated 3 time3his analysis showhow many and what variables should be
included in the modelClassification success of the model is usually evaluated using a cut
score of .50. Yet, this does not serve our aim. SIMON intends to classify (prospective) students
in three groups, which regas the selection of two different esitores. Therefore, we are in
search of one cuscore that allows us to identify students at risk of failure, without wrongfully
classifying passing students and secondly, we look for anothecaré that identifiestudents
with a high probability of passing. Currently, a sensitivity value of 95% (for the low chance
group) and of 70% (for the high chance group) are selected. This means that we allew a fall
out of 5% in the low chance group and of 30% in the higmobagroup. Thus, the threshold
for high probability of passing is more relaxed because students may have all the required
prerequisites to pass but still fail because of situational, emotional or behavioral impediments

during their first academic year. A&ftthe model and the catores are established, this model
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is evaluated using crosmlidation. Parameter estimates of the logistic regression model are
forced onto the testing sample and the diagnostic values of the model are evaluated for the low
and tle high chance groups. If, again, we find a sensitivity of 95% in theckamces group
and 70% in the higlshances group, the model and the identifiedscotres are retained. Thus,
in the application of SIMON, a low chance of passing means that the despdras a 95% of
failing and a high chance of passing indicates a 70% chance of passing. Respondents wo do not
fall within these two groups are <classifiec
prediction of passing is difficult.
Feedback

As statedabove, from 2019nwards the board of Ghent University obliged students to
fill -out SIMONC. This decision was based on the recognition that the data collected for the
validation of SIMON could also be beneficial for the identification of newly enrotigdesits
that were at risk of failing their first academic year. Together with this decisiorepadiment
SIMON was born. For the very first time, newly enrolled students who participated in SIMON
C received a personalized feedback refdrtis, althogh the main target audience of SIMON
are potential students on the verge of making a career choice at the end of secondary education,
the availability of validation data offers advantages for students who are enrolled too. SIMON
may allow students who asedready enrolled to get an idea of their starting position in higher
education. As such, the SIMON information can also be used to activate enrolled students who
have a high likelihood of failing their first year. When identified, these students can get
information on remedial activities that might increase their chances of success. If students make
use of this information, SIMON can also alleviate student success and retentien post
enroliment.

This brings us to antrd general component in the current digation: giving feedback.

Even when the instrument gives feedback on the match of interests and capacities with specific

17



study programs, the question remains whether (prospective) students are activated by the
feedback they receive. If they are not, th&iument does not support the study choice process
and is not able to increase higher education success and retengitfativh requires
evaluation of how test results are us@duijnhouwer, Prins, & Stoking, 2012)This
consequential validitys an importat aspect of construct validitgMessick, 199Q) And
although his type of validityis indispensablesurprisinglyfew studies addresdthe issue of
the action behaviors that result from test rep@Hasattie, 2009) The currentissertation also
contains an investigation abdutw SIMON test results are used.

Overview of the Current Dissertation

The sum of the three components (interests, etemgies and feedback) leads up to
SIMON as an orientation instrument. How these specific topics are examined and implemented
is detailed in the following chapters.

In chapter2, we present an overview of how the research results were implemented as
practcal tools that aid (prospective) students in their process of choosing a higher education
study program. W alsoelaborateon the technical features of SIMON by providing criterion
validity evidence and by examining test fairness issues.

Interests: SIMON-

In chapter3, the development, initial validation and practical value of the SIMON
Interest tool (SIMON) for secondary education students who are in the process of choosing a
higher education program is describ&MON-I iI's based on SEOradel Hol |
(Holland, 1997but al so i ntroduaek &aa0alo&adsdimimes al |
betweeninterestin academic versus vocational programs across and within fields of study.
sample of P62 students is used to evaluate structural validity of the measuvath an
additional focus on gssible gender differences in item functioning (i.e., differential item

functioning) and in structural validity:he criterion validity of the newly proposed Academic
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track scale is addressed atiee usefulness and face validity the SIMONI output are
examinedSpecial attention is also given to the feedback module of the tool.
Capacities SIMON-C

In chapter 4, the predictive validity of a test of basic mathematical skills is examined.
This newly developed test is easy to administer and is aimed at identifying students who lack
the very basic, but necessary skills to successfaklg on an introddory statistics course in
an academic bachelor progradecause of the heterogeneity of new inconstugients and the
lack of standardized testing in the Flemish education system, thisumelséespecially helful
in identifying atrisk studentsWe exanme not onlywhetherthis test canpredict academic
achievement in gtatisticscourseover and aboveecondary educatiodmackground but also
whether the test can predict overall fiystar achievement

In chapter 5, a study that assesses the relevainaebroader range of variables is
discussed. Instead of focusing solely on mathematical (or cognitive) skills and background
factors, the nofrognitive factors of personalitgeli-efficacy, motivation, metacognition and
test anxietyare also taken intacaount. As such, we evaluate the incremegnmtadlictive validity
for tertiary academic achievemeattthis broadrange ofvariables in a large sample of students
(N =2,391). Moreover, we examiniae differential predictive validity of these variables asro
different tertiary education programs. If there afisciplinary differences in the predictive
power of variablesprospective students would benefit from the opportunity to evaluate their
personal skills with reference to specific fields of study gsosed to receiving generalized
feedback on their compentence level.
Feedback

In chapter 6ywe examine the effect wéceivingnegative attainability feedback on career
goal management. Can negative attainability feedback encost@dgnts to disengageofn

an unattainableareer goal at the start of the university trajectory? How do students react to
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negative attainability feedback (as opposed to positive attainability feedback): by doubling their
effort (as proposed by control theory) or by exploringeotbptions (as suggested in social
cognitive theories)? And are these management strategies mediateedbfycsedf/, motivation
and the perceived accuracy of feedbatk@ more descriptive levale evaluate to what extent
students who receive negatiggainability feedback are activated by their feedback report (by
putting in more effort for their studies, by participating in guidance activities or by considering
to change majors).

Finally, the geeral conclusions are presented in chapter 7. The obséadings are
synthesized in light of nactical implications Directions for future researcind for further

development of SIMON are also addressed
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Chapter 2: Technical manual: Practical implementation and criterion validity

Abstract

We start this chapter with a general description of practical implementation of the
instruments. Next, we provide validation evidence for SIMON. InféHewing chapters, we
will describe the basic principles and procedure of the development of SIM&@Nas more
data is available each year, these principles have been and continue to be applied in larger
samples of students. To fully understand ourrésfto substantiate SIMON as a scientifically
valid instrument to aid the choice of a higher education study program, we provide the available
criterion validity information of SIMON and SIMONC in the current chapter. We also
elaborate on the importaigsue of test bias. More specifically, we evaluate test fairness with
regards to gender, Soekieconomic Status (SES) and respondents with a different language

background.
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Description and use of the instruments
The main goal of this dissertation wasctmstruct and substantiate an instrument that
is ready for use for prospective students on the verge of choosing a study program. Moreover,
apart from the instrument for this initial target group, SIMON is now also implemented post
enrollmentBoth practi@al applications are described in what follows.
SIMON Pre-Enroliment

SIMON is freely available for all users through the websitev.vraaghetaansimon.be

Users first make a personal profile in order to presawsaessibility of their results. When
accessing the platform, they are free to decide what component they start with. Prospects who
are uncertain about what program to choose usually start with SIMO$&rs who know what
programs they are interested it lare in need of information on their chances of success, can
start with SIMONC. Thus, because of the separate components and because the personal
results are saved, prospective students can use ars# I8IMON at any point during their

study choice preess.

When completing the interest inventory, respondents receive their personal interests
profile which consists of a graphical representation of the scores on the RIASEC dimensions
and on the Academic scale (see Figure 1) together with a descriptianhobethese scales.

They can now also explore what programs match their personal interests. Users are allowed to
retake the inventory whenever they please. Yet, they can also manually adapt scores on each of
the dimensions after which the list of matchstgdy programs is adapted-tre-fly. This

feature was installed with the aim of letting users maximally explore educational programs and
their features.

SIMON-C consists of all the skills and ability tests that have previously been validated
(see Figure?). Tests that are green have already been completeecdditive tests can be

retaken at any time but cognitive test can only be retaken after 60 days. This limitation avoids
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conventionee analytisch
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Bekijk alle opleiding volgens jouw interesses

of Do

ondernemend

Je bent eerder academisch georiénteerd.

Overweeg je een professionele opleiding, weet dan dat volgende taken minder aan bod komen in deze opleidingen: analyseren en interpreteren van
onderzoeksresultaten; lezen van teksten met formules, berekeningen en tabellen; lezen van Engelstalige wetenschappelijke artikels; zelf logisch

gestructureerde teksten schrijven; bronnen opzoeken om ideeen te onderbouwen; eigen onderzoek opzetten, uitvoeren en evalueren...

Academisch Professioneel
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Figure 1.Screenshot of the output of SIMGNUsers receive a graphical representation of
their scores on the RIASEC dimensions and on the Academic scale.
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Fig. 2. Screenshot of the overview of SIMGBItests.
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users to keep retaking the test until they reachagimml score, which would of course bias

their prediction of success. When a test has been filled out, users first receive an explanation of
why this skill is important in higher education. For example, the vocabulary knowledge test
result startswiththet at ement Al n higher education you a
and ideas in an comprehensible way, for example when taking an exam, when writing a paper

or when giving a presentation. This requires you to master a certain level of language skills
This test assesses your vocabul ary knowl edc
information on the position of their score in relation to other prospective students. This
information is shown both in numbers and through a graphical represerfsagoRigure 3).

S i m L n Favorieten If Log uit

Resultaat Basisvaardigheden wiskunde

Wiskundige basisvaardigheden zijn een absolute noodzaak in heel wat opleidingen in het hoger onderwijs. Vanaf de eerste bachelor krijg je in veel opleidingen
wakken zoals ‘Statistiek’ en ‘Methodologie. Deze opleidingsonderdelen zijn nodig om op een wetenschappelijke manier te kijken naar de fenomenen die je zal
bestuderen. Om die vakken te volgen heb je in principe geen extra voorkennis nodig. Tochis het belangrijk dat je elementaire wiskundige bewerkingen kunt uitvoeren
en inzicht hebt in wiskundige redeneringen. Deze test gaat na of je deze basis onder de knie hebt.

Bekijk alle opleiding volgens jouw resultaat
Do ophieuw

=

Slaagkansen

Jouw resultaat

Basisvaardigheden wiskunde 20/20

Hoe hoger je scoort, hoe meer je de basisvaardigheden wiskunde onder
de knie hebt. De gemiddelde score voor deze test is 15,9/20

» Mijnscoreis 20 0p 20.

» Het gemiddelde is 15,9 op 20.

s 25%wvan de studiekiezers scoort 14 of minder op 20.
= 25%van de studiekiezers scoort 18 of meer op 20.

GEMIDDELDE
SCORE

5

De middelste van de studiekiezers

Fig. 3. Screenshot of the output of the SIM@Nbasic mathematics test. Users receive an
explanation of why this skill is important in higher education and they get their personal score
and information on their score in relation to othsers of the tool. This information is shown

in numbers and through a graphical representation.

The results of SIMON and SIMONC ar e i ntegrated in the 06s

This page shows the user all included study programs and the match @irtdgraens with the
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personal interests and competencies. This match is expressed by a basic color code. Green
indicates a good matdine., SIMONI: the program matches one of the permutations of the
three highest RIASEC scores; for SIM@N a high chancefgassing as validated using the
procedure described in chapter gd indicates there is no good matck., SIMONI: the

program matches one of the permutations of the three lowest RIASEC scores; -SIM@N

chance of passingnd orange means thesednly amoderate match (i.e., all other programs).
Because the list is quite extended (155 study programs are included), users can rank the
programs according to their match with interests, their match with their competencies, the
nature of the prograifacademic versus vocational) or all of these together.

To help the user in making a short [|ist
box and decide to only view their favorites. An example of such a short list with information
on the match with interests and competencies is shown in Figure 4.

When cicking on a specific program in the list, the users get program details page (see
Figure 5).This page includes more information on the chances of success, and also a graphical
representation of the interests of successful students in this prograns ddmsplemented by
the usersod personal RIASEC graph which all ow
do (or do not) correspond to the study program environment. Users also see what institutions
organize the program and when clicking on the Idgey get redirected to the institutional
program page which offers al/l i nformation on

Users can also download or print their results (test scores and programs with information
on their match to personal intereatsl competencies) in a report card.

Thus, SIMON is currently operational. Still, in constructing the instrument, possibilities
for further expansion were incorporated. Components, tests, study programs and institutions
can be added if wanted and vateld Each year the instrument is updated based on the data

that was collected during the previous academic year.
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.
SI m L) n Favorieten If Loguit

Mijn favorieten
MUN
OPLEIDING & AFSTUDEERRICHTING FAVORIETEN TYPE INTERESSE SLAAGKANS
Afrikaanse talen en culturen v Academisch Grote interesse Grote slaagkans
Bedrijfsmanagement v . o
. Professioneel Matige interesse
Accountancy-Fiscaliteit
Diergeneeskunde v Academisch Matige interesse @ Kieine slaagkans
Oosterse talen en culturen (Japan| v Academisch Grote interesse Grote slaagkans
Pedagogische Wetenschappen L") . . .
) Academisch Grote interesse Matige slaagkans
Orthopedagogiek
Politieke Wetenschappen v Academisch Grote interesse @ Kieine slaagkans
Psychologie
N v Academisch Grote interesse Matige slaagkans
Klinische psychologie
Taal- en letterkunde v Academisch Grote interesse Grote slaagkans
[ ische weter v Academisch Matige interesse @ Kieine slaagkans

Fig. 4. Screenshot of SIMON (prenrollment) in which the respondent has indicated he/she
only wanted to see his favorite study programs. firsecolumn shows the name of the study
program; the third showed whether this is a professional (vocational) or academic program; The
fourth column shows the match between the respondents interests and the program (green: great
interest, red: no interesorange: moderate interest); and the last column shows the personal
chance of success (green: high chance, red: low chance, orange: moderate chance/difficult to
make predictions)

simen Favorletsn &1 43 Loguit

& Terug naar overz
Detail van een opleiding

Opleidingen Verpleegkunde

Informatie opleiding Inonderstaande instellingen kan je deze opleiding volgen.
Opleiding: Verpleegkunde
S howest
Type: Professioneel Ho ent artevelden,
HoGent Arteveldehogeschool HoWest

Interesses Slaagkans

Grote interesse

interesses opleiding Mijninteresses

Fig. 5. Screenshot of a study program details page in SIMON
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The websitavas launched in February of the year 2015 and during the first full school
year-6(L6)1L5it was used by 20,000 unique prospe
for the first time in higher edl6 atekeovan $ n F|I
Onderwijs en Vorming, 2016)These numbers demonstrate that prospective students were in
need of a valid instrument that helps them in choosing a higher education study program.

SIMON as pioneer of the Columbus project

As a result of the success of SIMON, the Flemish goventrhas decided to design a
tool with the similar aim of aiding prospective students in their study program choice. In 2016,
the Flemistso-c a | Cauchbudproject was launched. Whereas SIMON is limited to the co
operating institutions, the ambition of Columbus is to desigmstrument that contains all
study fields in Flanders$n doing so, several SIMOMhodules (such as SIMONand the basic
mathematicgest) have been included in the pilot and validation phase of Columbus, together
with language and neoognitive tests that had been developed at other research institutions.

The predictive validity of Columbus for academic and vocational programs ataosers is
currently being investigated.hus, apart from being a reaeg-use instrumentSIMON has
also played a pioneering role tine development of an instrument that may be applicable for
prospective students across the Flemish region.

SIMON Post-Enrollment

A second practical vemrbliment fen€tionSNeMevirolleds it s
students at Ghent University are invited to complete SIMON at the start of each academic year.
Since the ac@demimgaryteiaai pPdtsi megultsintaypersomalized r e c e
feedback repolfsee the appendix in chapéfor an excerpt of an example repdhjee weeks
into the academic yearhis feedback report consists of three important pieces of information:

1. A personal chance of success (ifdated following the principles described in chagdtend

5), 2. A personal score on each of the included tests together with information on the position
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of the score in the cohort of students in the study program, and 3. For each of the assessed skills
and abilities an overview of remedial activities that could improve the competency concerned.
Interventions at both the central and the faculty level of the universitycluded.

Since the introduction of this application in 2015, 10,224 newly enrsliedents at
Ghent University have received a personalized feedback report, of whom 7,612 got a personal
chance of success for the study program they enrolled in-eRodtment SIMON was
specifically designed to identify students who lack the basic presiggs and are thus at risk
of failure. The feedback reports provide these students with a clear warning and give concrete
and workable advice on how students can improve their skills and abilities. As we will
demonstrate in chapter 6 and below, thesertemlo not fall short of their goal. They stimulate
goal management strategies in studertech can in turnmprove their academic success and
retention.

General features and criterion validity
Interests

The main goal of the SIMON interest inventory ateloutput was to maximize the
exploration of (relevant) study options. In doing so, it was imperative that StMfMés valid
study advice and secondly, that it supplies the user with a manageable list of matching study
options which broadens their vieand encourages the-depth exploration of viable options.

The initial validation of SIMON will be described in chapter 3. Yet, our continuous data
gathering allowed us to further evaluate whether SIM®eets this goal.

The assessment of whether SIM@MNan identify personally relevant study program
options, can be accompl i s h¥id maasuiexpesseshwiat ¢ o n c ¢
percentage gbeople in a given group would have been referred to that group by their interest
scores.This approah involves classifying eacbuccessful studemtnt o one of Hol |

types on the basis dlfieir study programA studentis counted as a hit if his or hharghest

32



RIASEC scorematcheghe first RIASEC letter ohis or herstudy programThus, a studs
studying Social work (a predominantlygBogram) would be counted as a hit if his or her
highest average score was on thsc8le.If 50 out of 100 students wouldbtain highpoint

codes on scales that agree with tisturdy programthe hit rate woulde 50%. This approach
provides quantitative evidence of validity based on the predominant interests of criterion groups
(ACT, 2009) When unweighted hit rates are used with Hollsype criterion groups, the
chance hit rate equals 17% (1L/ACT, 2009) At present, this SIMON first letter code
agreement is 60.9¢N = 5,883) This is considerably higher than the 17% hit rate expected by
chance and exceeds findings from widely used interest inventories such as the ACT interest
inventory(i.e., values ranging between 31 and 55%, UNIACT, 20@6jvever, the SIMON
matching algorithm and output is not limited to a first letter agreement. Following guidelines
by Rosen, Holmberg, and Holland (198BIMON-I generates a list of matching programs
based omall of the permutations of thpersonal RIASE@ode.For example, when a respondent

has S,E, and C as highest scores, all SE, SC, ES, EC and CE study programs are offered as a
good match. Thiprovidesthe greatest opportunity for successful exploraticstudy programs

as no individual resembles only a single tygsing this algorithm, 0 average 86.2% of the
successful students across 4 participating institutibhs @,227) would receive the study
program that they are enrolled in as suggestion based on SIMGNMding a 100%
correspondence would be highly unlikely as interests theesealre not 100% stable. In their
metaanalysis on the stability of interestgyw, Yoon, Roberts, and Rounds (206&)nd that

the estimated population correlation of interests at college ag&l(28ears) was .67. Stability
wasal® | ower ()} = .-15.8yearg Which istee typicakageoFfemidh&tudents
are required to choose their study program. As a result of these fluctuations, it is not unusual
that a fraction of students graduate from a study program that does does no longer

correspond to their personal interests. Also, other studies showed lower percentages of
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correspondence between st ude Harrmgion (2006)&r e st
example, found that 76% of the students graduated a major congruent with their Career
decisionmaking system(CDM, Harrington & O'Shea, 19933cores. Considering these
findings, a correspondence of 86.2% can be considered good.

Another way of evaluating the congruence between RIASEC codes (for example
between individual and study program codes) is by usin@timelex (Brown & Gore, 1994).

This index will also be described thapter 3 andampaes RIASEC codebased on the
hexagonal distance between the letters. C ranges between 0 and 18, with higher scores
indicating higher congruence. C is symmetrically and normally distributed, with a theoretical
population mean of Becawse our study programs are assigned two letter codessel the

modified Gindex as proposed Hyggerth and Andrew (20067 his modified Cindex allows
compari®n between Holland code profiles of less than three letters in length and is obtained
by sequentially comparing the first and second letters in both cBdsslts showed thalée
agreement betweendividual codes andtudyprogram codes was significantligher than the

mean of 9 (C =4.34,t=110.92p < .001). In comparisoyessel et al. (2008pund a mean
correspondence of 10.48 (SD = 3.63) between
Strong Interest Inventory.

Thus, the results of these correspgence analyses support that SIMOBllows for
identification of personally relevant study program options.

A second question concerns the ability of SIMOfd broaden the view of users and to
stimulate them to further explore viable study options. A@a of secondary education
students{l = 315) was invited to evaluate this issue. 55.8% of the respondents said SIMON
helped them in their choice process and 55.4% indicated that SIMfDouraged them to
look into study options they had never even consideeéale. These numbers demont&that

SIMON-I does aid study program choice and thed@pth) exploration of options.
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Competencies

The aim of SIMONC was to provide users with a realistic appraisal of their chances of
success in a specific study program. As explained in chapter 1, SiM&décifically intends
to identify students who almost certainfck the necessary skills to paseir first year of
higher educationThus, the focus was on a high prediction accuracy in thertgghgroup,
limiting false negative advice: only a small grouptfdents gsta clear warninghat a program
IS unattainable, but this prediction shoukl\ery accurate. As success predictions in SIMON
are programspecific it is extremely difficult to give a proper estimate of thenber of
secondary education users that gets a negative advice (i.e., a low chance of passing). Yet, the
available data of nely enrolling students at Ghent University € 8,653) showed that 10%
received a low chance of passing for the program they enrolled in. Eventually, only 6% of them
passed their first year. These students obtained on average 41% of their ECTS creafitaalHist
data showed that this corresponds to a chance of attaining the degree in 4 years (timely
graduation of 3 years + 1 extra year) of 1.5%. In comparison, 70% of the students with a high
SIMON-C chance actually passed. These students obtained on a8&eagef their ECTS

credits, which corresponds to a chance of attaining the degree in 4 years of 85% (see Table 1).

Table 1 Ghent University studentsc a d e mi ¢ - dyle3a rtsh rodluP@ bk 8653) 5
study results by SIMOMN predicted chance gissing

SIMON-C chance Accuracy Average % ECTS Average chance of obtainin
of passing (% passing) credits obtained the degree (in 4 years)
Low 4% 41% 1.5%

Average 40% 68% 36%

High 70% 87% 85%

Postenrollment SIMON: Feedback reports
To evaluate the effects of the p@strollment feedback reports, 6,649 newly enrolled

students were invited to complete a questionnaire in November23B6students started the
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questionnaire and 1,849 completeda7.8% of the newly enrolled studen8.4% of the
students who had received a report).

Results showed that a very high percentage of stud#h®&%,N = 1,983 actually read
the feedback report. The report was also well accepted: 77.5% found the feedback justified,
62.6% found it useful ah68% said they would recommend other students to complete SIMON.
54.2% of the total sample indicated that they were activated by the feedback report. Students
with a low chance of passing were activated the most (see Figure 6): 31% of them actively
partidpated in remedial activities, 28% said the report stimulated them to put more effort into

their studies and 10% had considered changing study programs.

Activated?

50 [_INothing

Active participation

Min remedial

activities

40 g Considered
changing program

EF’ut more effort into

= studies
T} 30
o
|
(1]
o 45%
43% 45%
209
3% (319
28% 27
107
10%
0
low average high

SIMON-C chance of success

Fig. 6 Effect of postenrollment feedback reports by SIMON predicted chance of success

When comparing the cohoolr5t (owh etnh en oa cfaedeednbi acc

sent out to st udentl6 (whemwihd finst cohore of stunldnts reteived f 6 1
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feedback reports), data showed that students who had a low chance of pas$siing drad
received feedback significantly more often (15%) changed study programs than students with
a low chance of passing who did not receive feedback (9%)}2(60,p = .01).

In sum, hese results show that the feedback reports do generatedhdeidteffect.
Students who receive a feedback report reflect upon their starting competencies and on their
match with the program they enrolled in. Especially students with a low chance of passing are
encouraged to think about other (more fitting) stucygpams or to take up remedial courses in
order to improve their chances of success.

Test bias and fairness

During the development of SIMON, we remained vigilant about bias against minority
groupsA biased test is one that systematically eeeunderestnates the value of the variable
itis intended to assess, for a specific group. If this bias occurs as a function of a cultural variable,
such as ethnicity or gender, cultural test bias is said to be p(Bsymolds & Ramsay, 2003)

To avoid this typeof bias in SIMON, we evaluated fairness with respect to three important
demographic variablessociceconomic status SES, gender and different language
background.

SES

First, it was important to evaluate the effect of SES on the SINIQiXedicted chance
of succesgSackett et al., 2012)Paralleling the procedure of the Flemish Department of
Education (Ministerie van Onderwijs en Vorming, 2012) to grant extra resources to schools
with a high level of children low in SES, we used twdicatoss of SES receiving a bursary
and having a mother who did not attain a secondary education qualification. Students who met
any of these criteria were categorized in the low SES group.

An important preliminary remark is that there were in fact significant diftea®mn

academic performance between low and high SES groups. Students with low SES attained a
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lower percentage of their ECTS credit$=57.5SD= 37.6)than other studen{8! = 66.3,SD
= 36.6) ((15854) =-12.6,p < .001). Students low in SES also padsggnificantly less often
(26.8%)than other studen{s 3 8 . 6 %)N=16844) = 1800p < .00]). As a result, it would
be plausible and perhaps even desirable that SIMON more often predicts a lower chance of
passing to students low in SES. Howeveewould not be fair to (dis)advantage any group by
disproportionally assigning low or high chances of passing. This fairness could be assessed by
evaluating within groups of students who pass on the one hand and students who do not pass
on the other whe#r students low in SES are more likely to receive a low or high chance of
passing.

Whenlooking at the group of students who passed, there was no significant relation
between the SIMON prediction of success and SES groapg N £ 3292) = .50,p =.78).
There was however a significant relation within the group of students who did n¢t pass ( 2 ,
N = 5361) = 8.3p =.02). Thus, students with low SES more often received a low chance of
passing, but this was justified on the basis of their lower perfa®&tudents low in SES did
not unjustlyreceive more negative advice than do other stud@&mtghe other hand, students
low in SES were more often (17.4%) correctly identified as being at risk of failure than students
who are not low in SES (14.3%). Thiseans that students low in SES more ofterrectly
received a warning that the study program of their choice was difficult to attain. In other words,
SIMON did not (dis)advantage students with low SESvbyngly giving low or high chances
of passing. YetSIMON did benefit low SES students bgrrectly signaling them that they
were at risk of failure. Thus, these low SES risk students are encouraged more often to
reconsider their program choice or to participate in remedial activities than other resktstud
This may be a leverage for social equality in higher education, an issue which is taken up further

in chapter 7.
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Gender

The samerocedure waspplied to gender. Men pased less frequently (32.5%) than
women ( 38. 4%) ,698)]-6134p,<.001). Men al$d obtada significantly lower
percentage of ECTS creditdM (= 60.3,SD = 37.9) than @l women (M = 67.4,SD = 36.1)
(t(15708) =-11.7,p < .001). ConsequentlySIMON more often gave a low chance of passing
to men(10.9%)than to womer{9.1%).

Yet, when singling out the students who passed, there was no significant relation
between the SIMON chance of passing and gefder] N £ 3282) = 1.1,p =.57). Neither
was there within the group of students who did not pass] N £ 5341) = 14, p =.49).In
other words: men more often received a low chance of passing, but this was justified on the
basis of their lower performance. Men did mebngly receive more negative advice than do
woman. On the other hand, men were not more @ittty identified as being at risk of failure
than women. Thus, the assessment was functioning similarly for men and women.

With regards to SIMON, it was important to address gender differences in interests.
Men and women are consistently found to differ inatmmal interests, with men scoring higher
on Realistic and Investigative interests and women favoring Artistic, Social and Conventional
activities and occupationsee e.g., Su, Rounds, & Armstrong, 200R)e debate as to why
men and women differ in their vocational interests is open, but $@ve suggested that these
differences are an artifact of test construction. Therefore, it was important to take into account
possible gender bias in the test construction phase. An important problem to address with
regards to gender fairness is thigedential functioningof items. Differential Item Functioning
(DIF) occurs when respondents from different groups (in this case men and women) show
differing probabilities of endorsing items after matching on the underlying trait that the item is
intended tomeasurgZumbo, 1999, p.12)For example, DIF would take place when women

who have the same underlying level oirfRerests as their male counterparts, would have a
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lower probability of endorsing a specific-iftm (a specific activity or occupation) less
frequently than these men. In this case, the item would show bias towards men as men would
be more likely to indicate they are interested in this specific activitycoupationWetzel,

Hell, and Passler (2012howed that item response theory (IRBsed DIF analyses were
useful to address this issue.

We applied such a proceduBdBTEST (Shealy & Stout, 1993jo the SIMONI items.
Results othe tests will be described in chapter 3 and show that 51% of the items showed bias.
Importantly, with 47.6% of the bias items favoring women and 52.4% favoring men, there was
no systematic bias against men or woman in any of the scales.

Different languagebackground

With regards to language background, four different groups were considered: students
with Dutch as native language (which is the language spoken in Flanders), students speaking
French (which is the language spoken in the southern region atiB¢)gtudents that speak a
different EU4language, and students speaking a differentEldilanguage at home.

Students speaking Dutch passed significantly more often (40.5%) than students
speaking French (27.4%), another EU language (20.6%) and anotHetdanguage (13.6%)

(6] , N(=30974) =131.21 p <.00)). There were also significant differences in petage
ECTS credits obtained between language gro#ig3, (L0507 = 7186, p< .001)). These
differences are shown in Table 2.

Within students who passed, there was no significant relation between the SIMON
predicted chance of success and language backg(euy@ N(= 3142 = 3.34 p =.77). This
means that the amount of students thieingly received a low chance of passing is similar

across language groups.
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Table 2 Differences in obtained ECTS credits between language background groups

N Mean SD
Dutch 9848 68,5 35,6
French 236 55,9 38,7
Other languag€EU) 121 49,1 39.0
Other languagénon-EU) 306 42,4 36,7
Totd 10511 67,3 36,1

Within the group of students who did not pass there was a significant relation between
the chance of success dadguage backgroun@ | N(=6,110) = 17.92p =.01). Students
speaking Dutch more often receiv@n average chance of success (83%) than students in any
of the other language groups (78%, 75.3% and 75.7% respejti8algents with a different
EU language more often receigdea high chance of passing (4.1% versus 2.9% for Dutch
speaking, 1.5% for French speaking and 2.2% for otheigtbtanguage speaking students).
Thus, although the differences are small, students speaking a different EU languagensere
often wrongly classified as having a high chance of passing. This may indicate that these
students master the basic skills to pass, but that they more often fail because of factors that are
not assessed in SIMON.

In sum, the current evidence showbdt SIMON does not (dis)advantage any groups
and can thus be considered as fair.

Conclusion

In this chapter, we described how our research results are practically implemented,
thereby demonstrating how the instrument can be used to aid (prospectivejsstndeeir
choice of a higher education study program. We also presented more validity evidence. Results
showed that SIMON can identify both personally relevant study options (SNQ@INd
students at risk of failure in their first year of higher edocatSIMON-C). Moreover, evidence

shows that SIMON did not exhibit bias towards specific (underrepresented) groups.
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Chapter 3: Exploring vocational and academic fields of study: Development and
validation of the Flemish SIMON Interest Inventory (SIMON-I)1
Abstract

A new, Hollandbased Interest Inventory is proposed, intended to facilitate the transition
from secondary to tertiary education. Specific interest items were designed to grasp activities
that are prevalent during tertiary studies, including an Acad#atk-scale to assist in the
choice between academic and vocatiesréénted programs. Interest profile descriptions are
complemented by a list of matching study programs. Data from 3,962 students were analyzed
to evaluate the underlying circumplex structuhe criterion validity of the Academitack-
scale and the study program RIASEC codes. It is concluded that the assessment and feedback

tools are promising instruments to facilitate the transition to tertiary education.

1 Fonteyne L., Wille, B., Duyck, W., & De Fruyt, F. (2016lExploring vocational and academic fields of study:
Development and validation of the Flemish SIMON Interest Inventory (SIN)OMternational Journal for
Educational and Vocational Guidan¢ Press)Advance online publicatiomoi:10.1007/s107 791693279
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Introduction

The Organisatiofor Economic Ceoperation and Development (OECD; 2013) reported
that 32% of tertiary students fail to graduate. In Flanders, the Bptedking part of Belgium
and the regional context for the present study, about 40% of university students succeed in
terminating all courses successfully during the first year of tertiary education. These trends are
alarming, even more so since first year performance is one of the best predictors of academic
retention(de Koning, Loyens, Rikers, Smeets, & van der Molen, 2012; Murtaugh, Burns, &
Schuster, 1999)

One of the critical aspects in preventing dmj andimproving success rates is
adequate support and information during the study choice process. Students who carefully
explore their options are more likely to end up in a program that suits their interests and
potential, which in turn will lead to higher egition rates. For exampl&erneijs and
Verschueren (20073howed that irdepth exploration of the environment during the study
choice process led to a higher commitment to the chosen study program, which eventually
resulted in better academic adjustment.

The exploration of personatterests is an important aspect of this-galestigation
phase in the study choice procdsge et al. (20123howed in their metanalysis that interests,
and especially the fit between individuals and their environment, were strongly related to
performance and persistence in academic contexts. It is thus important for people in the process
of choosing a studyrpgram to explore both their interests and their study options, to end up in
a matching program where dropt will be less likely. In order to accomplish this daunting
task, valid and accessible methodologies that encourage thisxpkfatory processra

required.
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The Need for a New Interest Inventory

An abundance of interest inventories have already been developed, such as the widely
used SelDirected Search(Holland, 1985b)or the Strong Campbell Interest Inventory
(Campbell, 1987) However, there are several reasons that may ebmgsearchers and
practitioners to create new instruments, particularly in the context of educational orientation.

First, most of the established interest inventories draw heavily or even exclusively on
occupational titles to assess interest profileg, When students are asked to choose a field of
study at the age of 17 or 18 (i.e., the age at which most students enroll in higher education),
their ability to selreport on vocational interests through preferences for specific occupational
tittes may beconstrained by a still limited understanding of how the world of work is organized
(Grotewant & Durrett, 1980and what is required in terms of knowledge and skills to adequately
perform in different occupations. Moreover, when making this educational decision, students
are more concerned with their level of interest in the respective bélsisidy than with the
future job opportunities that might result from their study ch@italgwi, Howe, & Burnaby,

2005) This is especiallyrue since not all students end up in a job that matches their field of
study (see e.g., Wolniak & Pascarella, 2008)is thus essential that the matching of study
programs to personal interests does not solely rely on job titles but also includes items that are
related to specific activities prevalent in the stadyriculum and practical training of college
programs.

Second, most inventories have been developed and validated in the U.S. Since previous
research has shown that crasstural application of interest inventories is not always without
problems(Einarsdéttir, Rounds, Agisdéttir, & Gerstein, 2QGRgre is a need for measures
that are tailored to the spgc regional context. In the current study context (i.e., Flanders),
there is a pertinent | ack of validated measu

education programs. Moreover, no tools are available that may aid students in thaking
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decision between pursuing an educational career at the academic or rather at the vocational
level (see below).

Third, educationalsystems are organized substantially different across cultural,
national, and even regional boundaries, and interesttiowes and their feedback tools should
be maximally aligned with these requirements at the institutional |&velen making
educational choices in Flanders, students need to decide on which study program they want to
pursue at the end of secondary education (agE8),7/both in terms of study content or study
field (e.g., engineering, law, psychology, foreignlamgeas € ) and st udy | evel
or vocational track). Previous research has demonstrated thatfisiddyan adequately be
described and structured usingwels t abl i shed vocational i nt er es
(1997)RIASEC model (De Fruyt & Mervielde, 1996). The choice between séwdyspertains
to the difference between the academic track (organized by universities) and the vocational
track (organized by colleges). This also corresponds to the distinction between-tgpiasy
(or academic) and tertiatype B (or vocational) pgrams as specified in the International
Standard Classification of EducatiGdNESCO, 1997)While the focus in the latter is more on
concrete and specialized professional skills and direct entrythiet labor market, academic
programs are more theoretical and researénted leading to a master degree. Moreover,
students with an academic background typically occupy supervisory positions and work on
more abstract and complex matters, whereas pepathiating from vocational programs are
more likely to work under supervision on concrete and specific tasks. With very few exceptions,
study fields can be studied either at the theoretical or at the more applied level. For example,
the academic Psycholpgrogram extensively studies the fundamental principles underlying
human psychology, hereby considering different theoretical perspectives, whereas the
vocationally oriented OApplied Psychol ogyd r

psychologi@l principles. Most tertiary education students (39% of the population) across
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OECD countries graduate from a type A program nowadays. Still, a significant group of 11%

of the population graduates at tertidype B level. This proportion can reach as mash

29.67% (New ZealandjOECD, 2014) Thus, a common shortcoming in existing interest
measures is that these have little to say about which track, acaderiarytype A) or

vocational fertiary-type B) aligns best with a personds i n

Finally, most inventoriesall under copyright restrictions of test publish@emstrong,

Allison, & Rounds, 2008and are not publically available, which is a severely constraining
factor for secondary education pupils on the verge of selecting a study program. Optimally,
secondary education students should have easy and free access to reliable and validated
assessne and feedback tools, encouraging the exploration of their interests and corresponding
study programs.

The current paper describes the development of a new interest inventory that
circumvents these problems. Specifically, the goal of this project isvelagean interest
assessment inventory and accompanying feedback tool that is part of the broader SIMON
(Study skills and Interest MONitor) project, a Flemish institutional initiative aimed at assisting
secondary education pupils in their selection oféi education program that maximally suits
their interests and abilities. In this prospect, the newly developed interest inventory offers
several advantages over previously developed scales such as iba&w#fd Search (SDS).
Although both instrumentaim to promote the exploration of interests in and by respondents
using Holl andds model as a guiding theoretic
important differences that should render this new instrument more appropriate to assess
s t u d mterésss n the specific context described above. First, the new measure could be
tailored to a distinct target audience of students in their final year of secondary education, who
are all on the verge of selecting a higher education study programhigtarget population,

the ultimate objective of the interemtsessment consists of improving the match between their
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personal interests and the available study programs, rather than obtaining a match between
interests and work environments in general.aAsonsequence, the operationalization of this
instrument should be different from the operationalization adopted when constructing
traditional interest inventories, such as the SDS. Specifically, items will be constructed and
selected that are a refleati@f specific study activities in different programs, on top of the
commonly included occupational titles. A second innovation is that this new assessment tool
will also encompass an Acadenscale, to help students in their choice between academic
versusvocational programs.
Theoretical Background of the Newly Developed Interest Inventory

Hol | 41997)YRMKSEC interest model served as theding taxonomic framework
for our new assessment instrument. Although not entirely free of debate and crigaism
Furnham, 2001, Tinsley, 20QGhe RIASEC framework is currently the most widely used and
researbed model to structure interest inventories around the w@&mddwn, 2002; Nauta,
2010) Central in Hollandds theory is the assun
described in terms of their similarity with six different personality and environment tyges,
Realistic, Investigative, Artistic, Social, Enterprising, and Conventional (for an excellent
description of these types, see for instance Nye et al., 20&&)idea is that the degree of
congruence or fit between a person and his or her envirorsiggnficantly relates to higher
levels of achievement and/or satisfactiblareover, the six theoretical types can be organized
in a hexagonal structure, reflecting the level of psychological similarity between types. That is,
adjacent types (e.g., Reaicstind Investigative) are most strongly related whereas opposite
types (e.g., Realistic and Social) are expected to show the least simbaeitiger (1982)
extended Holl andbés theory by showing that t\
namely the People/Things and the Data/ldkasensionsin the People/Things dimension, the

Things axis is anchored by the Realistic type while the opposite end of the dimension (People)
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is anchored by Social. The Ddtdeas dimension has the Data axis intersecting the midpoint
between Enterprising and Conventional and the Ideas axis intersedingdpoint between
Investigative and Artistic typgfRounds & Tracey, 1993)

Previous research has demonstrated that differences in vocational interests between
uni versity programs in Flanders are in acc
Mervielde, 1996)Specifically, students in Industrial, Bagricultural and Applied engineering
had the highest score on the Realistic scale. Students enrolled in Science and Bioengineering
programs scoredighest on the Investigative type. Language and History students had highest
scores on the Artistic scale while students in Psychology and Educational sciences programs
matched the Social type. Finally, Economy, Politeatial sciences and Law studentsrsd
considerably higher on the Enterprising sc@ien the widespread acceptance of the Holland
model, and its demonstrated relevance in the current context, i.e., the Flemish higher education
system (De Fruyt & Mervielde, 1996), the RIASEC model sepanscularly appropriate to
serve as the conceptual basis of our new interest inventory. There are currently no inventories
available in the Flemish community that are specifically designed to explore study interests
according to the welkstablished Hollad-model.

Academic Versus Vocational Study Programs

As a second innovation, we want the newly developed inventory to shed light on the
often difficult choice between academic versus more vocationally oriented programs, because
there are no specific requirements to enroll in either programs in FlandetisismIrpose, an
academidrackscale was introduced to assess a distinct interest dimension, here referred to as
the O0Academicdé factor. The idea is that wit
factor should differentiate between students whe more academically versus more
vocationally oriented. This implies that students in the academic track share a common interest

regardless of their field of study (and corresponding RIASEC profile) as opposed to students in
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the vocational track. Since tiecus in academic programs is more on theoretical and less on
concrete professional skills, we expect these students to be more interested in specific academic
study activities such as reading scientific literature and designing and conducting research.

An important issue in this regard concerns the relationship between the Academic scale
and the existing six RIASEC interest scales. For instance, considerable overlap might be
expected with Hollandds I nvesti gtuvitessuehas yp e,
abstract thinking and analyzing (Holland, 1997). Nevertheless, it is important to noddl that
fields of study (and corresponding interest types), including primarily Investigative programs
can be studied at either type A or type B lefgge e.g., OECD, 2011, Table 4.Eyven for
Science programs, which are primarily Investigative (De Fruyt & Mervielde, 1996), there is the
opportunity to choose between academic versus vocational tracks, and the numbers show that
both options attract a considerable population of studastsuch, the new Academic factor
should not so much be seen as an additional (i.e., seventh) interest type; but rather as an
additional interest dimension that differentiates between students within each of the six
RIASEC types (and accompanying fieldsstidy). In this regard, this dimension shows some
resembl anc e(Hdland, ¥985poreceptibn af level of training, and to Tracey and
R o u n(@996)idea of a prestige dimemsi. Specifically, Tracey and Rounds (1996) explain
that the typical People/Things and Data/ldea dimensions can be thought of as orthogonal
dimensions structuring the field of RIASEC dimensions, while the prestige dimension cuts
through this interest circuptex adding a third and independent dimension. Hence, just as there
are RIASEC occupational interests that can be sorted from low to high prestige, one can
distinguish between RIASEC study interests that are either academic or rather vocational.
Moreover just as the prestige dimension shows some overlap with one of the primary RIASEC
interest scales (i.e., Enterprising), the Academic factor can be expected to correlate with

Investigative study interests.
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Matching Interests to Study Programs

Helping studets to identify fitting study programs is a tvétep process where they (a)
gain selfinsight into their own study interests and (b) are informed about the interest profiles
of the available study programs. Therefore, the newly developed interest inveresented
here is accompanied by a separate feedback tool that links the generated interest profiles to a
list of congruent study programs. Importantly, the classification of environments, occupational
or educational, i n t er meschatehgingiundlertakimgdhatcanRd A S E C
approached from different angles. Prior work on the classification of environments has mainly
focused on describing occupations in terms of the RIASEC dimensions, relying on three
different procedures: the incumbentthmad, the empirical method and the judgment method
(see, Rounds et al., 1999)

In the educational domain, however, conspialplittle attention has been devoted so
far to the classification of study environments according to the RIASEC r{Rdatdon &
Bullock, 2004) The current study extends the available literature in this domain by directly
comparing the convergence between three different classification methods that can be applied
to higher education study pr ogr amsestscorese . (a)
and (c) RIASEC descriptions of equivalent occupations (see further).

In the following section, an overview is given of the construction process that lead to
the SIMON Interest Inventory, followed by a summary of the research purposesafrima
study.
Construction and Initial Analysis of the SIMON Interest Inventory (SIMON -1)

In a first stage, an iterative procedure was used to generate the interest items for the new
inventory. Iltems were constructed thyee independent experts. Two loése experts can build
on extensive experience in vocational interest assessment research, while the third expert has

widespread knowledge in educational guidance and student counselling in pariemiar.
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were written to reflect a wide set of activitiait are characteristic of the full range of tertiary
educational programs organized in Flanders. Based on both original (Holland, 1983%)

and more contempora(Wille, De Fruyt, Dingemanse, & Vergauwe, 20t@scriptions of the

six Holland interest types, these activities were subsequently grouped in accordance with the
RIASEC framework. Finally, this set of educationally relevant activitiesalsmssupplemented

with a list of occupational titles that can be liked or disliked. The choice of these occupational
titles was inspired by prior taxonomic work in the Netherlands and Belgium on the positioning
of professions within the RIASEC structuk¢ogerheijde, Van Amstel, De Fruyt, & Mervielde,
1995; De Fruyt & Mervielde, 1996).

The initial item pool consisted of 173 items describing RIASEC activities (88 items)
and occupations (85 itemsh addition to the six Holland scales, a seventh scale was
constructed to assess interest for academic (versus vocationally orientated) programs. Item
generation for the 6Academicd scale was base
in an academic track must be interested in specific academic stiniies; irrespective of
their field of interest. Examples of such activities aeading scientific literatureand
autonomous implementation and evaluation of research activitlds resulted in a tRem
OAcademi c6 scal e t hiad iimtternast tfoorgrtaltsg@ ac d e
more vocationally oriented programs. Timgtial questionnaire hence comprised 100 items
measuring preferences for study activities and 85 items indicating occupational preferences.

Upon completion of theassessment module, tégkers would be presented a
personalized interest profile summarizing the percentage scores on the six RIASEC scales and
the Academic scale, supplemented with a list of matching study programs that they could
consider. For this pugse, all available study programs were assigned dditey RIASEC
code generated by experts in vocational interest assessment and relying on prior empirical work

describing the distribution of RIASEC interests across study programs in Flanders (D& Fruyt
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Mervielde, 1996)We used twdetter codes for study programs instead of the tletter codes
proposed by Holland. The main reason is that RIASEC codes for tertiary education programs
in Flanders are yet to be empirically substantiated, and the use of more detailddttiree
codes for matching purposes would still be too audacious.

There was a high level of agreement across the three experts for over 95% of the study
programs. In less than 5% of the programs, only two out of three experts assigned the same
two-letter code, and for these cases a final code was assigned after delib8ratgwve one
example, the study prografhedfiEconacmnyde® WE&ELO0gs g
primarily Enterprising and Conventional nature of this field of study. Upon araplof the
interest inventory, respondents would receive a list of all study programs that matched their
personal interest profiles based on the new inventory. This matching procedure used the first
three letters of the personal interest profile, linkimg to all study programs that either shared
the first two letters (irrespective of their sequence), or that had the first and the third letters in
common. For example, a respondent with an AIRCES interest profile would receive study
programs coded by prrts as Al, IA and AR.

This first version, SIMON, was administered online to a sample of 295 secondary
education students (age-18). Students were recruited from four secondary schools that offer
a broad range of secondary education programs. Resgentere asked to fill out SIMON
in the classroom under the supervision of teachers and to give extensive feedback. This
feedback consisted of an overall ratingp@@nt Likert scale) indicating to what extent they
agreed with the generated profile (i.the interest profile and the proposed study programs).
They were also invited to highlight items that were difficult to interpret and to provide further
gualitative feedback concerning the assessment.

Based on these data and feedback, a second vefdioa instrument was developed.

In total, 30 of the original items were deleted because (a) they were easily misunderstood or (b)
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they showed insufficient coherence with other items in the sasad@idenced by an increase in
Cronbachos alhpnthe itecs veefe flaletsievemitemswid not have the highest
correlation with the intended scale and were moved to the corresponding scales. For example,
the occupational title dédcommunication manag
thoughwas relocated to the Enterprising scale given its empirical association with this interest
dimension. Nine additional items were generated to obtain a more complete coverage of the
study program portfolio.

The resulting version of the inventory (see Apgigrfor the English translation of the
Dutch SIMONI) comprised 98 activity items (11 Academic scale items and 87 RIASEC scales
items) and 66 occupations (RIASEC scales items). Instructions were clear and concise:
respondents were asked to indicate insangformat whether they would enjoy the activities
and professions or ndlVe opted for a forcedhoice format (yes0) instead of a Likert scale
because yemo interest items are easy to score, quicker to administer and they are equally
reliable(Dolnicar & Grun, 2007; Dolnicar, Grun, & Leisch, 201%¥alescores were converted
to range between 0 and 100 and indicated the
of valid answers to both activity and occupation items. This second version served as the basis
for further psychometric and structuraiduation.
Study Objectives

Having discussed the rationale and procedure behind the development of $|kh@N
purpose of the current study is to provide initial evidence for the validity and practical value of
this interest assessment tool in seconddugcation students on the verge of selecting a higher
education program. To meet this atfree central questions will be addressed.

First, given that SIMON i s based on Hollanddéds model
guestion in the validation process comsethe structural validity of the proposed measure.

Therefore, the internal consistencies of the RIASEC study interest scales and the presumed
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circular structure of the Holland typébiolland, 1997)will be investigated first. Special
attention will also be given to possible gender differences in item functioning (i.e., differential
item functioning) and in structural validity.

Second, the current study aims to provide initial evidence for thei@nitealidity of
the Academidrackscale. Specifically, it will be examined whether this scale can adequately
discriminate between students in academic versus vocational programs across and within fields
of study. Further, given the anticipated overlaghwlite Investigative interest scale in particular,
special attention in this validation process will be devoted to the issue of incremental validity.

Third, the current study presents a validation of the RIASEC study program codes that
are used in the SIMOINfeedback tool. Specifically, the expedated RIASEC codes for study
programs will be compared agair(sf) the mean interest scores of students in these study
progr ams, further referred to as O-denved ri cal
RIASEC codes, referred to as O6O* NET program
empirical program codes is that the interest profile of a study program can be derived from the
average interest profile of people enrolled in this particular program. gjivisach is consistent
with Hollandds basic idea that the people ¢
previous research that attempted to characterize college enviror{mgntslarms, Roberts, &
Winter, 2006) In order to have an additional cheaf the validity of the expemated program
codes, we also incorporated occupationdlyived RIASEC codes for the study programs
which were extracted fro@* NET (e. g. , for the program O6CI |
O*NET RIASEC code forthe occupatin o f O Cl i ni ©O&NET ipasUyScdatabbse gi st &
that contains information on hundreds of occupasipecific descriptors, including RIASEC
codes. O*NET ratings were validated Rgpunds et al. (1999nd have been used in previous
studies on the structur al val i dity (Wifle, Hol | ai

Tracey, Feys, & De Fruyt, 2014Recall that the O*NET database contaotxupational
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RIASEC profiles, and that the aim of the SIMxbject is to construct a measure that aids in

the process agtudychoice. Hence, this approach explores the pdigibf using occupation

level interest data to approximate the interest profile of corresponding study programs.
correspondence analysis of the three sources of program RIASEC codes (i.e.eexpecal,

and occupational) will beonducted fosix different study programsligh correspondence of
empirically obtained interest scores with O*
provide extra validity for the SIMONIfeedback module.

Finally, we will also evaluate the usefulness and face validity of the SHIQput
byanalyzingr espondent so6 | evel of agreement with t
feedback report consisted of both an interest profile and a list of stugsapre that fit with
this profile based on matching RIASEC letter codes.

Method
Procedure

SIMON-I was administered in an online Dutch version that automatically generated a
feedback report consisting of an interest profile (RIASEC scale scores) and @ list
corresponding higher education programs. Students across faculties and institutions were
invited to fill out the inventory. Respondents were then invited to leave comments and to
indicate their agreement with the received report (both the interedé@madi the corresponding
programs) on a scale from 1 to 5 (ATo which
Participants

To be able to validate the output generated by SIMQfdta from students in their last
year of tertiary education were analyzed, based on the assumptions that students (a) gradually
gravitatetowards college majors that fit better with their interest profiles, and that (b) over time,
students are also sociadd in such a manner that study environments gradually reinforce and

reward certain interest profiles. As a result of these two processes, students in their graduation
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year are likely to have an interest profile that matches their pro@arart, 1997)Including
data from students in their first years of education might distort the results sinesutliagpa
consequence of mismatch between intsrasd program is still probable at this stage. Thus,
students in their final year of studyere recruited across four different educational institutions
(one of which offers academic programs and three of which offer programs in the vocational
track). Intotal, 4588 higher education students accessed the assessment platform. Cases with
more than 5% of missing values (nine items or more) were deleted, resulting in a final dataset
of 3962 respondents. Of these respondents, 92.6% were enrolled in the ateaEmit4%
were enrolled in the vocational track and 68.5% were woman. In general, 50.8% of the student
population in Flanders is enrolled in academic programs and 54.8% are \(dimisterie van
Onderwijs en Vorming, 2012)vhich means that our sample is more academic and more female
than the general population of studer@@ven the nature of this research population (all
students enrolled in their final year of tertiary education) we can be quite confident that the
research participants are a homogeneous group of students aged between 21 and 23 years old.
Results

Structural validity

Descriptive statistics and internal consistencies of SIMOM

Table 1 shows the number of items and the internal consistency of the subscales.
Cronbachdés alphas in the sample ranged from
whichindicated good internal consistendyne underlying People/Things (P/T) and Data/ldeas
(D/1) dimension scores were calculated according to the formula providecetiger (1982)
This validated formula allows the transformation of RIASEC scores into two dimensions

underlying the hexagonal structure of interests by using the Cartesiannedesdi The

2 The People/Things dimensiof2*R(1*)+¢(1*A)+(2*S)+(1*E)+(1*C)
The Data/ldeas dimension: (0*R)1.7*)+¢1.7*A)+(0*S)+(1.7*E)+(1.7*C)
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correlations between SIMONsubscales and the underlying dimensions are presented in Table
2.

Evaluation of circumplex structure.

To evaluate the circular structure of the proposed RIASEC scales, both confirmatory
factor analysis (CFA) Br owned6s Covariance structuan®e mode
randomization test of hypothesized order relations (RT@®Rbert & Arabie, 1987; Tracey &
Rounds, 1993yvere applied. The use of these two approaches to test circular structure is in
accordance with suggestions blagy, Trautwein, and Ludtke (2010yvho also gave an
excellent overview of the similaritiesd differences between these procedures. The circular
structure was evaluated for the entire dataset and for men and woman separately.

The CFA tests of model fit were conducted using the Gpagkage in RGrassi,
Luccio, & DiBlas,2010) Thi s package all ows the i mpl emer
also provides a graphical representation of the results. The results of these structural analyses
are shavn in Table 3. For men, all fit indices indicated good fit of the data with the proposed
circular model. For woman, results were mixed. RMSEA (>.08) indicated an unacceptable fit,
while the other absolute fit indices SRMR (<.08) and AGFI (>.90) signatgmbd fit of data
with the proposed circular model. The incremental fit index CFl also indicated unacceptable fit
(<.95). In the total sample, only RMSEA indicated unacceptable fit, all other indices showed
good fit of the data with the circular modélooper, Coughlan, & Mullen, 2008; Tabachnick
& Fidell, 2007) Thus, overall, results of CFA showed that the circular structure holds especially
for men and for the entire sample. Furthermore, the spatial representation confirmed the

theoreti@ally expected RIASEC ordering in all samples, including the female sample.
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Table 1 Descriptive statistics, internal consistencies and number of items of the SIMON interest inventory subscales

Activities Occupations Total
N items M SD Nitems M SD U Nitems M SD U
R 14 16.97 2251 .87 9 20.12 24.12 .79 23 18.21 21.87 91
I 15 38.52 21.98 .74 14 27.50 24.37 .83 29 33.27 21.64 .88
A 13 34.62 26.79 .83 13 29.83 27.69 .86 26 32.35 25.95 91
S 18 45.71 28.85 .89 10 37.26 29.67 .83 28 42.80 28.11 .93
E 13 57.91 39.61 .88 11 29.63 27.15 .83 24 37.88 27.42 .92
C 14 30.19 27.06 .86 9 18.19 23.06 .79 23 25.53 23.72 .90
Ac - - - - - - - - 11 53.20 30.10 .83
Table 2 Scale and dimension intercorrelations
R | A S C Ac DI/ PIT
R 1 48" A7 -,19" 22" 317 25" -.03 62"
| 1 23" ,08" ,01 ,15” 58" -42" .36"
A 1 39" 22" -,02 ,18" -.46" -42"
S 1 12" -,04* -,02 -17" -78"
E 1 ,66" ,207 67" -.15"
C 1 25" 70" 25"
Ac 1 -.107 37
Data/Ideas 1 .09”
People/Things 1

Note. ** Correlation is significant at the 0.01 levehtéled).

D/l = Data/ideas. A negative correlation with D/I indicates a positive relation with the Ideas dimension.

P/T = People/Things. A negative correlation with P/T indicates a positive relation with the People dimension.
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The software package RANDALIracey, 1997yvas used to conduct RTOR analyses.
Holl andds theory postulates that correlation
higher than correlations between alternate scales (e.g., R and A) and correlations between
opposing scales (e.g., R and Bypuld be lowest. This results in a total of 72 order predictions,
and RTOR evaluates the percentage of predictions that are met based on the available data
(Tracey & Rounds, 1993 he result of this test is commonly expressed by a correspondence
index (CIl) which varies betweeil (no order predictions were confirmed) to +1 @der
predictions were confirmediRounds and Tracey (199p)ovide benchmarks (CI=.70 for U.S.
samples and measures and CI=.48 for international contexts) to compare the magnitude of
modetdata fit. The results of the current study (see Table 4) indicated good model fit for the
totalsample (Cl = .83p = .017), as well as for men (Cl = .9¥5 .017) and woman (CI = .81,

p =.017) separately. All Cl values exceeded the U.S. benchmarks, which further substantiates

that the data in all samples fit the circular order.

Table 30verview ¢rcumplex goodness of fit indices

RMSEA 90% CI SRMR AGFI CFl df p
RMSEA
Men .05 .04-.07 .02 .98 .99 2 20
Woman .10 .09-.12 .06 .93 .94 3 20
Total .10 .09-.11 .06 .93 .95 4 20

Note.RMSEA = root mean square error of approximation; Cl = confidence int&RMR =
standardised root mean square residual; AGFI = adjusted goemfHdsstatistic; CFl =

Bentler comparative fit indexcf = degrees of freedom; P = parameters.
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Table 4 Randomization test of hypothesized order relations

Predictions
Group Met Tied Correspondence p
Index

Men 70 2 97 .017
Woman 65 0 .81 .017
Total 66 0 .83 .017

Gender differences.

As previous research on Hollandés interes

differences in RIASEC interest scorgu et al., 2009)specific attention was given to these
differences and to the possible occurrence of gender bias in the developed scales. To establish
whether there is an overall effect of gender on interest scores, disontnaimalysis was used
because of the interdependence of interest dimensions. In this analysis, all seven interest scales
were considered simultaneously. The analysis was complemented with univariate tests to
specify the contribution of each interest ty@e, advised byBorgen and Seling (1978)
Discriminant analysis indicated that overall, there are gender differences in scal¢ sdétires k s 6
Lambda = .698, Chi square (7) = 14237%,.01)). Independent sampletests showed gender
differences on all seven scales (see Table 5). Specifically, men scored higher on Realistic,
Investigative, Enterprising and Conventional interests windlsan favored Artistic and Social
interest dimensions. Men also obtained a higher score on the Academic scale compared to
women. The two largest differences between men and women were found for Social and
Real i stic i mt-e®8s aadd=C3 resgpacvsly). This gave rise to a large
effect size of 1.06 for the underlying P/T dimension. Men and women also differed on the D/I

di mensi on, al beit dtU=240p | esser extent (Cohenod
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Table 5 Gender mean differences in interests: metandard deviation, univariate F and
Cohends d

MenM (SD) WomanM (SD) F (1,3960) d
R 31.03 (25.78) 12.30 (16.79) 489.78* 0.86
I 36.76 (23.15) 31.66 (20.72) 28.52* 0.23
A 27.55 (24.05) 34.56 (26.49) 33.21* -0.28
S 26.90 (22.48) 50.14 (27.40) 148.27* -0.93
E 45.21 (28.42) 34.50 (26.28) 21.61* 0.39
C 32.22 (25.51) 22.45 (22.18) 81.27* 0.41
Ac 61.27 (28.92) 49.47 (29.91) 7.35* 0.40
Data/ldeas 22.30 (101.53) -15.78 (89.21) 59.32* 0.40
People/Things 4.49 (90.72) -90.63 (88.57) .89* -1.06
*p <.001

Differential item functioning (DIF) was tested to investigate the extent to which the
observed gender differences reflect a real difference between men and woman or whether they
are an effect of gender bias in the items of the newly constructed scal@EHIEShealy &

Stout, 1993)was used for this purpose, whits an item response theory based procedure. In

this approach, a so called valid subtest is used as an estimate of the target trait being measured
and the DIF test evaluates how the items differ in their performance in the two groups that are
being compard by conditioning them on the trait level of the examinees. The procedure
examines whether the resul tingp<®D0lffromOantd i sti c
which group (men or women) is being favo(&inarsdottir & Rounds, 2009Y he results in

Table 6 indicate that half of the interest items sbawignificant DIF.

Importantly, for the Investigative, Artistic, Social, Enterprising, Conventional and
Academic interest scales, there is an approximately equal number of items that favor men and
women. For the Realistic scale, 4 items favor women assgul to 8 items favoring men.
Concerning the overall level of DIF, it can be noted that only the Investigative scale has beta

values that are considered high (> .200 aBimarsdottir and Rounds (20Q09)his indicates
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that although there is gender bias in many of the interest items, this bias deesderotatically

affect the interest scale scores of one specific group.

Table 6 Number and percentage of items showing DIF for the SIMG@bales

ScaleN Differential item functioning ()
Nitems % items Favor women Favor men
showing  showing N M() N M()
DIF DIF
R 23 12 52 4 0,161 8 -0,127
I 29 14 48 7 0,255 7 -0.252
A 26 19 73 9 0,132 10 -0,121
S 28 11 39 5 0.115 6 -0.124
E 24 12 50 7 0.125 5 -0.138
C 23 9 39 4 0.128 5 -0,099
Ac 11 7 64 4 0.124 3 -0,160
Criterion validity of the Academic scale
Val i dation evidence for the O0OAcademicb6 sc

on this scale between students enrolled in academic programs with those of students in
vocational programs. We conducted these comparisons both across and within difflelent f
of study.

To check whether the O0Academicdé scale dif
interestsacrossfields of study, an independent samphksst was performed to assess a global
difference in academic interests between respondents dademic programs and those
enrolled in vocational programs. A significant difference was obset{(@&260) = 8.40p <
.001. Students in the academic track had a mean score of SD2430.05), while students in
the vocational track scored on averagd80SD = 27.55), indicating that the Academic scale

was able to differentiate between students i
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d= . 49) . By way o fdeffead smesdar thessx RIASEC schles nwéds,
46, .05, .38,00 and-.10 respectively.

Because of the relatively high correlation between the Academic scale and the
Investigative scaler(= .58,p < .001), we performed additional analyses to substantiate the
added value of this newly developed scale. To this aim, we first performed a new independent
sampled-test on the subgroup of respondents whose primary (i.e., highest) interest score was
Invedigative. The results indicated that even within this subgroup, the Academic scale was able
to differentiate between students in an acadeMie 68.21,SD = 26.82) versus a vocational
(M = 54.00, SD = 24.56) track (t(716) = 3.14,p < .01). Second, a hiarchical logistic
regression analysis predicting the likelihood of enrollment in either the vocational or the
academic track, showed incremental predictive validity of the Academic scale over and above
l nvestigative scap<elOlxcores (6] (1) = 16.65,

Similarly, independent samplesestswithin the same field of study showed significant
differences in Academic scale scores between students enrolled in academic versus those
enrolled in vocational progr ams. typeoArandeax a mp | e
type B progr am. Al t hough both programs shar e
there is a significant difference in scores on the Academic scale between students enrolled in
the academic trackM = 76.19,SD = 17.65) and those enrell in the vocational trackV =
45.38,SD= 27.69) {(33) =-3.79,p < .01).To give another example, a similar difference was
found between students fromtaec ademi ¢ 6 Economi cMid8lL.3BESD=encesod
25.36) and those fromtheoc at i omahy 6l @@amage m@Mn=t46.12pSDegr am

26.38) ,{(71)=-545p< . 001), despite their correspondi

65



Output evaluation

Correspondence analysis of study program RIASEC codes.

The experrated study program RIASEC codes that complement the SHViOfErest
profiles were validated by investigating their level of correspondence with (a) the mean
RIASEC interest scores of respondents enrolled in these programs (i.e., the epnoigicaah
codes) and (b) the O*NET RIASEC codes of occupations corresponding to these study
programs. Note that this analysis was restricted to a set of six different study programs that
were selectettased on (a) the theoretical positioning across theestterrcumplex (i.e., one
program for each of the six key points of the Holland interest hexagon) and (b) on the highest
response rates within the respective interest types: Civil Engineering (Realistic),
Bioengineering (Investigative), Languages (ArtistiClinical Psychology (Social), Economy
(Enterprising) and Medical and Health Care Management (Conventional). Corresponding job
titles (i.e., biochemical engineer, civil engineer, clinical psychologist, interpreters and
translators, economist and medieald health care manager) were searched through O*NET
Online and the RIASEC codes for these job titles were retrieved from the O*NET database. To
make the comparison between these three corresponding study program codes (i.e., expert
rated, empirical, occgtional), a range of congruence indices are avail@ele e.g., Spokane,
1985) For the present study, we chose to use the€x(Brown & Gore, 199%because of (i)
its consistency with Hollandés theory, (ii)
and interpretation. Since experts assignedletter codes to programs as opposed to three
letter codesn the O*NET database, we use the modifieth@ex as proposed Eyggerth and
Andrew (2006) This modified Gindex allows comparison between Holland code prsfibf
less than three letters in length and is obtained by sequentially comparing the first and second
letters in both codes. Comparison is based on the hexagonal distance between the letters. C

ranges between 0 and 18, with higher scores indicating highgruence. C is symmetrically
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and normally distributed, with a theoretical population mean dfadle 7 summarizes the
results of this correspondence analysis.

Before comparing the empirical program codes with O*NET and egeesrated
codes, we insmed the mean SIMONinterest scores across the six study programs. A one
way multivariate analysis of variance (MANOVA) indicated that, in general, students within a
certain program indeed scored higher on the interest domain that corresponds with the
theoretical position of that program in the hexagon. Specifically;lpmsTT ukey tests indicated
that the highest score on Realistic was found for Civil EngineeFi1479) = 122.10p
<.001); the highest score on Investigative for BioengineeF(lg 1479) = 83.14p <.001); the
highest score on Artistic was for Language(1479) = 72.74p <.001); the highest score on
Social was for Clinical Psycholog¥(5,1479) = 214.05p <.001) and the highest score on
Enterprising was for Economy prograntqg,1479) = 146.76p <.001). There was only one
exception: students in Health Care Management and Policy had higher Conventional scores
than students from four programs, but lower scores than students from Economy programs
(F(5,1479) = 251.07p <.001). Ingeneral, these results indicate that SIMOKeaningfully
differentiates between students from theoretically different fields of study.

The agreement between O*NET codes and empirical program codes was significantly
higher than thenean of 9 for Languages programs (C = 138720.69,p < .001), Health Care
Management and Policy (C = 12.48; 9.80,p < .001), Bioengineering programs (C = 11.56,

t = 8.49,p <.001) and Civil Engineering (C = 10.95s 4.35,p < .001). The agreeemt with
O*NET RIASEC codes was not significantly different from the mean for Clinical Psychology
(C=8.93t=-.42,p=.67). For Economy programs (C =t'% 14.21p<.001), the agreement
was lower than the mean. Since O*NET contains occupationaimiation whereas expert

codes were specifically given with study programs in mind, we expected the overall congruence

with expertsd ratings t o -ifdexesttomgdrirgempiridahnvitrs wa s
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Table 7 Comparison of mean SIMON RIASECdms across study programs with O*NET RIASEC codes

Theoretical O*netjob title N Field of study/Major R | A S E C O*NET Experts
position M (SD M (SD M (SD M (SD M (SD M (SD
Code Mean Code Mean G
C- index
index
R Civil engineer 82  Civil Engineering 49.98 41.16 25.66 19.46 40.16 31.62 RI 10.95* IR 10.54*
(24.75)  (23.66) (24.25) (20.93) (24.96) (24.15)
Biochemical 224 Bioengineering 38.40 52.82 24.69 25.04 35.72 26.54 IR 11.56* IR 11.56*
engineer (24.4) (19.24) (22.42) (22.19) (24.72) (20.76)
A Interpreters 233 Languages: 8.06 23.64 55.74 46.18 33.87 14.06 AS 13.97* AS 13.97*
and translators Interpreter, translator, (12.51) (17.96) (22.83) (24.34) (24.66) (15.77)
multi-Linguistic
Communication and
Languages
S Clinical 351 Clinical Psychology 8.71 30.82 40.55 69.48 25.78 11.08 IS 8.93 SA 14.83*
Psychologist (12.57)  (19.90) (26.90) (18.73) (22.00)  (13.60)
E Economist 475 Economy: Applied 22.64 23.88 23.69 25.93 65.06 53.66 IC 7.00 EC 14.07*
Economic Sciences, (22.59) 7.74) (21.82) (22.21) (21.97) (22.58)
Economic Sciences,
Business
Administration
C Medical and 120 Health Care 16.40 34.59 27.77 52.72 57.51 48.12 EC 12.48* SE 12.14*
health care Management and (19.70)  (21.05) (24.78) (23.55) (22.21) (24.07)
managers Policy

Note: * Gindex significantly higher than the population mean (which is 9 as-ihdéx is normally distributed).
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expert codes were significantly higher than the mean of 9. Bioengineering and Language
programs were assigned the same letter code by experts as by O*NET, and had thus the same
C-index. Civil Engineering programs showed slightly lower congruence with the experts code
than with the O*NET code (C = 10.545 3.49,p < .001). Health Care Manament and Policy
programs (C =12.14=10.13,p < .001), Economy programs (C = 14.0%,29.42,p < .001)

and Clinical Psychology programs (C = 14.83,36.41,p < .001) had higher congruence with
expertsod ratings.

A oneway multivariate analysis ofariance (MANOVA) was conducted to test the
hypothesis that respondents from different programs scored significantly higher on the interest
scale that corresponds to the theoretical position of their study program on the circumplex. In
other words: do CiVEngineering students score higher on the Realistic scale, Bioengineering
students higher on the Investigative scale and so on. Results and ptesth@onfirmed this,
with the exception of Health Care Management and Policy in which respondents scored
significantly higher on the Conventional scale than students from four other programs, but
lower than respondents from Economy programs.

Respondent agreement with suggested feedback.

Respondents were asked to indicate their agreement with the receivesl (kesth the
i nterestsd profile and the corres pcomptetelng pr o
di sagro¢ efic o mp | e t).e€lB6Y respandept® iadicated their agreement with the
interest profile and 1358 respondents evaluated theesteyh study programs. 75% of the
respondents indicated to agree with the presented interest profile (score 4 or 5); 16.2% agreed
moderately (score 3) and only 8.8% did not agree (score 1 or 2) with this part of the feedback
report. The mean agreement soges 3.86 $D=.91). Regarding the proposed study programs,
55.5% of the respondents agreed (score 4 or 5); 21.9% agreed moderately (score 3); and 22.6%

did not agree (score 1 or 2) with their feedback report. The mean agreement score v&i3 3.41 (
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= 1.08) We also explored whether these agreement scores were related to any of the interest
scales measured by SIMGANStudents who scored highest on the Social scale were most
satisfied M = 4.07); while those who scored highest on the Realistic scale wstes&tisfied
(M = 3.67) with their interest profile. Agreement with the proposed study programs was not
related to any of the interest scores. Overall, these results indicate that most respondents tended
to agree with the profile that was generated by SO
Discussion

The aim of this study was to document and validate SIM@Nd its feedback tool.
SIMON:-I is a new and freely available interest measure tailored to a target audience of students
on the verge of selecting a higher education study programaccompanying feedback tool
aims to facilitate this choice process by providing respondents with a list of study programs that
are matched to their interest profiles. SIMDaIso introduces a new acaderack-scale that
deals with the often difficulthoice between academftertiary-type A) versus vocational
(tertiary-type B) programsOverall, our findings speak for the validity and usefulness of
SIMON-I and its feedback tool in the context of educational guidance and counseling.

Oneofthd eat ures that makes Holl andds interes
pertains to its structural assumptions (Nauta, 2010). Specifically, thel@fgled position of
the six personality and environment types across the interest circle enabtewmlyss of
persorenvironment congruence, an element that is highly relevant for both career researchers
and practitioners. The structural validity of SIM@Nvas confirmed in the present study by
evaluating the underlying circumplex structure using I&fA and RTOR. With CFAseveral
fit indices showed a good fit of the data with the circular ordering, especially inRT€&R
revealed good fit of the data with the circular structure in all samples.

Our findings regarding gender differences in interestes are largely in line with those

reportedby Su et al. (2009)showing thatmen generally scored higher on Realistic and
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Investigative interests compared to women obtaining higher scores on Artistic and Social

i nterests. Two findings in the present- study
analysis. First, SIMON did not reveal significant gender differences for Conventional
interests, while Su et al. (2009) found women to score significantly higher on this scale. Second,
contrary to the null findings reported by Su et al. (2009), SIMQNd reveal significant
differences between men and women in terms of Enterprising interests (i.e., men scoring
higher), reaffirming earlier work in this arée.g., Betz & Fitzgerald, 1987Lonsistent with
Suetal. (2009) t he | argest gender differences were
with men favoring working with things and women preferring working with peoiitese

findings can further be considered in the context of a brdaérof research dedicated to the
structural (in)variance of interest models across gender. Previous studies on this topic have been
inconclusive(Beinicke, Passler, & Hell, 2014kith some reporting structural invariance across
gender(e.g., Darcy & Tracey, 2007; Nagy et al., 2Q18hd others providing evidence for
gender differences in ¢hunderlying structure of intereqes.g., Hansen, Collins, Swanson, &
Fouad, 1993)In the present study, even in women, several fit indices showed good fit of the
data with the circular model. Also, the spatial representattoméirmed the theoretically
expeted RIASEC orderingMoreover, the Cl values found with RTOR in this study exceeded
U.S. benchmarks and CI values established previously in a Flemish population of higher
education students that wer e a sDirectedsSeadch.wi t h
Specifically,Wille et al. (2014)used the Dutch authorized adaptation of the SDS to measure
vocational interests in final year higher education students and observed a CI of .69 for this
instrument. This could suggest that SIM@Nvith a CI of .83 for he total sample, is better at
capturing the circular order of interests compared to the SDS in Flemish higher education

students.
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Findings regarding gender differences in interest scales also raise the question of gender
fairness in interest inventori@@éassler, Beinicke, & Hell, 2014)he results of differential item
functioning tests performed on SIMGNnNdicated that many of the interest items indeed
showed bias. Nevertheless, this bias was not systematically directed against either men or
women in any of the scales. We are awdith® potential problems associated with confirming
gender differences as a result of geresed interest scales. Therefore, data from additional
samples will be used in future work to further explore whether there is a need to replace items
(especiallyin the Realistic and Investigative domains) to obtain more gdaaenterest scales.

The process of matching people to environments based on their interest profiles requires
not only that personal interests are mapped (e.g., using an interest ipvéntoalso that
environments are summarized in terms of their most prevalent intelatsd characteristics.

One of the objectives of SIMON was not only to deter mine
profiles, but at the same time to link this to a set ahyspprograms with matching interest codes.

In the absence of an existing classification scheme to describe study programs in terms of their
most prevalent RIASEC characteristics, the current project departed from program expert
ratings. In support of thesatings, data from six study programs showed that these aspeait
RIASEC program codes demonstrated good congruence with the average interest profiles of
the students in these study programs, as indicated by significantly highdexgs than the

theoe t i c al me an. | mportantl vy, a systematic c
programs showed that, with only one exception, SIM@Neaningfully differentiates between
students in such a way that interest scores mirrored the theoretical pokthenprograms in

the hexagon. Further, the present study also included occupational RIASEC interest codes as
an additional benchmark for the proposed study program codes. Using the interest codes of
occupations that are closely aligned with study pnograve were able to demonstrate good

levels of congruence for the study fieldsL@inguagesHealth Care Management and Policy,
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Bioengineeringand Civil Engineering This thus indicates that the interest profiles of these
study programs, as determined Ine texperts, showed strong resemblance (in terms of the
RIASEC letter code) with the prescribed interest profiles of corresponding occupations, as
listed in the O*NET system. There was moderate agreement between expert and occupational
codes foClinical Psychology The lowest congruence was foundBmonomyprograms (C=7).
This result parallels findings dfarrington, Feller, and O'Shea (1998)ho also established
low similarity between empirical program codes and occupational codes in an Economic
program. This suggests that there may be a discrepancy between the interest profile of students
enrolled in Economics programs and that of people who are employed as economist.

In addition to these psychometric evaluations, we were also interested imath
students perceived the interest profiles that were generated by SIMEr all, this kind of
interest assessment is primarily a process ofesgiforation(Holland, 1997) and the surplus
for testtakers is that they are presented with (a) structured feedback on personal motives that
otherwise mayisk to remain unnoticed (under the form of the RIASEC interest profile), and
(b) concrete study advice (i.e., a list of possible study programs that align with their personal
interests). Knowing that such information is waticepted by tegtkers is inportant because
this may heighten the chances that the feedback is actually being taken seriously. Our findings
showed that the majority of respondents indeed tended to agree with the interest profile (91.2%)
and with the corresponding programs (77.4%)y theceived. These results are even more
optimistic compared to recent work Byerko, Babarovic, and Medugorac (20d4hp reported
that 56.3% of their university student sample found that the advice generated by their interest
instrument described them well and another 37.5% was neutral. Although only a minority of
the respondents in the present study did not agreethathfeedback reports, further use and

analyses of SIMON need to address this.
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Finally, with  SIMONI we also introduced a new methodology helping students
choosing between fields of study at either the academic or the vocational level. For this,purpos
an additional interest scale was developed intended to measure what was labelled the
O0Academic factoré. The underlying idea was
sufficient interest in study activities that are typical for all study prograinthis level. In
support of this new scale, results indeed in
scale between students enrolled in academic programs and those in vocational programs,
confirming that this scale differentiates between aisl with more or less interests that are
closely aligned to the academic track. Moreover, the analyses also showed that this Academic
scale is also distinct from the conceptually related Holland Investigative interest scale. Where
the Investigative scalmeasures the interest in a specific category of study fields where the
focus lies on the analysis of physical, medical, or (bio)chemical data and processes, the
Academic scale taps into preferences for academic study activities, irrespective of a specific
field of i nt er e s tengroBsimg in & cerdaim gubject in drdereto writt@am 0
researchpapg¥ r ef ers to an academic activity that
ranging from Language (Artistic), and Psychology (Social) majorsBimengineering
(Investigative) study programs.
Limitations and Directions for Future Research

A number of limitations of this work should be acknowledged. First, the profiling of
study programs needs more attention. As for now, an expert judgment method was used, by
which vocational interest model experts generated RIASEC profiles of study programs
Although this judgment method has proven to be a reliable and valid method to describe study
programs (Rounds et al.,, 1999)subject matter experts from all programs can provide
supplementary and perhaps more fgnained information in the future. Likewise, it would be

of great value t o d&dRbuhdsaetal, @9 assigniHelland codestoh o d 6
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programs. This implies the use of the empirically established scores per program to refine the
profiles generated by experts. Some study programs only had moderateadresth the
proposed RIASEC codes. The mechanisms that are accountable for this moderate agreement
require further inquiry.

Second, more work is also needed on the Academic scale. Although there are general
score differences between students in theexoadand the vocational track, it is still necessary
to test whether these differences apply to all fields of study. It is not unthinkable that students
i n specific vocational programs are more OA
programs. Thisequires more data from students enrolled in vocational programs.

Finally, continued data gathering and analyses are warranted for the examination of
additional psychometric test requirements, such agagsit reliability and concurrent and
predictive validity. For example, convergent validity evidence could be examined through
simultaneous assessment of SIMOBNd widely used interest inventories such as the Self
Directed Search (Holland, 1985). This might also shed light on the added value of SIMON
In the longerrun, the secondary education samples should be followed to investigate the
validity of SIMON-I to predict study program choice and performance results.

Conclusion

SIMON-I circumvents important limitations of previously developed measiiresa
promising tool that encourages the exploration of study options when making a vocational
choice, be it academic or more vocationally oriented. It is expected that this careful exploration
of options will boost student success and retention ansl fénzilitate a smooth transition

between secondary and higher education.
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Appendix

English translation of the SIMONquestionnaire

Part 1: Activities
Mark the YES column for activities you enjoy to do or activities you would like to try. Mark the NO cg

foractivities you would not I|ike to do. I f you
Activity YES NO SCALE
1 Developing electronic systems R
2 Analysing the grammatical structure of a sentence I
3 Helping people with speedtisorders S
4 Recruiting a job candidate E
Monitoring the quality standards for food safety 3 C
5 hygiene
6 Analysing and interpreting research results Ac
7 Repairing malfunctioning electrical equipment R
8 Carrying out laboratorianalyses I
9 Designing a poster for an exhibition A
10 Helping others with their personal problems S
11 Organising a conference E
12 Preparing financial reports C
13 Reading English language scientific articles* Ac
14 Being responsibléor the maintenance of IT hardware R
15 Analysing statistics I
16 Designing webpages A
17 Developing council prevention campaigns S
18 Presenting new policy propositions E
19 Collecting quantitative and qualitative data I
Engrossing ira certain subject in order to write a resea Ac
20 paper
21 Develop new methods for industrial production R
22 Treating diseases in animals I
23 Editing the sound and images for a movie A
24 Formulating education and training policies S
25 Drawing up the budgets C
26 Doing the follow up on building sites R
27 Analysing xrays/brain scans I
28 Fit out a show room A
29 Sport guidance for child S
Formulate a theory about the differences betw I
30 populationgroups
31 Monitor quality standards C
32 Writing clear and logically structured texts Ac
33 Maintaining airplanes R
34 Investigating the impact of historical people A
35 Composing a work of music A
36 Providing guidance for victims S
37 Selling a product or service E
38 Calculating prices C
39 Distinguishing main issues from sidisues in a text Ac
40 Installing and maintaining computer servers R
41 Designing an advertising folder A
42 Providing information about thassistance for the poor S
43 Drawing up an organisational business or policy plan E
44 Checking bank transactions C
45 Starting studying without being asked for Ac
46 Developing windmill parks R
47 Prove a theorem I
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48
49
50
51
52
53
54
55
56

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

Analysing textstructures

Giving travel advice

Negotiating contracts

Drawing up a contract

Looking up sources to give an idea a scientific basis
Investigating chromosomal defects

Writing scenarios

Holding testsguestionnaires and-depth interviews
Screening the administration

Reading texts that include formulas, calculations
tables

Working on a drilling rig

Turning an idea into a film

Giving care to patients

Restructuring an organisation or company
Checking the compliance of regulations

Drawing conclusions from a mathematical table
Excluding alternative explanations through experimen
Designing the layout of a hospital

Advising youngsters regarding their vocational choice
Exploring new economic markets

Drawing up the annual report

Detecting mistakes in arguments

Setting up a festival stage

Developing a new medicine

Writing a review

Giving training in communication skills

Starting up an enterprise

Investigating a cost structure

Setting up, carrying out and evaluating an own rese
project

Creating a technical drawing

Putting theories in their historical and social context
Creating an art piece

Giving health advice

Giving health and parenting education

Calculating expenses

Disassembling electrical appliances
Comparingcultures

Guiding minority groups on the job market
Conducting a meeting

Drawing up a timetable

Measuring a lane

Supporting and following up foster families
Attracting sponsors

Standing in front of &lassroom

Leading a team

Managing a database

Collecting soil samples

Beginning a herbarium (a plant collection)
Counseling underprivileged people

Formulating a treatment plan

Studying the physicandurance of athletes

Part 2: Occupations

Mark YES for professions you would like to practice or that you would like to try. Mark NO for profes
you would not like to do. If you think a little bit, you probably know most professions. If yoy reall o n 6

what a profession entails, skip the item.

Nr

| Occupation | YES | NO

O TITOMUOMmnNnIIOMuN>00Mn>— X0 2>O0MOD>—-02>20MO>> —2>20M0N>0 200> 2>20M0N>
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Industrial designer

Civil engineer

Fashion designer

Policy advisor in political and internation;
relations

Recruitment and selection advisor
Damage expert
Agricultural technician
Teacher

Business economist
Accountant

Electrical engineer
Biologist

Art/music teacher
Speech therapist

Bank manager
Landscapearchitect
Physicist

Editor

Student counselor

Tax supervisor
Neurologist

Policy advisor art and culture
Educator

Marketing manager
Safety advisor
Construction manager
Historian

Director

Communication manager
Manager (of a company)
Judge

Forester

Researcher

Graphic designer
Psychologist

Lawyer

Notary

Mathematician

Art historian

Social worker

Politician

Pilot

Pharmacist

Linguist

Divorce mediator
Journalist

Structural engineer

Lab assistant
Photographer

Nurse
Advertisingcampaign manager
Chemist

Tax specialist

Architect

Artist

Educational scientist
Librarian

Philosopher

Representative

m>X»— 2D
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60
61
62
63
64
65
66

Geneticist
Interior designer
Estate agent
Physiotherapist
Meteorologist
Sales manager
Statistician

-—m—-ounm>»>

* item specific for students from nedgnglish speaking countries
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Chapter 4: Basic mathematics test predicts statistics achievemeand overall first year
academicsuccess
Abstract

In the psychology and educational science programs at Ghent Universit6ohl%o
of the new incoming students in 2011 and 2012 passed all exams. Despite avadability
information, many students underestimate the scientific chamafcsacial science programs.
Statistics courses are a major obstacle in this matter. Not all enrolling studentsimedsssic
mathematical skills needed to pass statistics courses. Therefore, we propose aneastiras
these skills. Our aim is to amine the predictive validity of the test with regardh® statistics
course and also as to overall academic success. The results indicate that aetgsbasic
mathematics skills helgs identify atrisk students at and before the start ofab@@mic year.
The practical implications of these results discussed. The test aids #fecient use of means
for remedial interventions and supports future students in chookighexr education program

that suits their potential.

3 Fonteyne L., De Fruyt, F., Dewulf, N., Duyck, W., Eral K., Goeminne, K.Lammertyn, J., Marchant, T.,
Moerkerke, B., Oosterlinck, TRosseel, Y. (2014). Basic mathematics test predicts statistics achievement and
overall first year academic succelSsropean Journal of Psychology of Educatitw24.doi:10.1007/s1021P14

02309
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Introduction

Successates in higher education are low. The Organization for Economap€mtion
andDevelopment reported that at this levalér 19 OECD countries) 34 of tertiary education
students failed to complete a program (OECD and Indica2038). Moreover, theasts of
student dropout are high. For exampl e, t he
studentis $16,000 (Cantillon et al2005). Therefore, governments, instituts, and students
are in searclof factors that can help determine whether someateass or not. Attrition
problems arenanifest worldwide, but the open access policy of the Flanders educational system
posesadditional challenges. Therefore, before discussing the determinants for academic
achievemenin the literature, a shoftaming of the specific Flemish educational context is in
order.
The FlandersEducation System: Sructure and Admission

There are four types of secondary education (SE) prograrftanders. The first,
general SEGSE), has an emphasis on broad generalaaun and provides a solid foundation
for highereducation. Second, technical SE (TSE) emphasizes general and technical matters and
preparedor a profession or to still pass on to higher education, which is less frequent. Third,
secondanarts educatiotASE) combines a broad general education with active arts practice.
Finally, vocational SE (VSE) is a practicgiented education in which young people learn a
specificprofession (Education in Flande2908).

Flemish higher education could be describgdiaary (Arum et al.2007). Itconsists
of two main types of programs: academic and professional. Academic programsinly
organized by universities, whereas university colleges prquotessional programs with an
emphasis on executive iB& The professional program&ead to a bachelor degree and
correspond to the Bologna first cycle prograwofs 180 European Credit Transfer and

Accumulation System (ECTS) (The Bolognaclaration1999). Academic programs also lead
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to a bachelor degres first, bu thefinality is to complement this degree by a master. Academic
programs thus correspomaithe Bologna twaycle programs (for a detailed description of the
higher educatiosystem in Flanders, we refer to Kelchtermans and Verboven (2008)).

Althoughsome SE programs do not typically prepare for higldeication, studentan
enter almost all tertiarydeication programs when they obtained a degree &mof these four
SE programs. There is no numenlgusus there are no requiremerds the gradeshtained
during SE for access tadhmer education, and there amith the exception of medical and
artistic programs, no entrance exams. Moreotr@re is a policy of high subsidies and very
low tuition fees (Kelchtermans asgrboven 2008), which are fyically less than $800/year.

These measures aim to guarantee socially fair access and improve participation in higher
education but have the disadvantage that t hi
year . o0 | n gener alg, noteven lalf of the ngveyaenrolledfstudertsypdsy i n
(Rombaut2006). As mentioned, this implies a high cost for students, parents, institutions, and
the government (Declercq and Verboy2a10).

Educational Background and Sudent Success

Because the systeis open to anyone who has completed SE, virtually all programs
show alarge heterogeneity in SBackgrounds of new incoming students. For example, the
amount ofmathematics instruction in SE variesween 0 (in VSE programs) antl n some
GSE programs) per week. This heterogeneity is reflected in the differences in passing rates,
especially in academic bachelor programs which have a foctesearch and scientific skills
and knowledge. Students with a VSE degree are consistently less sudbessthose with a
general degree, with success rates of students with technical and arts degrees fluctuating
between these extreméBeclercq and Verbover2010; Rombauyt2006; Ministerie van
Onderwijs en Vorming2009; Netwerk studieen trajectbegeleidg Universiteit Gent2012).

Even within thegroup of students with a general secondary degree, there are major differences
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in higher education success rates. Students with a general degree focusing on classical
languagesmathematics, and science tendotttperform students with a general degree that
focuses ormodern languages or social sciences.

The average success rate of newly enrolled studetite &aculty of Psychology and
Educational Sciences of Ghent University (during the academic 28882006 to 2008
2009) is 49.% (Netwerk studie en trajectbegeleiding Universiteit Ge2012). During the
academic years 2012012 and2012 2013, only 36.% of these new studerpiassed all exams
successfully. So, rates are dropping.

One of the contributing tors to these low success rates is a suboptimal knowledge of
what academic programs entail. Many students seem to underestimate the scientific character
of programs in the social sciences. Especially statistics courses are a major obstacle in this
matter.For example, Murtonen and Lehtinen (2003a, b) showed that social science students
rated statistics courses as the most abstract and difficulcsupny of these students féitat
they were nofmmathematical persons and as such could not learn matbahsatjectsSome
students were even convinced that no relevant information in human scienceobéariesl
through quantitative methods.

On the other hand, educational background does notiexmapletely why some
studentgpass and others do not.rlexample, a lot of students succeed despite the fact that they
comefrom SE programs that do not prepare them specifically for (academic) tertiary education.
This might be the result of the fact that not only cognitive factors contribute to the ch&Ee of
schooling, but also social class (Werfhorst et24l03). Hence, the obtained secondary degree
does not always reflect the ability of students to copé the requirements of academic

programs in general and the statistics courses specificallyhé&e,is a clear need not only in

student s, but also i n student counsel or s an

competences and chances of success.
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Statistics Courses in the $cial Sciences

Most graduate students enrolled in social anchtaehnal sciences programs worldwide
are required to take at least one statistics course and/or a quaniiated research
methodologycourse as part of their program (Onwuegb2@93). It is widely acknowledged
thatstatistics and quantitative methaxsirses cause problems (Murtonen and Leht2@03a,

b), especially for students in social sciences, who generally have less interest and schooling in
mathematical subjects. As a result, factors related to success in statistics courses have been the
subgct of research.

As Lalonde and Gardner stated (1993), most of the variables that have been examined
regarding the acquisition of statistical knowledge fall within three broad categories: anxiety,
attitudes, and ability.

Several scholars have addressedrfieence of attitudes toward statistics (Budé et al.
2007; Cashin and EImqr2005; Chiesi and Prim2010; Gal and Ginsbuyd994; Schau et al.

1995). The general conclusion of these studies is that more positive attitudes relate to better
examresults (Vanhoof et gl2006). The negative impact of statistics anxiety on performance
has also been widely documented (e.g., Chiesi and ,R@10; Macher et gl12011 Mellanby

and Zimdars2010; Musch and Brodet999; Vigil-Colet et al. 2008).

In this study, we will focus on the third category: ability. Both very specific abilities,
such asspatial visualization ability (EImore and VaslB80) and general abilities, such as
intelligence have been examined in relation to statisticeievement. Nunmeus studies have
demonstrateda strong positive correlation between general intelligence exhatational
outcomes (Kuncel l., 2004). In the current study, the primary concern was that seeing the
influx of students wittvery dissimilar backgrounds, nall enrolling students mastéhe basic

mathematical skillneeded to pass statistics courses and perhaps also to pass many other
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courses that rely oempirical evidence and research. Mathematic ability is therefore the
primary variable ofnterest in theurrent study.

A few earlier studies have already addressed the importance of mathematical skills for
achievement in statistics courses (Chiesi and P&010; Harlow et a).2002; Lalonde and
Gardney 1993; Schutz et al1998). Garfield and Ahlgren (88) pointed out that one tiie
reasons that students have difficulties grasping the fundamental ideas of probabilifacs the
that many students have underlying difficulties withiorzél number concepts and basic
concepts involving fractionslecimals, and percentages.

Mathematical skills have often been operationalized by previous mathematical
achievement(e.g., Musch and Brodef999; Onwuegbuzje2003; Tremblay et gl.2000;
Wisenbaker et gl2000). Others have constructed tests to measatikeematical skills (Harlow
et al, 2002;Lalonde and Gardnet993; Schutz et al1998). More recently, Galli et al. (2011)
and Johnsomnd Kuennen (2006) have created a specific test measuring basic mathematics
skills. Bothstudies provide evidence did significant contribution of tise skills to predict
results orstatistics exams. Galli et al. (2011) found that students with low mathematical ability
hadsignificantly lower grades than students with a medmigh ability. Johnson and Kuennen
(2006) faund that students who answered all basic mathematics questions correctly were likely
to earn a half to a full letter grade higher in an introoiyctbusiness statistics course.
Consequently, they raised the question whether basic math skills may be iporeunthan
previously recognized. Ballard and Johnson (2004) came to a similar conclusion with regard to
an introductory microeconomics course. They found mastery of extremely basic quantitative
skills to be the most important factor for course sucags) more than American College
Testing (ACT) math scores.

None of these studies, however, examined the extent to which these measures

discriminatebetween students passing their first year successfully and those who did not. In
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social scienceprograms atGhent University, passing the first year is closely associated with
passing thetatistics exam: 8598 of the students that did not pass the first year also failed the
statisticsexam. Since passing the statistics course is required to passttlyedr, none of the
studentdailing the statistics course passed the first year. Of the students that pass the statistics
course,79.2%6 passes the first year. Seventeen percent of the failing students pass all courses
exceptthe statistics course (tleeare 12 courses in the standard package of 60 ECTS credits).
In othersettings as well, students have been reported to view statistics courses as a major threat
to theattainment of a degree (Onwuegbyai@95). For many students at least, this seems to b
notfar from the truth.
From Success in theStatistics Course toOverall AcademicSuccess

Observing the generally acknowledged relation between performance in statistics
courses andgjeneral academic achievement in social science programssutpssing that
studies examininghis relation are, to our knowledge, reristent. Math subscales of
standardized testée.g., Scholastic Aptitude Test and ACT) link mathematical ability to
academic achievemenbut they might lack the specificity to @&ss mathematicalbdity
necessary for statisticsourses in nomathematical majors (Galli et al2011). If basic
mathematical skills contributi® the variance in statistics achievement and if there is a high
correlation between statistiashievementrad general achievement, the question rises whether
a basic mathematics test aantribute to the prediction of general academic achievement.

Our aim was to propose and validate an g¢asydminister test that measures basic
mathematical skills considerettal to successfully take on an introductory statistics couarse
an academic bachelor program. This test was therefore not primarily aimed to discriminate
between the better performing students. Because of the heterogeneity of new irstadents
andthe lack of standardized testing in the Flemishoation system, this test cowddpecially

help identify atrisk students. In addition, we examined to what extent basthematical skills
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predict overall academic success. To further substantiate thesxaminedhe relation between
the mathematics test and success inmathematical courses. As suthis test may offer a
valuable tool in the choice of a major in tertiary education.

To summarize, our goal was twofold:
1. Determining whether a basic thematics test cgoredict academic achievementtatistics
over and above SE background. Can we predict who will pass the statistin®
2. Determining whether a basic mathematics test cangbrgeineral academic achievement
over and above SE backgral. Can we predict who will pass the first year successfiilly?
further substantiatéis, analyses of success in Amathematical courses are added.

Method

Instruments

Construction of the mathematics test: construct definition and item generatiornto
constructthe mathematics test, two matters were considered: the mathematical skills that
students arsupposed to have acquired by the end of SE as described by the Department of
EducationirFl anders (AVakgebonden eindt ASOe&n aerdde
the mathematicaprerequisites for the introductory statistics course in the bachelors of
psychology aneducational sciences. The latter were evaluated by teachers and experts in the
field of statisticsand by faculty guidance counselors whd baen administering informal tests
of basicmathematical skills to first year students since 2 years.

A pool of items was developed reflecting basic numerical mastery to be achfexed
SE and reflecting prerequisites to enroll the introductory stgisburse. Theseems can be
subdivided in seven mathematical topics: numerical knowledge amatdbe of operations,
operations with decimal numbers, operations with brackets, operatittngactions, algebra:
working with unknown variables, percengsgproportionsand the rule of three. One example

guestion is Al f a riunnS rmirnu,n sh oown naavneyr ahgaes 1h ek
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Appendix for full 2Gitem scale)Question format was varied. Open questions, yes/no items,
and multiplechoicequestionsvere alternated.

Reliability analysis of the currently stu
which shows that scores on the mathematics test were fairly reliable, (E0€1€). This
coefficient is acceptable according to recommendat®et forth for preliminary anbasic
research, and it is in line with the mean .77 alpha reported in previous $Reti@s0oN1994).

To avoid cheating, the test was constructed in four different versions in which the
sequence of items was varied. Tcagantee comparability, the effect of item sequenes
checked. An analysis of variance test shows that test scores did not differtestesssions
(F(3,1935)=0.06, p=.98). Hence, all verss were aggregated for furtheralysis.

Background variables Information on the background variable SE diploma and
number ofhours of mathematics instruction in SE was obtained from the university database.
Studentswere asked to give this information when enrolling for the first time at Ghent
University.

Achievemat measures The academic year in Flanders starts at the end of September
and consists of two semesters. At the end of each semester, exams are orgariaeel ttee
courses taken during the past semester. This gives students a first clpaoge tbathey have
acquired the contents of eacburse. In Flanders, gradeshigher education vary between 0
and 20, with a score of 10 as the passing criteH@astudent does not obtain a score of 10 or
higher for the taken courses, he or gkés a secahchance to pass the exam. Thus, sitgle
get two attempts at passiegch course during one academic year.

Grades were obtained from the ungradeer si ty
obtained in the introductory statistics course irrespectiveechtount othances taken on the
exam. Statistics achievement was further operationalizédpaa s si ng st ati sti cso

variable that indicated whether a student obtasggade of 10 or higher or not). Results on
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two nonmathematical coursewere also analyzed. The introductory psychology course
(Apasgpssyicnhgolamgly d he sociology course (fipassing
of theirinclusion in both the psychology and the educational science prpgradbhecause

these are not metholdgical or statistical and are introductory courses in the @ie&ludy that

students signed up for. The contents should therefore be cladely gned to t he ¢
interests.

General achievement was oper at whchisthei zed a
ratio of the number of credits that a student obtained over the numbedds that he or she
subscribed for. Thus, a GSR of 100 means that the stpdssed all enrolled courses. This rate
was furtherdt hot omi zed asyeApaséyag bdhend)r st
Data Collection

The papeiandpencil test was administered in the second week of the academic year
during the introductory statistics class. The advantages of this early administration were
threefold.First, in the second week of the acame year, dropout was negxistent or at least
very low.Secondly, class attendance decreases as the semester advances (VanEl8&om
Thirdly, as the semester advances, students gain knowledge andrekillmight bias our
measures ahitial compeence and, therefore, confound predictive validity. Thus, assessments
early in thesemester positively impacted the response rate, and results on the mathematics test
were lesscontaminated by skills and knowledge gained throughout the academic year. All
studentsattending the class were asked to fill out the test, and they were informed that results
would beused only for research purposes.

Participants

In the academic years 202012 and 2012013, 1,278 new students enrolled at the

Faculty of Psychologyand Educational $ences. Of these students, 8®.9illed out the

mathematicsest, so responses of 1,034 students were analyzed. Eighty seven point two percent
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of the sample were females. The proportion of female students is traditionally high in these
mgors, but this sample proportion was slightly higher than the proportion of female first
generatiorstudents (84% in the academic years 2G2D12 and 201i22013). Ninety seven
point thregpercent of the sample was enrolled in the standard package ofTe® dE€xits.
Procedure

First, several-tests were carried out to determine whether the sample$ 2012and
2012 2013 differed significantly with regard to the dependent and indepem@asures. Next,
we examined whether there was a significant reldiEtween the testcore and the outcome
variables (passing statis$i, passing psychology, passsagiology, and passing the first year)
through correlational analysis andests. Third, we conducted a preliminary analysis to
determine whether the maintoamevariables differed as a function of several background
variables. If so, these variablegre included in logistic regression analysis to determine
whether our mathematidest could improve prediction of outcome above and beyond these
background vaables.Finally, sequential logistic regression was used to determine whether our
mathematics test helped in the prediction of the outcome variables.

Results
Cohort Comparison

To determine whether the cohorts of 202012 and 20112013 differedsignificantly
on thedependent and independent variables, inddget ttests were carried out.

The ttests showed that there were no significant differences in passing the first year
between students from the 202012 cohorti=.42, SD=.49) and thogeom the2012 2013
cohort (M=.38, SD=.49) (1,027)=1.28,p=.20). There were no significamlifferences in
passing the statistics coursgl(025)3 .68, p=.50), in passingsychology {(1,024)=.01p=1),
or in passing sociologyt((L,011)=1.66p=.10) betweenstudents from the 2012012 cohort

(M=.48,SD=.50;M=.77,SD=.42 andM =.68,SD=.47, respectively) and those from the 2012
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2013 cohortl=.50,SD=.50;M=.77,SD=.42 andVI=.63,SD=.48, respectively). Cohort 2001
2012 M=3.54,SD=1.68) and cohort 22 2013 M=3.60,SD=1.50) did not differ with regard
to thehours of mathematics instruction in SES78) .53, p=.60). Mathematics test score
differences were also insignifican¢y,032)=.77p=.44) between cohort 2002012(M=14.85,
SD=3.55) and coht» 2012 2013 (M=14.68,SD=3.30).

These tests indicated that there were no significant differences in outcomes, features, or
testresponses between cohorts. Thus, we felt safe to aggtbgatata for further analyses.
Descriptive Statistics and Bivariate Correlations

Descriptive statistics of the mathematics test scoreScores on the mathematics test
variedbetween 2 and 20 with a mean score of 14S0¥8.44). Skewness was57 (SD=.08).
Taking the rule of thumb that a skewness value more than twiseridard erroindicates a
departure from symmetry (De Laurentis et aD10), score®n the mathematictest were
negatively skewed. This might indicate a ceiling effect, resultingprse discrimination at the
high end of the scale, which is plausilale the test aimednly to assess basic startilayel
competences. Kurtosis.(6) was less than twice gsandard error (.15), indicating that the test
scores did not significantly differ fromesokurtic distribution.

Descriptive statistics and correlatonal analysis Table 1 provides descriptive
statistics obther variables measured and included in the analysis. For all continuous variables
(mathematics test score, statistics score, GSR, and hours of mathematics Re&8Edn
correlations are given. Point biserial correlations (rpb) are shown fdrchetomous outcome
variables. The statfics course was passed by 48.8f thesample, the psychologyurse by

76.7%, the sociology course by 6% 2and thdirst year secessfully by 4.
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Table 1 Descriptive statistics and correlations

Variable Mean SD Math  Statistics GSR Hours of Passing Passing Passing Passing the
test score math in  statistics psychology  sociology first year
score SE

Math test score 14.77 3.44 1.00 A43%* .35 37 39%* rpp 26%* rpp 25% 1o .33% rpp

Statistics score 7.70 5.10 1.00 75%* .32%* 81%* rpp S55% rpp 53% rpp L 1o

GSR 71.42  33.18 1.00 23%* 73 top 76 top 71 rop T1% rop

Hours of math instruction in SE 3.44 1.72 1.00 28%* rpp 9% rpp A% rpp 26%* rpp

GSRgeneral success rateEsecondary educationg, point biserial correlation
** Correlation is significant at the 0.01 level (tvtailed)
Table 2 Differences in passing (statistics course) between SE diploma categories
a. Differences in passing statistics course between SE diploma categories
GSE1, GSE2, GSE3 GSE4 TSE, VSE, ASE NonFlemish

% Passing statistics per SE category 66.2% a 41% b 10% c 25% b, c

% Failing statistics per SE category 33.8% a 59% b 90% c 75% b, c

N 405 530 60 16

b. Differences in passing the first year between SE diploma categories

GSE1, GSE2, GSE3 GSE4 TSE, VSE, ASE NornFlemish

% Passing per SE category 57%d 31.9% e 4.8% f 12.5% e, f

% Failing per SE category 43% d 68.1% e 95.2% f 87.5% e, f

N 405 527 62 16

Each letter denotes a subset of SE categories whose column proportions do not differ significantly from each otheleaethe .05
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An independent sample -test
showed that students passing the statistics
exam scored significantly higher on the
mathematics testM=16.15,SD=2.96) than
studentsnot passing the statistics exam
(M=13.44, SD=3.35) ((1,025)5 13.75,
p<.01). Significant differences in math test
score were also found between students
passing (M=15.25, SD=3.23) and failing
(M=13.11,SD=3.64) the psychology exam
(t(1,024)5 8.66, p<.01) and students
passing M=15.39, SD=3.16) and failing
(M=13.60, SD=3.68) the sociology exam
(t(1,011)5 7.73, p<.01). Students passing
the first year successfully alsscored
significantly higher on the mathematics test
(M=16.16,SD=2.92) than those who drtbt
(M=13.86, SD=3.45) ((1,027)3 11.55,
p<.01). Figure 1 shows passedailed

distribution as a furton of mathematics

test score.
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Passing the statistics
1 course

Failed
Passed

15.0%

Percent

5.0%

2 35 6 7 8 90N 2131456171819 220

Mathematics test score

Passing the first year

Failed
Passed

Fig. 1. Distribution of mathematics test
scores and passddiled categories of the

statistics course (top) and the first year
(bottom)

































































































































































































































































































































































































































