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Summary

Context, research question and main result

Students starting off on a tertiary education program but then dropping out again before
obtaining their degree is a big problem worldwide. One of the most important reasons
mentioned for this is “making the wrong study choice”. Proper information can help high
school students to make a ‘right’ choice.

The Delft University of Technology, together with the Erasmus University Rotterdam, just
started up a new joint bachelor program “Nanobiology”. Their very first students are
starting their education this year, 2012-2013. Because the program is brand new it is
crucial for prospective students as well as for the program that as little as possible
students make ‘the wrong study choice’ by enrolling in the program. To address this
challenge the Head of Marketing, Information and Communication invited me to do a
graduation research on the topic of study choice and study success, using the

Nanobiology bachelor’'s program as a case. The research question that will be answered is:

In order to contribute towards preventing dropout in the future Nanobiology student
population, by a) encouraging prospective students with a high probability to be
successtul in the program, to consider enrolment, while b) discouraging prospective
students who have a low probability to be successful in the program, from enrolment:
which information elements about the Nanobiology program should be emphasized in
communication with high school students?

The answer this research gives to the question is: content related to the “Exact” side of
the program should be emphasized in communication with high school students from the
target group. The main target group is 5 and 6 VWO students with an NT or NG profiles.
In this way students that ‘fit’ the study - where ¥fit’ is defined in terms of interest in the
study as well as success probability in the study - are attracted, while students that do
not ‘fit’ the study are repelled. Also, emphasis on the generalist careers types “science
journalist” and “science advisor” - that can be pursued through a much broader range
programs apart from this particular study - should be avoided, as this would have the
opposite effect.

This research also uncovered other themes and career types that are core to the
Nanobiology bachelor in the minds of the target population. These are:

Program content theme’s: “Biomedical/Molecular Biology”; “Exact/STEM related”;
“Unfamiliar/Nanobiology specific”; and “Fundamental Science”.

Other program theme’s: International; Innovative/specialist;

Career type theme’s: Technical/Scientific career emphasis; Biomedical career emphasis;
Generalist or “Alpha Direction”.

Method used

To answer the research question both qualitative and quantitative methods were used.
The qualitative methods included: 1) a literature study to uncover the factors that



influence high school students’ in choosing a higher education program as well as the
factors associated with success in higher education programs; and 2) a qualitative
analysis of what constitutes the Nanobiology program, primarily in terms of program
content and career perspectives. A questionnaire was developed from this and used to
sample the target group, measuring indicators of interest in the Nanobiology program as
well as future success probabilities in studying the program. The total sample consisted
of 440 5VWO respondents with NT, NG or double profiles. Part of the methodology was
to segment the sample population in terms of the measured indicators of interest and
success. Using cluster analysis four segments appeared: two interested segments,
“dream” and “risky” — the first with high success chances and the second with low
success chances - and two uninterested segments, “potential” and “rest”. Only the first
two segments turned out to be of real interest. The “Exact/STEM related” theme within
the Nanobiology program received a positive score from the “dream” cluster and
negative scores from the “risky” cluster, making it the perfect theme to emphasize in
informing the target group.
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1 Introduction

1.1 Background of the research

Students starting off on a tertiary education program but then dropping out again before obtaining their
degree is a big problem worldwide. Because it has such big economic and societal effects, intense research
has been carried out into this phenomenon over the past 50 years (Tinto, 1975%). Dropout has
consequences not only at the micro level of the individual student and the macro level of society at large
but also at the meso level of tertiary education institutions and their departments.

One of the most important reason for dropout? (Van den Broek et al., 2009), is *having made the wrong
study choice.” The topic of how students make study choices is therefore closely related to the topic of
dropout.

With 33% of students in the Netherlands dropping out of higher education during their first year (Leest,
2011) the problem of dropout and the question how high school students make a choice for a tertiary
education institute and program is also very important in this country. Especially in relation to Beta-
Technical studies, because of the growing demand for workforce educated in this area, and the decline of
interest in this direction amongst high school students. In addition to this, new government policy with
regard to higher education, heavily fining students who do not finish their programs in time together with
their universities®, will be enforced in practice this year for the first time. The financial cost of dropout for
both students and universities will therefore become intensified. Making ‘the right choice’ therefore
becomes even more important. The question arises, what can be done to encourage these ‘right chioces’
to be made?

The issues mentioned above on the costs of dropout and the importance of students making a proper
study choice become intensified when it concerns a brand new program. The stakes are higher, especially
for the institution offering the program, and the risks are bigger, especially for the student. The student
choosing to enroll in a brand new program instead of an established program cannot talk to students
already in the program to hear their experiences; has no examples available of possible career paths after
the study; and has relatively little to base his/her trust in future educational quality of the program upon.
The brand new program itself on the other hand depends much more intensely on the students recruited
for development of it's quality, identity and ultimately it’s survival than an established program.

For new programs it is therefore even more important than for established programs to recruit the ‘right’
type of student: a student that will fit the program and help shape it; fit and help shape his/her peers; and
ultimately be successful in the program. Figuring out what type of student will fit a program that is brand
new is off course very hard. This makes it a challenge for new programs to recruit the ‘right’ student, and
for high school students to determine whether they fit with the program. New programs therefore serve
as very interesting case-studies as well as very thankful commissioners for research into high school
student study choice and future success.

The Delft University of Technology, together with the Erasmus University Rotterdam, are about to start a
new bachelor program “Nanobiology”, combining (quantitative) Molecular Biology with (Applied) Physics:

! Tinto (1975) reviews some of the early work in this area.
2 mentioned just below ‘personal problems’ in Van den Broek et al., 2009
3 The so called ‘langstudeerboete’. The measure is under discussion however.
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an interdisciplinary program which is brand new in both character and content. Traditionally, (Molecular)
Biology and Physics are not taught together and form rather separate disciplines. The aim of combining
these two scientific fields in a truly interdisciplinary program is new and anticipates an ongoing
development in scientific practice of the two fields growing towards each other. The program has no direct
comparison in the Netherlands. Because the program is brand new it is of utmost importance to the
current and future success and quality of this new program to recruit the ‘right’ students in its startup
years, especially as the study is intended to be small scale (~50 students per year). The students recruited
in the first years will co-shape the program and co-shape their peers’ academic experience to a very large
extent. A high-dropout rate could pose big problems. A student body that does not fit with the program
could pose big challenges too. The question therefore arises, what measures can be taken to encourage
matchmaking between student and program? In other words, what measures can be taken to raise the
probability that the students who fit the Nanobiology program and have a high probability of being
successful in it are indeed the ones that enroll in the program?

All of the above forms the background of this research. To address the question described above, the
head of Marketing and Communication at the Department of TNW of the Delft University of Technology
invited me to do my graduation research with them, using the Nanobiology program as a case-study.

Since the role of a university department’s marketing, information and communications team in this
process is limited - the best the university can do is to provide proper information to the student — some of
the questions the university department’s marketing, information and communications team faces are:
what constitutes proper information about a program? Can proper information even really contribute to
help students make the ‘right’ study choice and in this way help lower the dropout rate? And if yes, which
type of information should be emphasized in order to achieve this goal? Of all the information there is
about a program, what should be included in the limited space of a flyer or a website and in the limited
time of a presentation on the program’s open days? These questions bring us to the research goal and
question of this thesis, that will follow in the next section.

Relation to my master program: Science Education and Communication

This thesis is a graduation project of the master program Science Education and Communication at the
Delft University of Technology in The Netherlands. How can this research topic be related to the discipline
I am graduating in: Science Education and Communication?

First, this research is clearly positioned at the borderline between science (the content of the Nanobiology
program), education (the goal of the Nanobiology program) and communication (one of the tools that can
be used to overcome the challenges for establishment of the Nanobiology program). Because I have a
background in the content of the program (as a Bionanoscience graduate) and am now combining this
with a science education and communication masters’ program, I am in a good position for doing this type
of border area research.

Secondly, there are two big challenges that the marketing, information and communication department
faces in informing high school students eligible for enrolment in their program. One is the challenge of
choosing the right information elements or concepts to use in their information efforts, the other one is to
use the correct type of terminology. It is a challenge to translate the concepts from higher education into
concepts that are familiar to high school students and at the same time similar to the higher education
concepts, as these worlds are far apart. Concept context learning in Science & Technology education
therefore forms an important part of the research at the Department of Science Education and
Communication. One goal is to understand how high school pupils learn (science and technology) concepts.
Another goal is to get hold of the core concepts that define science and technology (see for example
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Rossouw et al., 2010). I believe that with this theses I can provide the marketing, information and
communication department with the information they need in order to reach this goal.

1.2 Scope and Aim

The problem I want to address with this research is high school student dropout due to students making
the wrong study choice. As my commissioner is the marketing department of the faculty TNW at the TU
Delft, I will look for solutions that can be executed by their marketing, information and communications
department. As their main activity is informing prospective students, the question is if proper information
can help students self-select, ‘match’ themselves to a study that fits them so that they won't drop out
again because they discover that it's been a wrong study choice. The question then becomes, what type of
information can help students self select in a way that lowers dropout rates?

According to Leest (2011), students make a choice regarding tertiary education at two levels: the
institutional level and the program level. Half of the general Dutch student population first choose their
program and then there university. The other half first choose the university and then the program or
choose both at the same time* (Leest, 2011). Because my commissioner’s interest lies in the program level,
I will only look at choice processes concerning higher education programs and not choice processes
concerning universities.

Ethical considerations
As mentioned before, study choices have big consequences at many levels, not only at the level of the
higher education institution offering the study program. An individual’s study choices will greatly influence
his or her life and all the individual’s combined choices will shape a nation to a large extent. Considering
that on top of this, universities in the Netherlands are largely publicly funded, this raises questions
regarding the ethical aspects of influencing student’s study choices with university marketing. Considering
the diversity of stakeholders and the diversity of their needs, this is a very complex subject. I will not dive
into this ethical issue in this research, but will touch upon it briefly in the discussion.

1.3 Research goal and question

The question that will be addressed in this thesis is: “7n order to contribute towards preventing dropout in
the future Nanobiology student population, by a) encouraging prospective students with a high probability
to be successtul in the program, to consider enrolment, while b) discouraging prospective students who
have a low probability to be successful in the program, from enrolment: which information elements about
the Nanobiology program should be emphasized in communication with high school students?

The research goal becomes:

“To determine which (content) aspects of the Nanobiology bachelor’s program should be emphasized in
the communication with (5" and) 6™ year VWO high school students about this program, in order to
inform and attract students that are likely to succeed in the Nanobiology bachelor’s program and inform
and discourage students that are unlikely to succeed in the program.”

Research (Bloemen & Dellaert, 2000), (Van den Broek et al., 2009) has shown that content is the most
important single factor influencing students’ study choice. It also shows the strongest correlation with not

* Interestingly these percentages are slightly different for TU Delft. Of the TU Delft population about one third of
students first chose their institution and then the program, one third first chose their program and then their
institution and one third chose these two more or less simulteneously (LEEST, 2011).
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changing the chosen study and expecting to finish the study, which is how Broek (Broek et al., 2009)
defines “making the right study choice”. In this study the emphasis will therefore be on content elements
of the program.

If there are content aspects of the Nanobiology program that have an attracting influence on students that
are likely to succeed in this program, and at the same time a repelling influence on students that are
unlikely to succeed in the Nanobiology program, these content aspects could be used to develop strategic
communication.

To uncover these elements, the population first has to be segmented in terms of attraction towards the
Nanobiology program and likelihood of study success in this program. This will give us roughly four
segments or four types of students within the target population:

a) students that are attracted to the program and likely to succeed in the program (the ‘dream’ student)
b) students that are attracted to the program but unlikely to succeed in the program (the ‘risky’ student)

¢) students that are not attracted to the program but nevertheless likely to succeed in the program (the
‘potential’ student)

d) students that are neither attracted to the program nor likely to succeed in the program (the ‘rest’
student)

The attractiveness of each (content) aspect of the program can then be measured for the various
segments.

Communication efforts towards the ‘dream’ and the ‘rest’ students are the easiest. Any type of honest
communication towards students in these segments would encourage them to follow their natural
inclinations and this seems best for both the program and the student. However, the ‘risky’ student might
be encouraged to enroll if communication towards this student is not well thought through. This could
prove to be a problem for both the student and the program, as this type of student might discover that
the program is too difficult or doesn't fit him/her. Knowing which program (content) aspects repel this type
of student could be very valuable for both the student and the program as emphasis on these aspects
could encourage this type of student to reconsider enrolment in this program.

Research sub questions:

Summarizing, this results in the following research sub questions:

I) What factors besides ‘content’, influence higher education study choice of high school students
that are eligible to enroll in a Beta-Technical higher education? And what is the relative
importance attached to each of these factors by the target group?

1) What are the core (content) aspects that define the Nanobiology program?

III) Using the answer to I), which (content) aspects of the Nanobiology program could influence the
study choice of the target group?

V) What factors influence student success likelihood in higher education programs, in particular in
programs that resemble the Nanobiology program?

V) Could emphasis on some of these (content) aspects of the Nanobiology program serve as
controls in marketing, to attract students from so called “dream segments” and repel students
from so called “risky” segments using the exact same marketing material?

VI) Are there differences in the relative importance attached to the choice factors found in I) for
different segments of the target population? If so, could these be used as additional controls in
segmented marketing?

The strategy that will be followed to answer the sub questions, is the following:
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Sub question I) and IV) will be answered by means of a literature review. The outcome of the literature
review for I) will also be checked empirically in a questionnaire taken with the target group. Sub question
II) will be answered by means of a qualitative analysis of the Nanobiology bachelor’s program, to uncover
the core aspects that define this program in terms of the factors found in I). Sub question III) will be
answered empirically, by means of a questionnaire and subsequent quantitative analysis. Sub question V)
and VI) will be answered by means of quantitative analysis of the results from the survey. This will be
done by a) segmenting the respondent population; b) calculating the mean score per segment for each
(content) aspects of the program; c) comparing the mean scores between the segments and d) comparing
the relative importance attached to the choice factors between the segments.

The outcome of all of this could inform strategic marketing and communication, aimed at encouraging
“prospective students with a high probability to be successful in the study”, to consider enrolment — while
discouraging “prospective students with a low probability to be successful in the study” from enrolment.
This could then possibly contribute towards preventing dropout in the future Nanobiology student
population. This would then hopefully benefit both the Nanobiology program, which is vulnerable as it is
just starting up, and prospective students, who are vulnerable too considering the economic situation of
today and the strict new rules about to be applied by government, to impose fines on students that do
not finish their studies in time. As we saw, making the wrong study choice could be a costly matter to both
student and program and contributions towards preventing this could therefore benefit both parties.

1.4 Outline of this report

The rest of the report contains the following:

In Chapter 2, “Method”, the research method will be described in a qualitative and a quantitative part. The
outcome of the qualitative part is used to design a questionnaire and the questionnaire results are used as
input for the quantitative part. The qualitative part describes the literature search and the analysis of the
Nanobiology bachelor’s program. The quantitative part describes the built up of the questionnaire and the
analysis of the outcome of questionnaires, for which the statistical analysis program SPSS is used.

In Chapter 3, “Theory”, the first section gives an overview of study choice factors as well as the literature
used to find and validate these factors. Similarly, the second section gives an overview of study success
factors found in the literature as well as an overview of the literature used to find and validate these
factors. In both cases the emphasis will be on the factors relevant for Beta-Technical higher education.
The second section also includes a discussion of the relation between study choice and study success
factors.

Chapter 4, “Instrument Development and Analysis”, presents the results of the qualitative analysis of the
Nanobiology program (section 4.1), the development of the questionnaire (section 4.2) and the outcome
of the quantitative analysis of the questionnaires done in SPSS (section 4.3-4.6). The chapter concludes
with section 4.6, discussing the validity and reliability of the results. A discussion of the validity and
reliability of the results follows in section 4.7. Section 4.8 concludes the chapter summarizing the main
results necessary for answering the research questions.

In Chapter 5 “Conclusions” the main conclusions will be presented by means of answers to the research
questions.

Chapter 6 “Discussion” takes a step back and discusses the results and conclusions from this research in
relation to the existing literature. It also discusses the relationship of this research to the field of Science
Communication and gives a reflection on higher education marketing.

In Chapter 7 "Recommendations” I will give recommendations to my commissioner based on the results,
conclusions and discussion chapters.
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2 Method

To answer the research question and reach the research goal established in the
previous chapter, both qualitative and quantitative methods were used. These
methods will be described in this chapter in two parts: a qualitative part and a
quantitative part. Section 2.1 gives an overview of the entire methodology.
Sections 2.2 and 2.3 describe the qualitative part of the methodology which
consists of a) a literature study (section 2.2) and b) a qualitative analysis of
documents and video material that describe the Nanobiology program (section
2.3). Based on the outcome of the qualitative part of the research, a
questionnaire was developed (section 2.4). The outcome of the questionnaire

was analyzed quantitatively using methods described the same section.

2.1 Overview of the methodology

As established in the previous chapter, my research goal is: * 7o determine which (content) elements of
the Nanobiology bachelor’s program should be emphasized in the communication with (5" and) 6" year
VWO high school students about this program, in order to inform and attract students that are likely to
succeed in the NB bachelor’s program and inform and discourage students that are unlikely to succeed in
the program.” To reach this goal I will use a combination of qualitative and quantitative methods that will
be described in this chapter. The first half of the research will be mainly qualitative and aims at a)
uncovering the main factors that influence study choice and study success and b) uncovering the core
(content) aspects of the Nanobiology program. By matching the core aspects found in b) with the factors
influencing study choice found in a), a list can be made of the aspects of the Nanobiology program that
will have a strong influence on the choice process of high school students. Based on the outcome of the
qualitative part of the research, a questionnaire will be developed. The outcome of the questionnaire will
be analyzed quantitatively with the purpose of a) uncovering themes in the core content aspects of the
program (using factor analysis); b) segmenting the target group in terms of their likeliness to choose the
program and their likeliness to be successful in the program (using cluster analysis) and c) to determine
for each segment how attracted the high school students are to the various aspect themes of the
Nanobiology program (using difference tests such as the Mann-Whitney U test). The ideal results I hope to
find in this way are program aspect theme’s that are: a) attractive to students that have a high chance of
choosing this study as well as a high study success likelihood, and that are at the same time b) repelling to
students that have a high chance of choosing this study but a low study success likelihood. Finally,
background characteristics such as gender, VWO study profile and Beta-Technical orientation of the
different segments will be analyzed. The purpose of this last step is to determine if the various segments
are distinct from each other in terms of these characteristics. This characterization of the segments could
serve as extra validation of the results and could help to better know and understand the various
segments of the target population.
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Figure 2.1 below gives an illustration of how the final outcome can be used in strategic information by the
marketing, information and communications department.

Message after Action leading

from message

Message sent interpretation

Segment X
understands: Students from X
"The nanobiology considers
is very interesting Eeed €nrolment in the
NB bachelor
program.

and fits with my
capacities and
career ideals".

Description of the Nanobiology program: "The
Nanobiology program is X, Y, Z" with X, Y, Z
including strategic information elements (i.e.
the program aspect themes that attracts the
'right'student and repels the 'wrong' student.

Segment Y
understands:

“The nanobiology Students from Y
is NOT very does not consider
interesting and e enrolment in the
does NOT fit with NB bachelor
my capacities and program.

career ideals at
all".

Note: Segment X consist of the
'right' students (likely to be
successful in the study).

Segment Y consists of the
'wrong' students (unlikely to be
successful in the study).

Figure 2.1: Visualization of how the final outcome can be used in marketing and communication to reach
their communication goal.

2.2 Qualitative Research Part 1: Literature Study

Different types of literature have been used to understand study choice and study success:

» Research commissioned by governments and universities (providing vast amounts of very relevant
empirical data);

« Science Education literature (researching how interest in science works and how it can be influenced);

« Engineering Education literature (researching persistence and success in engineering education);

« Psychology literature (researching what are the constructs (constraints?) that influence choice and
success and the influence of self-efficacy on all of it);

« Vocational literature, i.e. Vocational Psychology (trying to understand vocational pathways);

«  Economics of Education (STEM graduates are important for economic competitiveness);

» Higher Education Marketing (to understand the role that marketing can have in stimulating enrolment
and success).
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« Sociological and communication research to understand the current state of societal attitudes towards
Nanotechnology, a separate short literature search was conducted.

Literature search for choice and success factors

To get an understanding of the topic of higher education choice processes of high school students, I
started searching the internet database Web of Knowledge, using the following keywords — choice, student,
education, high, school, college, choice (AND process(es) OR determinant), university, program, AND
(STEM OR physics OR biology), nanotechnology, nanoscience — in various combinations (see Appendix 1).

As this gave very few useful results I switched to another search strategy using full sentences in Google
(scholar). References from the (grey) literature found in this way were looked up if they contained the
keywords mentioned above for the Web of Knowledge search or concepts related to these keywords. My
commissioner and her colleague also gave me documents related to these same keywords. See Table 2.1
for the sentences used in Google (scholar), the documents found to contain valuable references (marked
with *) and the documents finally used (marked with a 7 sign and printed in bold). The documents finally
used proved very valuable and lists of study choice factors and success factors could already be made
using only this material. To validate the factors found in this highly exploratory way, a more thorough
literature search in the database Web of Knowledge was conducted later in the research process. See
tables in Appendix 3 for the keywords and search combinations used.

20



Table 2.1: Exploratory literature search on study choice

Database/Sear Keywords used Main articles/documents
ch engine used found
Web of - choice AND student AND education - none
Knowledge (Topic - highschool AND student AND college AND - none

search)

Web of
Knowledge Topic
search (at a later
stage)

choice AND processes

- university AND program AND choice AND
(process OR determinant) AND high AND
school AND (STEM OR physics OR biology)

- “university AND choice AND high AND
school? AND (“nanotechnology” OR
“nanoscience”)

- program AND choice AND student AND
higher AND education, Refined by:
Netherlands

- none: focus is mostly on
medicine and medical students

- hone

- One interesting article
(VanVonderen, 1996) #led to a
snowball effect via references,
leading to Tinto (1975) #and the
name ‘Eccles’.

Google Scholar

- “choosing tertiary education in Holland”

- “model keuzeproces vervolgopleiding
middelbare scholieren”, leading to more
interesting references.

- “model keuzeproces beta
vervolgopleiding middelbare scholieren”

- Dekker (1996): only abstract
- Berkhout & Leeuwen, 2000 7
- Knoop, 2008*

- Biermans, 2003 7

Google

- “college choice processes of high school
students”

- “Wat vinden middelbare scholieren
belangrijk bij het kiezen van een
vervolgopleiding? Welke factoren spelen
een rol?”

- (Hossler, 2004) ~

- Lange & Vierke (2009) *»
- Langen (2010) *

Experts working
at TU Delft
Marketing and
TNW Marketing

- Warps et al. (2010) 7
- Beta Mentality model 7

- Leest, 2011 ~

* Relevant because of references; "Related but not directly useful; 1Directly relevant for composing lists of choice and study

success factors.
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The bold printed documents market with an # are the documents coming out of this search that were used to
make the first list of choice and study success factors.

Literature search for attitudes towards Nanotechnology

A similar exploratory literature search was also conducted for “(high school students) attitudes towards

Nanotechnology”. See Table 2 below for the outcome of this search.

Table 2.2: Exploratory literature search on attitudes towards Nanotechnology

Database/Search Keywords used Main articles/documents
engine used found
Web of Knowledge “Nanotechnology AND perception AND (Scheufele, Corley, Shih,
(Topic search) highschool” Dalrymple, & Ho, 2009)
Google “Nanotechnology AND perception AND (Eurobarometer 2010)
highschool” produced the Eurobarometer
surveys about public attitudes toward
nanotechnology in Europe
My supervisor Van Est et al. (2004) and
Koppeschaar et al. (2011)
By accident Klop (2008)

The main conclusion from this search was that Nanoscience is still a very unfamiliar subject amongst the
general public, but the attitude of those who know something about it is generally positive (Eurobarometer
biotechnology 2010; Van Est et al.; 2004, Koppeschaar et al.; 2001, Cobb & Macoubrie, 2004; Hart, 2009).
One article pointed out that religious views are correlated to people’s view on (moral and) Nanotechnology
(Scheufele, Corley, Shih, Dalrymple, & Ho, 2009). No information was found specifically about high school
students attitudes towards Nanotechnology. Late in the research the PhD research of Klop (2008) was
found and proved very interesting as the research was concerned with high school student’s attitudes
towards (modern) biotechnology. While it does not directly cover Nanotechnology, (modern) biotechnology
is related to Nanobiology. The thesis was useful for reflection and in the discussion chapter I will therefore
briefly come back to it.

Because of the unfamiliarity amongst the general public of Nanotechnology and the lack of information on
high school student’s attitude towards the subject, I decided to use two open questions to gauge student’s
attitudes towards the term Nanobiology. Nanotechnology was furthermore treated as one of the content
elements of the bachelor and not as a separate subject.

Higher education marketing literature search

A keyword search in Web of Knowledge using the words: “Netherlands, higher, education, decision,
making, marketing, choice, process(es), model, high school, consumer” in various combinations (see
Appendix 2 for each combination and its search results) didn’t deliver articles that were relevant enough.
Typing in “higher education marketing” in Google Scholar resulted in a review (Hemsley-Brown & Oplatka,
2006) with some very relevant articles, amongst which an article that inspired me to use the method of
cluster analysis (Soutar & Turner, 2002). It also resulted in an introduction on marketing higher education
(Hayes, 2009). The article by Souter & Turner (2002) lead to more articles on choice factors of high school
leavers having to choose a university.
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Table 2.3: Exploratory literature search on higher education marketing.

Database/Search
engine used

Keywords used

Main articles/documents
found

Web of Knowledge
(Topic search)

- Netherlands, higher, education, decision,
making, marketing, choice, process(es),

- Nothing relevant

model, high, school, consumer” in various
combinations.

Google scholar “higher education marketing” Hemsley-Brown & Oplatka (2006)

*# This led to key article Soutar
&Turner (2002)* 7.

* Relevant references; "Strongly related but not directly relevant; tDirectly relevant

While this exploratory literature search led to the most relevant articles, a more thorough literature search
was conducted later on, in Web of Knowledge, to compare the results found from the (mostly) grey
literature to peer reviewed literature and to see if they fit into a certain theoretical model. The Expectancy-
Value model of Eccles et al turned out to be useful as a theoretical framework for choice as well as success
factors. Tinto's drop-out model was a bit too general to be directly useful as a theoretical model for the
success factors.

Terminology for the survey

I assumed there would be a gap in terms of terminology as well as conceptual understanding, between
what high school students learn in their VWO courses and what will be taught in the Nanobiology bachelor.
If T would directly use the content elements or concepts that I derived from the analysis of the
Nanobiology bachelor, I run the risk that the survey is not understood or wrongly understood by my VWO
target group.

To get a first estimate of this gap I consulted the documents describing what 6VWO students should
understand at the time of their final exams for the following courses: Physics, Mathematics, Chemistry and
Biology (Eindtermen VWO, 2012) . Especially the Biology document helped me to estimate what might be
(un)familiar to them.

Additionally, I searched for Biology textbooks used in 5VWO and used a summary of one of these books to
estimate what cell-biological concepts and terminology I could use in my questionnaire.

2.3 Qualitative Research Part 2: Analysis of the Nanobiology Program

To compose a list of content elements constituting the Nanobiology bachelor’s program, documentation
and Collegerama videos in connection with the development and accreditation of the program, were
analyzed qualitatively using a process similar to the one suggested by Verhoeven (2008). The process
included the following steps:

1) Collecting all potentially valuable documents, presentations and videos describing the Nanobiology
bachelor’s program. The material analyzed included: the accreditation documents, the material used
in (internal and external) information efforts, the videotaped “elevator pitches” (short summaries)
given by prospective teachers about the program and the presentation given at the TU delft open
days. For a complete list of material used, see Appendix 4.

2) Transcribing the “elevator pitch” and open days presentation videos.

3) Importing documents and transcripts into Atlas Ti.
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4) Using open coding to code text fragments that seemed to describe core aspects of the bachelor
program. The focus was on content and to a lesser extent on future perspectives, but elements of
structure were also included.

5) Organizing the codes by connecting similar codes using Atlas ti and grouping connected codes under
a family label. These family labels could be seen as core constructs defining the Nanobiology
bachelor’s program.

6) Discussing what I found (the constructs as well as the items per construct) with one of the initiators
of the Nanobiology program to enhance validity of the constructs and items per construct.

Steps 4-6 deserve some elaboration.

Step 4). Getting hold of the core content elements of the bachelor program was the main focus of the
qualitative study. Career perspectives for the prospective students were also important but they were only
defined in very general terms in the material used. Fragments describing possible job types were
nevertheless coded. Elements of structure that made the program radically different from other programs
were also coded. (For example: lessons in English). This was not the focus of the study, but as some of
the structure elements were so radically distinctive, I decided together with my commissioner that it would
be wrong to omit them. Finally, fragments that didn’t describe any of the above were seen as irrelevant
and not coded. Personal judgment was used here.

Step 5). I had made interpretations of some of the phrases in the first round already, instead of the pure
un-interpreted coding that is recommended for the first round of coding (see for example Verhoeven, 2008
and Baarda & De Goede, 2007). This was done for practical reasons, because of the vast amount of data,
but also because I had built up extensive knowledge about the bachelor’s program already. In my talks
with one of its initiators (David Griinwald) and from my own experience in the Department of
Bionanoscience, which is a co-initiator of the program, many of the ideas behind the program were already
familiar to me. It didn't make sense not to use this knowledge already in the first round of coding to
interpret text fragments.

Step 6). To check for internal validity, I discussed my findings with one of the initiators of the program
(David Grinwald) and a professor in Microbiology, see next paragraph. To further increase internal validity
I contacted another initiator, Claire Wyman as well, but couldn’t reach her in good time. The third most
relevant person to contact to increase internal validity, Martin Depken (who took over the responsibilities
with regard to the bachelor’s program from David Griinwald), gave a presentation during the TU Delft
Open Days regarding the bachelor’s program. Instead of contacting him I transcribed his presentation and
carefully coded this. This served as another perspective on the core aspects of the bachelor program and
in this way increased internal validity.

Together with David Griinwald and a professor in Microbiology, Ben Montpetit, we discussed which of the
labels I chose made sense and whether the codes under each label rightly belonged there. We also
discussed some important labels or concepts that I had missed and added them. All of this led to a few
changes. The outcome of this process can be found in Appendices 9 and 11Fout! Verwijzingsbron niet
gevonden..

Concluding

The final labels of the code clusters can be interpreted as the dimensions that constitute the Nanobiology
program. The table of these labels and the concepts included under them was used as the basis for
developing the questionnaire, which is the subject of the next section.
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2.4 Instrument Design and Quantitative Analysis

2.4.1 Explorative Research for Preliminary Instrument Design and Testing

Intermediate outcomes from the literature search and qualitative analysis of the Nanobiology program was
used to develop a preliminary questionnaire handed out to 24 interested 6VWO students who came to the
information afternoons of the bachelor’s program. Based on preliminary literature research, only a few
program documents and a brief discussion with a peer and my supervisor were used for developing the
questionnaire. It also had a large section with open questions. The goal was to get a feeling for what
would attract high school students to this program, how they perceive the program and what their attitude
is towards a few of the complicated aspects such as “nano”, “interdisciplinary” and “societal relevance”. It
was also an important pretest to find out what type of language they use and understand. Their responses
to the questions “what do you find attractive about the Nanobiology bachelor” and “what constitutes the
Nanobiology bachelor” were especially enlightening as interdisciplinary terminology was often used by the
students. This encouraged me to include interdisciplinary items in the final questionnaire and provided me
with terminology that was apparently understandable to 6VWO students.

Choosing terminology for the final questionnaire and translating the core concepts found in the qualitative
analysis, to questionnaire items understandable to 5VWO students, was done in cooperation with a high
school Physics teacher. The final questionnaire in the making was pre-tested in several ways. A former
fellow Bionanoscience student read the questionnaire from both a Nanobiology viewpoint (“Do the items
make sense as items representing a bachelor’s program that is a combination of Physics and Biology?”)
and from a former “double profile” student’s perspective (i.e. a high school student who chose scientific
school subjects representing a physical as well as a biological emphasis: "NT/NG"): "Would the
terminology make sense to a 5VWO student with a double profile?”. I also tested it with two fellow SEC
students who read the questionnaire from a Science Communication perspective (“Does the build-up of the
questionnaire make sense, does it have face value validity?”). I added most of their suggestions, which
were mostly about being unambiguous and simple in my terminology.

I then discussed it with both my supervisors, and modified it according to their comments. Their
comments were mostly about not having more than one element per question. This was important
especially in the phrasing of the questions on interdisciplinary aspects. I changed the questionnaire
according to their comments. Finally I tested the resulting questionnaire with a girl and a boy, both 5VWO
students having a double profile, during their Physics class. At the same time I tested the time required for
completing the questionnaire, with two other girls with a double profile . I modified the questionnaire
again according to their comments and tested it one last time with an girl with a physical emphasis in her
choice of subjects ("NT") . She had only one comment with regard to terminology and I incorporated that.
I tested it again with a “non-N profile” girl (e.g. having chosen subjects with an emphasis on languages or
economics) for time. It turned out that she needed much more than 10 minutes to complete the
questionnaire. I decided therefore to shorten the questionnaire and modified it again. I also checked the
final version against my initial qualitative research and brainstorming with David Griinwald and added a
few questions that I realized, in view of that brainstorm session, where missing. This result became the
final version and wasn't pretested again. It was, however, tested again by double profile and "NT”
students when I asked a total of two boys and two girls from the classes that I visited to complete the
final questionnaire out loud. Their comments provided insight into the final validity and reliability of the
questionnaire. I will elaborate on this in the discussion chapter.
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2.4.2 Explorative Research for Preliminary Instrument Design and Testing
Sampling Strategy

To answer the research sub questions 3,5 and 6) a survey was developed and put out with 5VWO
students with an NT and/or NG profile. (NT=physical emphasis; NG=biological emphasis.) The minimum
number of respondents needed per variable that you want to measure is roughly 25. (Baarda & De Goede
1997.) In the end we're interested in differences between four groups of students, divided with respect to
indicators of their success probability (high and low) and indicators of their attractedness to Nanobiology
(high or low). We want to measure differences in scores between these groups for one variable at a time.
This means we need at least 25 respondents in each group, so a sample of 100 would be the absolute
minimum. However, more respondents are definitely needed because the respondents might not be
equally distributed amongst the groups. For safety I took a respondent population of roughly four times
this big. For doing factor analysis it is also wise to have a sample size of at least 300. (Field, 2005) To
make provision for missing values and a response rate below 100%, a sample size of ~450 seemed
reasonably safe. A larger sample would become unpractical because of time constraints.

The total population of 5VWO students in The Netherlands with an NT and/or NG profile is estimated at
around 20.000 (Internal TNW document, referring to “Tweede Fase Advies Punt” 2010). To have
confidence intervals of 5% and a reliability margin of 3% for results based on a sample taken from a
population of this size, the sample size should be around 600 (see the table in chapter 6.5 of Baarda and
de Goede, 1997). My sample was smaller, for practical reasons. The results are therefore not generalizable
to the entire eligible Dutch high school student population with a 5% confidence interval. A sample of
~450 respondents is only generalizable for a population of around 2.000. This may cover the area close to
the TU however, which is the most interesting part of the population as they deliver a relatively big part of
students to the TU Delft.

As a ‘sampling frame’ a list was used that provided the mail addresses of the deans of the high schools
from which a relatively large number of pupils go to the TU Delft. The list was provided by the client
commissioning this research and is normally used by TNW, M&C for their own research and
communication. Also from a practical point of view this list was useful as it concerned schools in the region
of Delft. All deans from this list were e-mailed with the request to connect me to teachers (preferably
Chemistry or Physics teachers) of 5VWO classes with students having an NT/NG profile. Before this list
was obtained, four other schools in the region were already contacted through my personal network. The
response rate of deans and teachers was 36%. Some offered to distribute the survey themselves during
their classes and I sent them the surveys with instructions and the introductory explanation. Others invited
me to come and take the survey personally. Surveys were taken at each school that responded positively,
at between 1 and 4 classes, each comprising between about 13 and 28 students.

Instrument Build-up and Quantitative Analysis Goals

The questionnaire consists of 5 parts. Quantitative analysis of parts 2 — 5 was done using the Statistical
Analysis program SPSS (version 19).

Part 1) consists of two open questions about the word *nanobiology’ and is an exploratory investigation of
associations with and attitudes towards the name of the bachelor’s program. It is particularly interesting to
know this because of the term ‘nano’. This is part of the research that should lead to an answer to sub
question 3, as ‘nano’ is one of the (especially hard) constructs that define Nanobiology. The question to be
answered is: what might be the effect of the name on the attitude of 5VWO students towards the
Nanobiology bachelor’s program? In particular, what are their associations with the word ‘nano’? The goal
is to have a preliminary gauge on high school students’ knowledge of and attitude towards the term *nano’
and ‘nanobiology’. Answers will be grouped according to the segments its respondents belongs to. This is
primarily meant as additional background information for the commissioning client. The results are not
included in this thesis for practical reasons.
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Part 2A) is the main part of the questionnaire and aims at measuring how attractive the various
Nanobiology program (content) aspects and job types are to 5VWO students. (Part 1 about the name is
actually a special part of this.) Factor analysis will be used to group the various items into scales. These
scales will then represent the major themes constituting the Nanobiology bachelors’ program in the minds
of the target group. The attractiveness score of each theme will then be compared between the various
types of students (i.e. the final segments in the sample population).

Part 2B) consists of questions evaluating all the program aspects at once, as well as questions evaluating
all the job type descriptions at once. These questions will be used as overall indicators of how attractive
the bachelor program is to (certain groups of) students. Factor analysis will be used to group these
questions into a few choice indicators. These choice indicators will then be used to segment the sample
population in terms of how much they are attracted towards the bachelor’s program (forming the ‘x-axis’
in the segmentation graph).

Part 3) is meant to measure the importance of each of the choice indicators that are expected to be
important in influencing 5VWO students’ study choice. These indicators will be the items in the choice
indicator scales in Part 2B). It is important for correct interpretation of the overall choice indicators that
come out of Part 2B) to know how important each indicator is. The weight of the different choice factors
can be estimated if the importance of each indicator is known.

Part 4) is meant to measure the probability of study success and consists of questions about students
GPA's (Grade Point Averages) and students self-efficacy. These success indicators will be used to segment
the sample population in terms of how high their success probability is for studying this the Nanobiology
bachelor’s program (forming the ‘y-axis’ of the segmentation graph).

Part 5) concerns background questions about the students, including: gender, VWO profile, “beta
mentality” and future education decisions and desires.

Finally, a cluster analysis is run on all respondents, using the choice indicators on the one hand and the
success indicators on the other hand as input variables. The aim of this is to find segments of students
that are either attracted or repelled by the program and at the same time either have a high or a low
probability of being successful in the program. A comparison between student types (i.e. respondent
segments found by cluster analysis) will then be made, of the score of attractiveness in respect of each
theme as mentioned in Part 2A), . The conceptual model behind these tests is shown below in Figure 2.2.

ment
Segment a Mean score for scale x of

respondents certain segment

A 4

Segment b

Figure 2.2: Conceptual Model for intended difference tests. For each program theme (i.e. scale) and each
Jjob type theme (i.e. scale) the mean scores from the various segments (i.e. groups or clusters) of
respondents will be compared and checked for significant differences. One-way Anova followed by post-
hoc tests, or independent samples t-tests could be used for this if the data is normally distributed. Kruskall-
Wallis tests followed by post-hoc Mann-Whitney tests could be used if the distribution is significantly non-
normal.
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3 Theory

In the previous chapter it was established that the target group has to be
segmented using two constructs: study choice and study success probability
with regard to the Nanobiology program. These are complicated constructs.
They have to be operationalized into useful indicators that can be incorporated
in the final research instrument: the questionnaire. Section 3.1 will give an
overview of the literature used to come to a final list of indicators for study
choice. Section 3.2 will do the same and conclude with a final list of indicators
for study success. Each section will start with a separate introduction and

overview.

3.1 Study choice factors: an overview of research

Lots of research has been carried out in the Netherlands into factors influencing the study choice
processes of Dutch high school leavers. Because of the problem of a decline in young people’s interest in
“Beta-Technical™ (or “"STEM” related) tertiary education and the ever growing need for a workforce
educated in this area, attention has also been given to high school students’ reasons for not choosing
“Beta-Technical” tertiary education (Warps et al., 2010; Langen, 2010). A list of choice indicators could
already be made using the Dutch literature that was found during the exploratory research phase (see
section 3.1.1). The Dutch literature proved most relevant as it concerned the target group of this research.
However, to validate the indicators found and place them in a broader scientific framework, a follow up
literature search was conducted into the international literature. The Eccles’ Expectancy-Value model
(Eccles et al., 2002), a key scientific model relating to academic choice and success is discussed together
with related research. A reflection of how the choice indicators from section 3.1.1 fit into model and into
the related research is given in section 3.1.3. This is a rather complicated subsection because of the
complex relation between choice and success that appears. Therefore a brief intermezzo on the
relationship between success and choice factors is given in Section 3.1.2. The chapter ends with clear
conclusions in Section 3.1.3 summarized in a final list of choice indicators that will be used in this research.

3.1.1 Exploratory research: Dutch literature

University level versus program level

Students make a choice regarding tertiary education at two levels: the institutional level and the program
level. Of the general Dutch student population 50% first choose their program and secondly their
university. The other half first choose their university and then their program or they choose both at the

®“Beta-Technical” is the Dutch version of the expression used to describe the area of Science, Technology,
Engineering and Mathematics or "STEM” related subjects and studies. As the meanings of the two terms are slightly
different, I will use “Beta-Technical” when talking about Dutch research and literature, and “STEM” when talking about
international research, in accordance with their use in the described literature.
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same time® (Leest, 2011). Concerning the nature of this project and the fact that my commissioning client
is Head of Marketing and Communication at the program level and not at the institutional level, I focused
mainly on the program level and on factors important on this level. Consequently I focused less on the
institutional (or university) level. However, there is quite some overlap in factors influencing university
choice and factors influencing program choice, but the importance attributed to each factor at the
university level is different from its importance at the program level. For instance, atmosphere is important
for choices at both levels, but less important at the program level than at the university level (Leest, 2011,
Langen 2010, Broek et al., 2009, Warps 2010). Career possibilities associated with an institution or with a
program, however, are important factors at both levels (Leest, 2011, Langen, 2010, Broek et al., 2009,
Warps et. al, 2010). The type of programs offered by an institution is in itself an important choice factor at
the university level. Research by Soutar and Turner (2002) amongst Australian high school leavers
indicated that in choosing a university, the factor “offering a program of interest” is even the most
important choice factor. They also quote other research with which this finding is consistent. From now on
we will zoom in further on the factors influencing program choice.

Program level

The most important factor influencing program choice in general, according to Biermans (2003), is content.
Broek et al., 2009, Langen (2010) and Warps (2010) confirm this by putting the factor “interesting content”
first. The latter three all agree on the second most important factor as well: "matching my capacities”.
Warps researched this for first year Beta-Technical university students (WO) and Langen researched this
for 5VWO high school students with an “NT” or “NG” profile (i.e. a scientifically oriented choice of school
subjects). Langen has “atmosphere” on the third place followed by “career perspectives” on fourth place
and “job chances” on fifth place. With Warps “career perspectives” is third. What comes fourth and fifth
also differs between studies, but because Langen (2010) specifically researched the target group that I'm
interested in, I will use the factors from her research. However I decided to skip atmosphere entirely as
this element is very hard to grasp or predict for a study that doesn't exist yet. Also, this dimension is very
different from the other factors. This means “job chances” gets the fourth place.

Warps et al. conclude their research saying that for all tertiary students in general, HBO and WO (college
and university), Beta-Technical as well as non-Beta-Technical, the most important motives for choosing
their study program are: 1) the program content is more interesting; 2) it matches the capacities and skills
of the student better; 3) it offers more or broader career perspectives and 4) it educates towards a career
that is attractive to the student. This is slightly different from the general conclusions from Broek et al.
(2009), but Warps uses a different and more recent database (i.e. Startmonitor 2008-2009).

Beta choosers versus non-beta choosers

Of the high school population that is eligible to enroll in a technically oriented higher education program,
only about 27% does so (Langen, 2010). Considering the growing demand for Beta-Technical educated
people, research has been carried out to uncover the factors responsible for this. (for example: Broek et
al., 2009; Langen, 2010; Warps, 2010.)

The most important reason given by students who are eligible to enroll in a Beta-Technical type of
education but nevertheless choose something else, is that they choose the more interesting study (Warps
et al., 2010). The next most important reason is that they don't like the type of jobs that a Beta-Technical
education gives access too. Other reasons given are that Beta-Technical education is too theoretical and
not societally oriented enough. All of this is consistent with the findings from Langen (2010) and Broek et

® Interestingly these percentages are slightly different for the TU Delft. Of the TU Delft population about one third of
students first chose their institution and then the program, one third first chose their program and then their
institution and one third chose these two more or less simulteneously (Leest, 2011).
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al., 2009 . Langen (2010) add to these reasons that Beta-Technical education is not diverse enough, or too
difficult. The latter is confirmed by Van Vonderen et al. (1996).
The factors found are summarized in Table 3.1 below.

Table 3.1: Factors Influencing tertiary education study choice of Beta-Technical eligible students, and
factors repelling these students from choosing Beta-Technical education.

Factors influencing higher Factors associated with not
education program choice choosing Beta-Technical
higher education

Content/Interest Content/Interest (not interesting)
Fits to capacities Fits to capacities (too difficult)
Job perspectives Job perspectives (unattractive)

Job chances -

Diversity (not diverse enough)

Societal orientation (not enough)

Amount of theory (too
theoretical)

3.1.2 Relationship between choice factors and success factors.

Before we can continue with the section on validation of the choice indicators summarized in Table 3.1, a
brief intermezzo is necessary to avoid strong confusion. Because: although in this research the topics of
study choice and study success factors are treated mostly separately, these topics are off course not
entirely independent from each other. In scientific the models there is much interaction and even overlap
between academic choice and academic success (for example Lent 1993, 1994). This will become
apparent in Section 3.2.2. in the model of Eccles (2002) and the research by Jones (2010). Below follows a
brief overview of findings from the international literature, illustrating the relationship between study
choice and study success.

Brief overview of illustrations from literature

Bandura (1986) states that “self-efficacy beliefs reflect an individuals’ expectations about future
performance in specific contexts” (Care et al 2012). And expectations about future success in turn predicts
study choice, according to Lent (1994).

Lent, Brown and Hacket (1994) even present “a social cognitive framework for understanding three
intricately linked aspects of career development: a) the formation and elaboration of career-relevant
interests, b) selection of academic and career choice options, and c) performance and persistence in
educational and occupational pursuits,” drawing on Bandura’s (1986) “general social cognitive theory”.

Leeuwerke (2004), hypothesized “that congruence of interest and achievement will account for variance in
addition to achievement in prediction of retentions and that achievement and interest congruence will
demonstrate an interaction effect”. This research on Engineering students in the U.S. indicated that both
Mathematics achievement and interest congruence were predictive of students’ campus retention (i.e. not
dropping out), supporting their hypothesis. They also detected a trend suggesting an interaction effect
between Mathematics achievement and interest congruence. Furthermore, Leeuwerke mentions research
by Taylor and Hanson (1970) that showed that “achievement differentiated between those who persisted
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and those who withdrew, whereas interest differentiated between persistence and major change.”
Additionally, Taylor and Hanson (1972) “demonstrated ... some pre-college interest differences between
students who persisted in an engineering program and those who transferred to another college”.

Patrick (2010) describes “the influence of vocational interest, self-efficacy beliefs, and academic
achievement on choice of educational pathway for a cohort of Australian high school students” and found
that “all three constructs were significant predictors of pathway and subject selection and enrolment”.

Concluding remarks

There are good theoretical grounds for separating, to some extent, the choice and success factors for the
purpose of this research. In practice this is also necessary. It is important, however, to keep in mind the
relationship between choice and success and their indicators when interpreting the final results. In the
discussion chapter I will briefly come back upon this.

3.1.3 Validation research: international literature and theoretical frameworks

Vocational pathways

Choice of higher education is part of the bigger picture in the field of Vocational Pathways. Very important
work on understanding vocational pathways at a general level has been done by Holland (see for example
Holland, 1997). His model states that an individual’s vocational interests are reflected by his/her choices
regarding study subjects (Care et al 2012). This model “is widely used to show how patterns of interest
underpin students’ subject choice in later years of schooling (Care et al 2012).” Patrick (2010) also states
that “links between vocational interests and students’ choice of educational pathways have been well
documented” referring to (Care, 1996; Care & Naylor, 1984; Elsworth, Harvey-Beavis, Ainley, & Fabris
1999). All of this supports the findings in Table 3.1.

Expectancy-Value models and the complex relationship between choice indicators and success
Indicators
Eccles and her colleagues have done important work focusing on the part of choosing higher education
(for example Eccles et al., 1983, 1984, 1987, 2002). Summarizing her own explanation of the model:
Eccles and her colleagues tested an expectancy-value model of achievement-related choices, were the
relative value and probability of success of various options are key determinants of choice. Expectancies
and values are assumed to directly influence performance, persistence, and task choice (Eccles et al.,
2002). This model can therefore be seen as offering a broader theoretical framework for the choice and
success factors discussed in this chapter. In the rest of this paragraph the link between the constructs in
this model, the choice indicators already mentioned and the success factors that will be mentioned in
section 3.2 will be researched. A recent version of their Expectancy-Value model, copied from Eccles et al
(2002) is shown in Figure 3.1 below. The boxes at the far right, “Expectation of Success” and “Subjective
Task Value”, directly influencing “Achievement-Related Choices and Performance”, are closely related to
the choice and success indicators in this research.
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Figure 3.1: The Eccles et al. expectancy-value model of achievement

The expectation of success box could be related to the choice factor ™fits to capacities” (see Table 3.1) as
well as the success factors “expecting to graduate” (Table 3.6) and “self-efficacy” (see Table 3.8) that will
be mentioned in the next section. The first value from the Subjective Task Value box (lower right-hand
side), “interest —enjoyment value” can be related to our choice factor “interest”, while the third value in
the same box, "utility value” can be related to our choice factors “job chance” and “job perspectives”.
Intuitively the value “relative cost” could be related to the factor “difficulty” mentioned as a reason for
students not to choose Beta-Technological studies. This one is less obvious, though, as a high level of
difficulty can also be an incentive to choose the study. A low level of difficulty can become “unchallenging”
which is a reason for dropout. It is not a strong one however and will therefore not be further discussed.
‘Attainment value’ seems to be lacking from our set of choice factors in Table 3.1. It does seem to appear
in the items of the scale used to measure “academic binding” by Warps et al (2010). The connection
between the Eccles’ model and the choice and success indicators in this research are visualized in Figure

3.2 and Figure 3.3 below.

Expectation

of Success

- Expectation to graduate
- Fits to capacities™®

(* similar to self-efficacy?)

Figure 3.2: Relation between Expectation values in Eccles’ expectancy value model of achievement
related choices, choice indicators in Table 3.1 and success indicators found in the next section, see

Table 3.6.
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Figure 3.3: Relation between choice factors found in Table 3.1 and subjective task values in Eccles’
expectancy value model of achievement related choices.

Boe (2012) uses Eccles et al.’s model of achievement related choices to understand Norwegian upper
secondary school students’ post compulsory subject choices. Their findings indicate that students choose
natural science and mathematics subjects both for identity reasons such as interest, self-realization and fit
to personal beliefs, and for strategic utility reasons. Furthermore, girls appear to have placed more weight
on utility than on interest. The identity reason ‘interest’ could be related to the ‘interest’ indicator in Table
3.1. Strategic utility reasons could be related to the ‘job perspectives’ and ‘job chances’ indicators from the
same table. The constructs used by Eccles and Boe do differ, however, from the choice indicators found in
Table 3.1. Their constructs include notions such as self realization and fit to personal beliefs, which do not
seem to be directly related to the indicators in Table 3.1.

Jones et. al. (2010) also mentions Eccles’ research and uses expectancy-value theory to study Engineering
students’ achievement and career plans and their relationships with expectancies and values. Their results
indicated that expectancy-related constructs predicted achievement better than the value-related
constructs, whereas value-related constructs predicted career plans better for both men and women.
There are also cross-correlations however. The pictures below summarizes the idea. They conclude that as
the two types of constructs predicted different outcomes, they are both needed to understand students’
achievements and career plans in Engineering.

Expectancy-
related
constructs

Career plans
(~Choice)

Value-related Achievement
constructs (“Success)

onstructs, careerplans
Jones et al.’s sample population consisted of first year Engineering students in the U.S. The expectancy
and value-related constructs were based on Eccles et al.'s model and a factor analysis run on the data,

using the computer program SPSS. The expectancy-related and value related constructs that came out
were:

Expectancy-related constructs:
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E1) Engineering self-efficacy; and

E2) expectation of success in Engineering.
Value-related constructs:

V1) Engineering intrinsic interest value;

V2) Engineering attainment value;

V3) Engineering extrinsic utility value; and

V4) identification with Engineering.

A copy of the complete table with constructs and definitions from Jones et al. is shown below in Table 3.2.

Table 3.2: Expectancy and value related constructs and their definitions. Source: Jones et. al. (2010)

Constructs Abbreviation Definition

Expectancy-related constructs
Self-efficacy theory

Engineering self-efficacy? Self-efficacy One’s judgment of his or her ability to
perform a task in engineering

Expectancy-value theory

Expectancy for success in Expectancy One’s belief in the possibility of his or
engineering? her success in engineering

Value-related constructs

Expectancy-value theory

Engineering intrinsic interest value Interest The enjoyment one experiences from
engaging in engineering activities, or the
interest one has in engineering activities

Engineering attainment value® Attainment The importance of doing well in
engineering in terms of one’s core
personal values

Engineering extrinsic utility value ~ Utility The usefulness of engineering in terms
of reaching one’s short- and long-term
goals

Identification with academics

Identification with engineering® Identification The extent to which one defines the
self through a role or performance in
engineering

Note: Constructs designated with the same superscript are conceptually similar.

Not all of Jones et al.’s constructs can be related to the choice and success indicators in
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Table 3.4 and Table 3.8 (next section). The value-related constructs ‘interest’ and ‘utility’ can be related to
the ‘interest’ and ‘vocational choice’ factors found. The ‘attainment’ and ‘identification’ values, however,
are not clearly represented in the tables with summaries of factors found. They are related to items in the
scale used to measure ‘binding’ by Warps et al. (2010). Warps et al. explains ‘binding” as “how much
students were convinced of their study choice and how much they identify themselves with their
educational program and prospective career”. Warps et al. measured binding using a scale with many
items concerning identification with the program. Items included ‘program fits with my norms and values’
and ‘job type fits with my norms and values’, but also ‘being very motivated to successfully finish the
study’, the latter which I would have placed under an expectancy construct rather than a value construct.
(The fact that nevertheless the Cronbach’s alpha of this scale was very high (0.90) (Warps et al., 2010),
confirms the notion that indeed value constructs and expectancy constructs are not uncorrelated. The
binding scale however is a too complicated factor to be useful in this research, especially considering the
practical constraints that the respondents need to be able to fill in the questionnaire in ten minutes.

Of the expectancy-related constructs, self-efficacy seems similar to the *fits to my capacities’ choice factor.
However, self-efficacy is a stronger predictor of achievement than of choice according to Jones et. al.’s
research, so it’s unclear if the *fits to my capacities’ choice factor should be seen primarily as a choice
factor or primarily as a success factor. There is indeed a complex interaction between interest and self-
efficacy, which we will touch upon below in discussing research by Care et al. (2011). The “Expectancy of
success in Engineering” construct seems similar to the outcome from Broek et al. (2009) that the
percentage of students that finish their studies is higher amongst the students that have high
expectations with regard to finishing their studies than amongst the students that have a low expectation
regarding finishing their studies (see

Table 3.5).

Relationship between self-efficacy and interest

As mentioned before, there is a complex relationship between self-efficacy and interest. Recent research
by Care et al. (2011) investigated the relationship between vocational interest, self-efficacy and
achievement in the prediction of educational pathways. They did this for all of the six vocational themes
established by Holland, known as the RIASEC (Realistic, Investigative, Artistic, Social, Enterprising and
Conventional) model. For us the Investigative vocational theme is most important as it includes the
subjects Chemistry, Physics, Biology and Mathematics. They found that for the Investigative theme both
self-efficacy and grade (i.e. achievement) were significant predictors of choice of educational pathway and
that the effect of interest was less strong.

Grade
(Achievement)

Self-efficacy

Choice of
educational
pathway

Figure 3.5: Main choice indicators of educational path for investigative students as found by Care et.al.
(2011)

The importance of each predictor and its interaction effects with the other predictors were found to vary
across the different vocational themes. (For the Realistic theme for example, the interest factor in an
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interaction effect with self-efficacy was the best predictor of educational choice, making the interest factor
more important for Realistic students than for Investigative students). They note that the relationship
between self-efficacy and interest is complex and they refer to Betz and Borgan (2000) stating that there
is evidence of self-efficacy and interest jointly predicting career choice and of self-efficacy as a causal
factor in the development of interest.

Self-efficacy

Vocational
Interest :
pathway choices

Figure 3.6: Relationship between self-efficacy, interest and choice. Source: Betz and Borgan (2000)

Vocational interest turned out to be a significant (independent) predictor of educational pathway and
subject selection for all Holland themes except the ‘Enterprising’ theme. They refer to previous research
with which this is consistent and state that links between vocational interests and students’ choice of
educational pathways have been well documented. This seems therefore to be a well established choice
factor.

The predictor ‘vocational interest’ could be related to both the ‘interest’ factor and the ‘job perspectives’
factor from Table 3.1. The self-efficacy predictor is related to the *fits with my capacities’ indicator found in
Table 3.1. Academic achievement is a new choice indicator.

Vocational Self- .
) Achievement
Interest efficacy
- Interesting
content

- Attractive
job
perspectives

- Fits to my
capacities

- GPA

Figure 3.7: Relationship between choice and success factors found in Section 3.1 and choice factors
found by Care et al. (2011)

Previous research by Lent et al. (1993) amongst Psychology students in the U.S. also illustrates the
complex relationship between self-efficacy and choice. Their results indicated that “the effects of past
achievement on course interest were mediated by self-efficacy, and that interests, in turn, mediated the
effects of self-efficacy on students’ intentions to enroll in mathematics-related choices.”
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Figure 3.8: Relationships between Past Achievement, Interest, Self-Efficacy and Educational choices as
found by Lent et al (1993)

Research by Maltese and Tai (2010) on the other hand, found that students who choose to concentrate
their higher education in STEM, make that choice during high school, and that choice is related to a
growing interest in mathematics and science rather than achievement. This rends supports again to the
high place that the choice factor ‘interest’ gets in Table 3.1.

Growing Educational

Interest Choice

Figure 3.9: Relationship between Interest and Choice as found by Maltese and Tai (2010)

3.1.4 Conclusions for Study Choice Factors

There is support from literature for the choice factors “content interest”, “job interest” and “job chances”.
They can be linked to the expectancy value constructs ‘utility’ and ‘interest-enjoyment value’ as well as
research from Maltese et al. (2010), Betz and Borgan (2005) and Lent (1993). The factor “fits to my
capacities” can be associated with self-efficacy that seems to play a direct role in influencing choice, as
well as a mediating role through interest development (Lent 1993). It also seems to be intricately
connected to interest, if seen as related to self-efficacy. The societal orientation factor is less obvious but
could be related to the subjective task value “Attainment” in Eccles’ expectancy value model. ‘Theoretical’
and ‘Diverse’ are also less obvious, but could be related to the subjective task value “Interest-enjoyment”
from Eccles’ model. Table 3.3 below summarizes all in the final list of choice influencing factors.
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Table 3.3: Final factors Influencing tertiary education study choice of Beta-Technical eligible students,
and factors repelling these students from choosing Beta-Technical education.

Final choice factors Link to models from scientific literature
Content/Interest Subjective task Value “Interest Enjoyment” (Eccles et
al., 2002)

Interest - Choice (Maltese and Tai, 2010)

Fits to capacities Self-efficacy (Lent, 1993)
Subjective task Value “Relative Cost” (Eccles et al.,
2002)
Job perspectives (type of jobs Subjective task Value “Interest Enjoyment” (Eccles et
attractive?) al., 2002)

Job perspectives (broad opportunities?) Subjective task Value “Utility” (Eccles et al., 2002)

Job chances (Good chances of finding a Subjective task Value “Utility” (Eccles et al., 2002)
job?)

Theoretical Subjective task Value “Interest-Enjoyment” (Eccles et
al., 2002)

Societal orientation Subjective task Value “Attainment” (Eccles et al.,
2002)

Diversity Subjective task Value “Interest-Enjoyment” (Eccles et
al., 2002)

3.2 Factors Influencing Study Success

Much research has also been carried out in the Netherlands into factors associated with the study success
of Dutch students. Again there is particular attention for study success in “Beta-Technical” tertiary
education. This time however, the indicators from the Dutch research are less useful for our research while
the international literature provided a clear list. The challenge was this time to relate the Dutch literature
to the indicators found in the international literature, rather than the other way around as in Section 3.1.
Nevertheless, in Section 3.2.1 an overview of the findings from the Dutch literature is presented, starting
with literature that focuses particularly on Beta-Technical studies. The findings from this part are then
summarized in two tables. More general literature is presented after this, but no new success factors are
added to the tables as these were not found. Section 3.2.2 starts by presenting and briefly discussing the
main original scientific model on dropout. It then continues by giving an overview of recent international
research into study success factors, in particular those related to STEM and engineering students. It
concludes by summarizing the indicators found in a list that is much clearer than the lists composed from
the Dutch literature. Section 3.2.3 concludes with the final list of choice indicators that will be used in this
research.
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3.2.1 Exploratory research: Dutch literature
Literature with a special focus on Beta-Technical students

Warps et al (2010) analyzed data collected from a large sample of Dutch first year students (Startmonitor
2008-2009) to understand why students drop out of their studies in their first year. They differentiate
between students from Beta-Technical and from non-Beta-Technical HBO (college) programs and between
students from technical and non-technical WO (university) studies. I will focus on the numbers given for
the students from the Beta-Technical WO study sample. They also differentiate between students that
stopped their studies completely and students that switched over to another study program. For both
groups the main reasons given for dropout are: “having made the wrong study choice” and “not being
motivated enough to continue with this study”. The third most given reason is that the study is too difficult.

Follow-up questions on “having made the wrong study choice” reveal that this means that they did not feel
good about the study (93%); the study didn't fit their interest and capacities (81%); they didn't really
know what they wanted yet (51%); and that they had not oriented themselves sufficiently before choosing
and commencing with a study (46%).

Follow-up questions on “not being motivated enough to continue with this study” reveal that this means
that they had a wrong picture of the study when they started out on it (70%); they don't feel at home in
their study or their university (58%); and they don't have enough contact with their fellow students (25%).

Some follow-up questions were posed only at the the students that dropped out. The students who
switched study give as most important reason for this that the expectations they had about the study
weren't met, followed at a distance by not feeling at home in the study. The students who stopped their
studies give as most important reason for this that they felt they weren't ready for the endeavor of
studying yet.

Other findings from Warps et al. are that when comparing persistent students to dropout students in Beta-
Technical WO’ studies, the persistent students more often had as their motive for choosing their study: 1)
it's content was more interesting and 2) it gives more attention to developing research skills (see Table 31
in Warps et al., 2010). Strange enough, at the same time when comparing dropouts to persistent students
in terms of what they paid most attention to when choosing a study, the dropouts paid more attention to
specific program content and courses, and to the exact rules for enrolment eligibility, than the persistent
students. So it seems that while dropout students more often pay much attention to the exact content of
the program, they base their choice less often on whether or not this content is also interesting! And while
persistent students less often pay much attention to exact program content, they more often base their
choice of program on whether they think the content will be interesting! A curious paradox, it seems.

Broek et al. (2009) on the other hand concludes that it doesn't really matter with what motive students
choose a study, as long as they have a clear motive. Having any type of motive seems to be positively
correlated to persistence.

Also, already at the start of their studies, dropout students have lower expectations concerning various
aspects of their studies when compared to persistent students. In particular, asking students to express
their expectations at the beginning of their first year with regard to how interesting they expect their
program content to be, the persistent students had significantly higher expectations (grading it with 8,2
out of 10) than the dropout students (giving it a 7,6 out of 10). Furthermore, a much higher percentage of
persistent students expected that they would feel at home in their program when compared to dropout
students (93% versus 56%). Broek et al. (2009) also researched the students that dropped out and found

WO stands for “wetenschappelijk onderwijs”, i.eademic (“scientific” in the broadest sense) higiducation.
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that students’ expectation to finish their studies is positively correlated to actually finishing, supporting the
findings above.

Warps et al (2010) also used the data from Startmonitor to make regression models by which they could
predict dropout based on a few variables. The significant variables with which they could predict dropout

for technical WO students starting their studies in September were: lower connectedness with the study
(based on a score measured in September); less often having the profile ‘concreet beta’ (from Beta
Mentality); having made less use of intensive information days; more often having concentrated on exact
requirements for enrolment eligibility; more often having a handicap or functional constraint. Interestingly,
the average exam grades from high school is not one of the variables. From the 5 variables mentioned, 50%
of the dropouts could be predicted.

For predicting dropout for students that are a few months into their studies (December-January) the
variables changed to: (again) lower connectedness with the study (based on a score measured in
September); less often having had the high school profile ‘NT’ (i.e. physical sciences oriented); lower
connectedness with the study (score measured in December); more awareness of certain values (‘doing
work that adds value, striving for an ideal’); more often having had to repeat a year of study. Interestingly,
again high school exam grades are not one of the five variables that make it into the model. Using these 5
variables, 51% of the dropouts could be predicted.

Apart from these documents I had a discussion with my commissioning client where I learned that the TU
Delft does use high school exam GPA (Grade Point Average) as an indicator to predict study success.
Apparently this is even the most important rule of thumb used by the Department of Physical Sciences to
predict study success (expressed in terms of university GPA’s, speed of study progress and finally degree
attainment). An internal research carried out over 10 years ago confirmed this and results from a current
ongoing research confirms this too. They used as a rule of thumb that an average exam grade of 7.0 for
Maths and Physics is a good predictor of success.

All these findings on factors seemingly related to dropout are summarized in the two tables below.
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Table 3.4: Factors associated with (Beta-Technological) tertiary education dropout

Factors associated with tertiary education dropout

Reasons for dropout:

1) Having made the wrong study choice:

- not having a good feeling about the study (93%);
- the study doesn't fit interest and capacities (81%);
- did not really know what they wanted yet (51%);

- no proper orientation before choosing a study (46%).

2) Not being motivated enough to continue with the study:
- had a wrong picture of the study when they started out (70%);
- don't feel at home in their study or their university (58%);

- don't have enough contact with their fellow students (25%)

3) Finding the study too difficult

Reasons specifically for switching studies:

1) expectations about the study weren’t met

2) don't feel at home in the study

Reasons specifically for stopping studies:

Not feeling ready for the endeavor of studying yet

Regression model predicting dropout students in September

- lower connectedness with the study;

- less often having the profile ‘concreet beta’ (Beta Mentality);

- having made less use of intensive information days;

- having concentrated on exact requirements for enrolment eligibility more often;

- having a handicap or functional constraint;

Regression model predicting dropout students in December- January:

- lower connectedness with the study (based on a score in Sept.);

- less often having had the high school profile ‘NT’;

- lower connectedness with the study (based on a score in Dec.);

- more awareness of certain values: ‘doing work that adds value, striving for an ideal’;

- more often having had to repeat a year of study
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Table 3.5: Factors associated with (Beta-Technological) tertiary education persistence

Factors associated with higher education persistence

Persisters (compared to Dropouts); motivation for study program choice:

- content was most interesting
- more attention to developing research skills

- having any type of clear motivation

Persisters (compared to Dropouts); factors paid attention to in choosing:

- Less attention paid to specific program content and courses

- Less attention paid to exact rules for admission.

Also, already at the start of their studies, dropout students have lower expectations concerning
various aspects of their studies when compared to persistent students. In particular, asking
students to express their expectations at the beginning of their first year with regard to how
interesting they expect their program content to be, the persistent students had significantly higher
expectations (grading it with 8,2 out of 10) than the dropout students (giving it a 7,6 out of 10).
Furthermore, a much higher percentage of persistent students expected that they would feel at
home in their program when compared to dropout students (93% versus 56%). Broek et al. (2009)
also researched the students that dropped out and found that students’ expectation to finish their
studies is positively correlated to actually finishing, supporting the above.

High school exam grade point average (GPA) > 7.0

Some more general research in the Netherlands

According to Hulst (200?) probably the first large Dutch research into study success was done by the TU
Delft (‘Technische Hogeschool’ at the time) in 1959 (De Groot, 1959). They defined study failure both in
terms of dropout and in terms of study delay and tried to identify factors influencing this. They concluded
that factors influencing dropout are not necessarily the same as factors influencing study delay.

Prins (1997, 1998) conducted a large-scale research into factors influencing dropout in the Netherlands
and distinguished between student related factors and program related factors. For my research the
student related factors are the most relevant. Prins stresses though that in the end both student related
factors and program related factors have to be considered together if you want to really change the
effectiveness of higher education. Prins mentions that the student related factors are different for students
studying technical programs and for students studying non-technical programs. In general, high school
GPA doesn't play a significant role in dropout. Rather, the most important factors according to him are:
motivation, aspiration and self confidence. Prins mentions that for technical programs, however, studies
have shown that there is indeed a correlation between GPA and study success. This is confirmed by the
findings above. He doesn't go into the details however and doesn’t make reference of the particular
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studies.

Fesl6(2000) states that in general, background characteristics of students are hardly related to dropout.
Rather, the most important factors for study success are whether the student *fits’ to the study and the
students’ own perception of their chances of being successful at obtaining their degree. She doesn't
differentiate between technical and non-technical studies, however. Her findings seems to relate to
attainment value, in particular “binding” as defined by Warps et al., (2010) and to expectation of success,
both of which are a part of expectancy-value theory as expectancy-value related constructs.

Feltzer (2009) gives a critical review of literature about the influence of personality traits and other factors
on dropout in higher education. Again, she looks at higher education in general and doesn't differentiate
between technical studies and non-technical studies. She concludes that personality is a very important
predictor of study success. From the ‘The Big Five’ model, the personality factor ‘conscientiousness’ is the
strongest predictor of dropout versus persistence and correlates positively with persistence. The
personality factors ‘neuroticism’ and ‘openness’ correlate positively with dropout, but the correlation is
weaker than the correlation that conscientiousness has with persistence. Furthermore, academic
integration can hinder or stimulate study success. Quality of life also correlates positively with academic
achievement. Students with a high quality of life are also more positive, more active and more motivated;
all these are facets that are important for study success. Lastly, men have a higher chance of dropout than
women, first first year students have a higher chance of dropout than students in later years and students
living away from home have a higher chance of dropout than students living with their parents.

3.2.2 Validation research: international literature

When it comes to factors influencing study success, which is commonly described in terms of retention,
achievement in grades, progress speed, and eventually attaining a degree, there is a lot of peer reviewed
publications that are specific enough to be directly relevant to my research. Again, an overview of factors
found will follow at the end of this section.

General dropout mode/

Because dropout is such a big societal problem, much scientific research has been undertaken into the
subject. At a general level, the most notable and perhaps first attempt to begin to comprehensively
understand and model the phenomenon ‘dropout’, was made by Tinto (1975, 1982). He proposed a model
based on an extensive literature review. He compared dropout from higher education to suicide and drew
upon psychological theories about factors associated with suicide. For example, disengagement from
society or lack of binding to society was associated with suicide. He draw the comparison to academic and
institutional disengagement and proposed this as a factor influencing dropout. His model served as a base
for further empirical research and discussion on the matter ever since. Improvements on this model are
still going on. The figure below shows Tinto's original model. The most relevant part of this model is off
course the pre-academic part. Tinto wanted to be comprehensive and therefore for the most part this
model is too generic to be of direct use to this research. Nevertheless it serves as a valuable theoretical
framework to be used for putting this research into a broader perspective.

Also, we can only characterize our population based on pre-academic attributes: family background,
individual attributes and pre-college schooling. Family background is too complicated and personal to
measure. Of the individual attributes, research has shown that Big Five personality type, self efficacy
beliefs and expectancy value beliefs of the individual are important indicators of success. This will be
discussed in more detail in the rest of this chapter. Of the pre-college schooling, the most important
attributes are: course taking and GPA, especially for VWO science subjects. For reasons that will be
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discussed in the rest of this chapter I will only use VWO science GPA and self-efficacy as a measure to
predict dropout (and academic success)
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Figure 3.10: Tinto’s originally proposed model: Dropout from College (Tinto 1975)

Factors influencing study success. more literature

Much research has been carried out to capture the factors that can be used to predict dropout versus
study success. Study success is measured in terms of retention, persistence, academic achievement (GPA)
and final degree attainment. Cognitive and non-cognitive factors have been identified in both theory and
practice. Success predictors have been found to vary between academic disciplines, in particular between
Engineering and other academic disciplines and also between STEM and other academic disciplines.

For example, Veenstra (2008) “explored the differences in predicting academic success (defined as the
first year GPA) for freshman engineering students compared to three non-engineering student sectors
(Pre-Med, STEM, and non-STEM disciplines) within a university.” Researching engineering students in the
U.S., they found that “predictors unique to the engineering sector included the factors related to
quantitative skills ... and confidence in quantitative skills.” They also give an overview of factors from a
literature review, see Table 3.6 below.
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Table 3.6: Overview of factors influencing student persistence and achievement (Veenstra, 2008)

Study/
Reference  Survey Description Key Predictors
Levin and N/A Freshman engineering  Predictors for first year GPA include: High
Wyckoff study at Penn State School GPA, SAT Math, math and chemistry
1988 placement test scores, gender and anticipated
study time. R*=0.21
Astin and CIRP Multi-institutional For engineering retention:
Astin study of 388 SAT Math, self-rating in math, aspiring to a
1992 universities; locked at  career in engineering, high school GPA,
engineering majors strong orientation towards science.
Seymour and CIRP/ Includes STEM Some STEM students indicated that their high
Hewitt Study students from seven school had not adequately prepared them.
1997 universities Engineering majors tend to be more committed
to their career choice.
Besterfield- PFEAS First term GPA study, Predictors for first term GPA were: whether
Sacre, University of student had a scholarship, high school rank, SAT
Atman, and Pittsburgh Math, self-assessment of study habits, self-rating
Shuman, of liking math and science and financial
1997 influences for an engineering major. R>=0.29
Shuman et al. CIRP Model whether a Frequency in high school of coming to class late,
2003 student would be self-rating of academic ability
placed on academic
probation
Lotkowski, N/A Meta-analysis of 109  For college success (4-year), study found that the
Robbins, and College retention high school GPA, ACT assessment and academic
Naoeth, 2004 studies self-confidence were strong predictors.
French, N/A Three-year study. Predictors for college GPA were SAT Math, high
Immekus, Twao cohorts; one to school rank and a measure of academic
and Oakes. predict college GPA;  motivation. R = 0.18
2005 the second to cross-
validate
Nicholls CIRP Compare STEM to Predictors for STEM students were SAT Math,
etal., 2007 noen-STEM student high school grades, self-ratings of math ability,

with CIRP variables

academic ability, scientific orientation, going to
college to get training for a specific career.
Predictors for Non-STEM students were
likelihood of changing a major field or career
and participating in a study abroad program.

Furthermore, Lent et al. (1993) found that each of ‘past achievement’ and ‘self-efficacy’ is a useful
predictor of mathematics grades, and furthermore that the effects of ‘past achievement’ are partially
mediated by ‘self-efficacy’. They studied 166 Introductory Psychology students to explore the nature of the

45



relationships among ‘prior achievement’, ‘self-efficacy’, ‘outcome expectations’ and ‘interest’ in predicting
students’ choice of, and performance in mathematics-related college courses.

Kokkelenberg et al. (2010) examined the characteristics of STEM and non-STEM students for attributes
associated with academic success, using student level data from the U.S. They found that amongst others,
high school GPA and mathematical ability are significant indicators of academic success.

Ozgur et al. (2010) administered a survey seven times during the course of four years, to a cohort of
students who had expressed interest in studying Engineering. They found a correlation between
confidence in Maths and Science skills and persistence in Engineering.

Zhang et al., 2004 found that high school GPA and math SAT® scores were significant indicators for both
graduation and retention in Engineering, for students who enter in an Engineering discipline. They used a
database containing all Engineering students of nine universities in the U.S. in the time period 1987
through 2000.

French (2005) researched engineering students in the U.S., trying to predict their academic success and
persistence, using cognitive and non-cognitive variables as indicators. The indicator for academic success
was their GPA after 6-8 semesters and the indicator for persistence was enrolment at the university and in
Engineering after 6-8 semesters. They found that the student pre-college variables, a) SAT score for
Mathematics and b) HS Rank (high school attainment relative to peers), were significant predictors of GPA
in Engineering. The non-cognitive variables “academic motivation” and “institutional integration” didn’t
contribute significantly in explaining academic success in Engineering. They mention that this is consistent
with previous research (Astin 1993, Zhang 2004, Bordonaro 2000, Noble 1999).

Leeuwerke (2004) found that pre-college students’ Mathematics achievement was predictive of retention
on campus and within the Engineering major. A large U.S. university database was used and students who
intended an Engineering major upon entrance of their first semester of college were included in the
sample of over a thousand students.

Tyson (2010) used “high school and college physics and calculus course taking and achievement to predict
engineering degree attainment among students on-track for an engineering degree.” They used “high
school GPA and mathematics standardized test scores to measure pre-college characteristics and first year
of college GPA to measure academic integration in college”. They found that “high school calculus
achievement is the strongest predictor of grades in college physics and calculus courses”. They conclude
that “engineering degree attainment models should include course taking and particularly achievement in
high school and college physics and calculus courses...”

Jones et al. (2010), focusing on Engineering students, note that the factors associated with persistence
are complex and not well understood. Researchers have tried nevertheless to get a hold on these factors
and Jones et al. give a brief summary of recent research into factors associated with Engineering students’
persistence. Researchers found strong correlations between student retention on the one hand and
student motivation, student institutional integration and student grade point average (GPA) of the other
hand. It also suggests that non-persisters more often enrolled initially because of external pressure (e.g.
family pressure) and disengaged from the curriculum (e.g. missing class and not completing homework).
Studies also found self-efficacy to be an important factor in engineering students’ persistence,

8 SAT is a certain type of standardized test useshierica
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achievement, and interest. They note, however, that much more research has been carried out into self-
efficacy beliefs of engineering students than into value related beliefs, while the latter may be a more
important factor regarding persistence than self-efficacy. Results from their study indicate that indeed
value-related constructs are important, especially for predicting career plans, but the expectancy-related
constructs which include self-efficacy turn out to be more important factors for predicting achievement
than the value-related constructs.

Table 3.7 below summarizes the findings from the literature mentioned above.
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Table 3.7: Factors Influencing tertiary education study choice of Beta-Technical eligible students, and
factors repelling these students from choosing Beta-Technical education.

Factors associated with study success Scientific literature source

Predictors unigue to Engineering:
- factors related to quantitative skills
- confidence in quantitative skills

Veenstra (2008)

Psychology Maths students: Mathematics grade Lent et al. (1993)
predictors

- past achievement - Future Mathematics grade
- self-efficacy > Future Mathematics grade

- past achievement being partially mediated by
self-efficacy.

STEM vs. Non-STEM: Academic success indicators Kokkelenberg et al. (2010)

- high school GPA
- mathematical ability

Students interested in studying Engineering;
correlation to persistence in engineering: Ozgur et al. (2010)
- confidence in maths and science skills

Graduation and retention in engineering: Zhang et al. (2004)
- high school GPA
- Maths SAT® scores

Predictors of academic success in Engineering: French (2005)

Student pre-college variables:

- SAT score for Mathematics

- HS Rank (high school attainment relative to
peers)

Leeuwerke (2004)

Predicting retention within Engineering major:
- pre-college students’ Mathematics achievement

Tyson (2010)
Grades in Physics and Calculus courses in an
Engineering program:

- high school Calculus achievement is the
strongest predictor of grades in college Physics
and Calculus courses Jones et al. (2010)

Engineering student retention:

- student motivation

- student institutional integration

- student grade point average (GPA)
Engineering students’ persistence, achievement
and interest:

- self-efficacy

Engineering students achievement

- expectancy related constructs in general Dekker (2009)

Electrical Engineering, TU Eindhoven students
GPA VWO Science courses

° SAT is a certain type of standardized test useshierica

48



3.2.3 Conclusions for Study Success Factors

To conclude this overview, self-efficacy and GPA seem to be valuable indicators for STEM student, and in
particular Engineering student success. They are far from perfect, however, and need to be used with
caution. Understanding student persistence and achievement remains a complex matter involving many
factors and the interplay between these factors is still not well understood and in need of much more
research. The emphasis of the present research is primarily on student choice and the question which
(content) elements of the Nanobiology bachelor’s program would influence this choice, and less on student
success. For practical reasons I therefore had to limit the amount of research that I could do on the side of
student success. Nevertheless it is important to have an estimate of student success probability in order to
make a segmentation of the target population. Without this segmentation the results from this research
would be far less interesting and probably not helpful in informing strategic marketing and communication
efforts.

In addition, the department of TNW of the Delft University of Technology has done internal research
confirming the link between high school GPA and academic achievement for its students and have been
using this rule of thumb in practice for over 10 years. Furthermore, GPA is a relatively easy indicator to
measure with high school students, especially compared to indicators such as their 'Big Five personality’,
but also compared to indicators such as ‘institutional binding’. I therefore decided to use Science and
Mathematics GPA’s combined with self-efficacy in Physics, Mathematics and Biology as estimators of
student success probability. I chose these three subjects as these are familiar to (most) students in the
target group and the easiest connection between the core content of the Nanobiology bachelor’s program
and content that the high school students are familiar with. Using a combination of these indicators in this
study seemed to be the best combination of a practical, easy and reliable way to give a rough estimate of
the potential success probability of high school students intending to study Nanobiology. The table below
gives the final set of indicators to be used to gauge student success probability.

Table 3.8: Final success probability indicators to be used in the questionnaire.

Final success probability indicators

GPA in Mathematics and Physics

GPA in Biology (or Chemistry for students who do
not take Biology)

Self-efficacy in Mathematics

Self-efficacy in Physics

Self-efficacy in Biology
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4 Instrument Design and Analysis

This chapter describes the outcome of the qualitative analysis (Section 4.1), the
instrument (questionnaire) design based on this outcome (Section 4.2) and the
quantitative analysis of the questionnaire outcome (Section 4.3-4.6). In each
section the method used to obtain the results will be briefly described, followed
by a summary and brief discussion of the main results. Section 4.3 describes
background information of the respondents. Section 4.4 describes the factor
analysis and resulting factor scales. Section 4.4 gives the outcome of the normal
distribution analysis. Section 4.5 gives the results of the cluster analysis
performed on all respondents and compares average scale scores and nominal
characteristics between the clusters. An elaborate discussion of the validity and
reliability of the results will follow in Section 4.7. The main results necessary for

answering the research questions will be summarized in Section 4.8.

4.1 Qualitative Analysis Results

The tables below give a summary of the outcome of the qualitative analysis of what the core (content)
aspects of the Nanobiology bachelor’s program are. The operationalization of the findings to questionnaire
items is also included. For a detailed overview of the qualitative analysis process see Appendices 8-11. For
the methods used see section 2.3.
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Table 4.1: Outcome qualitative analysis and operationalization to questionnaire items for the content

aspects of the program

Nanobiology core content aspects

Operationalization to the questionnaire items

The main course body:

- (Applied and Theoretical) Physics
- Theoretical physics

- (Bio)Chemistry

- Mathematics

1) Applied physics

2) Theoretical physics
3) Chemistry

8) Mathematics B

35) Challenging program

Molecular biology

4) Cell Biology

5) Genetics

6) Evolution

7) Medical science

Science

23) Learning to do scientific research really well

Fundamental

16) Fundamental knowledge
19) Fundamental understanding of health and
disease

Nanotechnology (as a context for
understanding biology)

12) Nanoscience
22) Nanotechnology applied to biology to research
how ‘life” works

Technical

10) Programming: building a mathematical model of
a living organism using the computer

14) Engineering organisms

15) Laboratory work

21) Technical: working with and understanding
equipment (such as specialist microscopes)

Interdisciplinary

9) Combining physics, mathematics, technology and
biology

11) Understanding Cell Biology using physics

13) Combining research methods from physics and
biology

17) Research at the medical/ technological/biological
borderline

18) Mathematics based biology and physics

20) Combining physics and biology for health
applications

24) Being educated in two scientific cultures

38) Lectures at two universities

Table 4.2: Outcome qualitative analysis and operationalization to questionnaire items

Company: technical or medical,
research or alternative

51) Researcher in the pharmaceutical industry

52) Researcher in a technical company

59) Technical commercial staff in a company in the
life sciences

Science: technical or medical, research
or support staff

49) Scientist at a technical university
50) Scientist at a medical institute
53) Laboratory technician

Bridge builder: within sciences or
between science and companies

48) Scientist in new physics, nano-, biomedical
border field

54) "Bridge builder" between science and companies
55) "Bridge builder" between scientific disciplines

Alternative possibilities

56) Science journalist
57) Scientific advisor (government)
58) High school teacher
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Table 4.3: Outcome qualitative analysis and operationalization to questionnaire for the
alternative/structural aspects of the program

Nanobiology alternative/structure Operationalization to the questionnaire items
aspects
New/Innovative:

- field 25) Pioneering in a new scientific field as a new type

of researcher
29) Contribute to newest biomedical science
developments

- program 26) Brand-new program
28) Innovative program
32) Possibility to Contribute to program development

- teaching approach 33) Lots of group work
34) Lots of teacher - student interaction
International 36) Internationally oriented
37) Lectures in English
Defined exit strategy after BSc. 27) Specialist program

30) Specialist laboratory research internship
31) Possibility to enter the job market after the BSc.

4.2 Instrument Design

The questionnaire was build-up as follows:

Part 1) Measured attitudes towards the name “Nanobiology” using:

- Two Open questions on attitudes towards the program name “Nanobiology” (results are handed
separately to commissioner, not included in this thesis for practical reasons)

- One closed question on whether the name provokes a positive or a negative feeling.

Part 2A) Measured on a 5 point Likert scale the attractiveness of the various program aspects and job type
aspects. The 38 program aspects (question 1-38 on the questionnaire, see Appendix 24) and 12 job type,
aspects mentioned in Table 4.1, Table 4.2 and Table 4.3 were used for this.

Part 2B) Measured the attractiveness of the entire program, based on the 38 program aspects and the 12
job type aspects, using the indicators found in the theory (questions 39-47 in the questionnaire, see
Appendix 244). -

Part 3) Measures the importance of each of the individual choice indicators (questions 63-71 in the
questionnaire, see Appendix 244).

Part 4) Measures the probability of study success using questions about students GPA’s (Grade Point
Averages) and students self-efficacy (questions 74-76 and 82-85 in the questionnaire, see Appendix 244).

Part 5) Measures background characteristics including: gender, VWO profile, “beta mentality” and
intentions regarding technical higher education (questions 86-93 in the questionnaire, see Appendix 244).

4.3 Respondent Summary

4.3.1 Method

The survey was completed by 460 5VWO students from various high schools (Gymnasium, Atheneum and
Technasium high schools) in the region of Delft (see Appendix 223 for details of the high schools and the
exact number of respondents per school). The survey was handed out and completed during the physics
or chemistry lesson. Per school surveys were handed out to 1-3 classes; with a number of students
varying from 13 to 58 with NT, NG or NT+NG profiles. The response rate of the students was ~100% as

52



they could complete the form during class under the supervision of either myself or their teacher. Two
surveys were excluded as they were completed for less than 33% or showed a suspicious answering
pattern (meaning that the same answer was given consistently throughout the questionnaire). Fourteen
surveys, containing respondents with either an NT or an NG profile, were not used for practical reasons.
Two were not used because the respondents had neither and NT nor an NG profile (they had an EM
profile). One was not used because the respondent had visited the Nanobiology information day*°, which
put the respondent in a very different starting position compared to the other respondents. Excluding the
cases described above the final number of respondents was 440. This humber does include surveys with a
few missing values. Table 4.4 presents a summary of respondent background information.

4.3.2 Results

Table 4.4: Gender, perceived profile and 'true’ profile for the total valid respondent population.

Gender Frequency Percent
Girl 186 42,3

Boy 238 54,1
Missing values 16 3,6
Total 440 100

‘True’ Profile

(deduced from courses marked) Frequency Percent
Double Profile 262 59,7
No Double Profile 177 40,3
Missing 1 0,2
Total 440 100
Profile according to
respondents Frequency Percent
NT 145 33,0
NG 128 29,1
NG+NT 155 35,2
Missing 12 2,7
Total 440 100

It can be seen in Table 4.4 above that a large humber of students with a double profile seem to be
unaware of this. When asked for their grades, they filled in grades for the courses that correspond to a
double profile, but when asked about their profile they often fill in a single profile.

19 Note, this is a different informative activity cpared to the open days. During the information miagh more
detailed and personal information was given abloeitstudy compared to the open days. The informalkégnis only
aimed at 6VWO students while the open days aredhahe broader target group, also including 5V\W@iehts.
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4.4 Factor Analysis and resulting scales

4.4.1 Method

Table 4.5 shows the themes (scales) constituting the Nanobiology program, based on a factor analysis'! of
440 respondents scores of 38 items describing aspects of the Nanobiology program.

Factor analysis was done using SPSS v19. The extraction method used was Principal Component analysis,
initially based on eigenvalues using Kaisers’ criterion'? with eigenvalue 1 and rotation using varimax. The
number of factor scales produced is not independent of the eigenvalue chosen. Therefore the scree plot
was also examined. This is another method that independently gives an indication of the correct number
of factor scales. The scree plot indicated the same number of factor as the primary analysis.

Initially nine scales came out of the factor analysis. One important result from this was that the intended
interdisciplinary scale did not emerge from the factor analysis. Rather, the interdisciplinary terms were
either spread out amongst other scales or firmly within a non-interdisciplinary scale.

Items were now put in the scale where they had the highest scores and the Cronbach’s alpha for each
resulting scale was calculated. Items lowering the Cronbach’s alpha of a scale below 0,7 were discarded,
as well as items that were alone in a scale. After discarding these items another factor analysis was
performed without the discarded items, this time resulting in six scales and somewhat differing scores for
some items. The procedure described above was repeated for the new scales. In particular,
interdisciplinary terms with a high score in one of the scales where kept there. The six scales were
interpreted and titled as follows: “Biomedical/Molecular Biology”, “Exact/STEM related”,
“Unfamiliar/Nanobiology specific”, “Innovative/specialist”, “Fundamental Science” and “International”

Most terms clearly belonged in a certain scale. Some (interdisciplinary) terms however had high scores
(between 0,35 and 0,6) in more than one scale (with differences smaller than 0,2). As these terms didn’t
necessarily fit best conceptually in the scales where they had the highest score, they were tested (using
Cronbach’s alpha) in all the scales where they had a high score. If they changed the Cronbach’s alpha
positively with roughly the same amount in more than one scale and if the term could be interpreted to fit
in either of the scales, it was discarded for being too unclear (terms 11 and 13).

Term 25 ‘Pioneering...” had a higher score in the ‘Unfamiliar’ scale then in the ‘Innovative/specialist’ scale
and rose the alpha’s of both scales somewhat, but as it tilted the ‘Innovative/specialist’ scale above alpha
0,7 and was intended to fit into that scale it was kept there. Items that lowered the Cronbach’s alpha of
their scale below 0,7 were also discarded. Items that didnt make it into the final themes (factor scales)
are listed underneath Table 4.5. After removing the failing items a final number of six scales with a
Cronbach’s alpha > 0,7 were left.

Finally, to check whether the factor structure still held after deleting the failing items, a final factor analysis
(based on eigen values) was performed on the remaining items. The factor structure didn't fully hold; five
instead of the expected six scales came out (the scree plot also indicated the existence of five rather than
six scales). Four of the six scales remained the same, but two of the six (Innovative/specialist and
Fundamental science) fell into one single factor scale instead of two. The scores for Fundamental science
were much lower though than the scores for Innovative, with the exception of 25 ‘Pioneering...". As it
made more sense conceptually to keep these two scales apart and as both scales had a Cronbach’s alpha
above 0,700, they were kept as separate scales. Finally, doing a factor analysis forcing six scales, the

Y This was actually a principal component analysiording to some this is something different thagiactor
analysis (Field, 2005)

12 Kaisers criterion with eigenvalue 1 is said tor&her conservative but to be accurate if the sarsige exceeds
250 and the average communality is greater thagoal to 0,6 (Field 2005).
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Fundamental science and Innovative/specialist scales did separate again. Below in Table 4.5 the final

results.

Factor scores of the scales were subsequently computed by averaging the scores of the items in each
scale®>. Item scoring was performed using a Likert scale running from 1 (negative evaluation) up to 5
(positive evaluation) with 3 being neutral. This scale was preserved thanks to the simple method used to
compute the scale scores.

4.4.2 Results

Nanobiology aspect scales

Table 4.5: Themes (or scales) of the Nanobiology program. Themes are based on factor analysis on the
list of 38 items describing the (mainly content) aspects of the Nanobiology program. Factor analysis was
carried out in SPSS (Extraction method: Principal Component analysis initially based on eigenvalues
(Kaisers criterion with eigenvalue 1) and finally on forcing 6 scales; Rotation using varimax). Items
from theme’s with a Cronbach’s alpha < 0,7 or from themes constituting less than two items were
discarded. Items not intended to belong in a particular list and with scores spread out over various
scales were also discarded. Factors scores are simple averages of the scores of all items in a scale and
medians of the scale are calculated from that. Item scoring was done using a Likert scale running from 1
(negative evaluation) up to 5 (positive evaluation) with 3 being neutral.

Factor scales of 38 program (content) aspects14

applications; 29) Newest
biomedical science

30) Specialist lab

internship

bio and physics

Biomedical science/ ([Unfamiliar Exact/ Innovative/ |[Fundamental International
Molecular Biology |((Nanobiology STEM related specialist Science
specific)

(a=0,89, (a=0,83, (a=0,84, (a=0,70, (a=0,70, (a=0,78,
Median*=3,29; SD Median*=3,00; Median*=2,71, SD Median*=3,50, [Median*=3,50, SD |Median*=3,50,
=0,947; N=405;) SD = 0,911; = 0,879, N=395) |SD =0,722, |=1,02,N=431) SD = 1,03,
*4,5,7,17,19,20,29 N=369) *1,2,3,8,9,10,18 |N=423) *16,23 N=431)
averaged *12,14,15,21,22, |averaged *25,26,27,28 faveraged *36,37 averaged

30 averaged averaged
4) Cell Biology; 12)Nano- 1) Applied physics;25) Pioneering [16)Fundamental [36) Internatio-
5) Genetics; science; 2) Theoretical in new science; knowledge; nally oriented,;
7) Medical sciences; 14) Engineering |physics; 26) Brand new |23) Learning to do[37) Lectures in
17) Research at organisms; 3) Chemistry; program; scientific research [English
tech/bio/medical 15) Laboratory [8) Mathematics B; | 27) Specialist
borderline; work; 9) Combining program;
19)Fundamental 21) Technical; |physics, math, 28) Innovative
understanding of health; [22)Nanotech-  ftechnology, bio;  [program
20) Combining physics [nology applied to[10) Programming;
and bio for health biology; 18) Math based

Items that didn’t make it into a factor scale or whose factor scale had a reliability < 0,6:

6) Evolution (this formed a separate scale on its own);

11) Understanding cell biology with physics (interdisciplinary term spread out over various scales);

13 Factor scores were also calculated using regression in SPSS and forcing six scales on the final items. For ease of
interpretation however, the unweighted averages of the items in a scale were used as factor scores.

% The terms in the questionnaire were formulated and pre-tested in Dutch; the english translations given in this report are an
indication of the Dutch terms intended for understanding, but for readability they are not exact translations and the english
terms are not validated.
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13) Combining physics and biology research methods (idem, spread out interdisciplinary term);

24) Two culture education: biological and physical sciences (idem, spread out interdisciplinary term);

31) Job market after BSc (in a conceptually unclear scale (with 32) with alpha <0,7); 32) Contributing to
program development (in a conceptually unclear scale (with 31) with alpha <0,7);

33) Group work (in a conceptually unclear scale (with 34 and 35) with alpha <0,7); 34) Lots of teacher -
student interaction (in a conceptually unclear scale (with 33 and 35) with alpha <0,7); 35) Challenging
program (in a conceptually unclear scale (with 33 and 34) with alpha <0,7);

38) Two universities (lowered the alpha of its scale and conceptually didn't make sense there)

It is interesting that the item ‘Evolution’ formed an entirely separate scale. Apparently the respondents did
not connect evolution with the cell biology or biomedical topics at all, meaning they didn’t even connect it
with for example the item ‘Genetics’. It would be interesting to find out how they understand and see
evolution and what topics they connect it with, especially as evolution is an important part of the
Nanobiology curriculum. When looking at the average score of the item ‘Evolution’ over all respondents
(see Appendix 1) the results show nothing special, it has a score a little above 3, making it neutral to
attractive to the average population. It might be interesting to have a closer look and discussion of its
boxplot, but this is outside of the scope of this research project. One of the respondents of the open days
mentioned evolution as one of the aspects of Nanobiology that was less attractive, while the respondent
was very interested in biology in general. It might be worthwhile to further investigate the attitudes and
associations that (high school) students have regarding this topic.

What is also noteworthy is that the items “Group work”, “Lots of teacher — student interaction” and
“challenging program” seem to be associated with each other. Perhaps the idea of having intense
academic interaction is related to the idea of a challenging program, while lots of self-study is associated
with an easier program. This cannot be directly concluded however as the reliability of the scale was below
alpha = 0,7.

Surprising is the link between item 31) “Job market after BSc” and 32) “Contributing to program
development”. One of the respondents who completed in the questionnaire out loud commented on 31) as
following: “yes I would like to have some space to choose my own courses”, indicating that this item was
understood in a very different manner than it was intended to be understood. One respondent commented
on 32) with “yes I think it is important that you can make this decision if you want to”. All of this slightly
suggests that item 32 might be understood to mean personal, individual freedom regarding the curriculum
instead of an invitation to help shape a solid program that is ultimately not intended to be flexible to each
individual apart from the minor and the internships.

Finally it is noticed that the interdisciplinary terms didn’t make it into a scale of their own. This could either
mean that respondents are not familiar with the concept interdisciplinary, or the factor analysis method
was not carried out correctly. The first explanation wouldn’t be too surprising as high school subjects are
organized in a highly disciplinary fashion. One of the chemistry teachers specifically mentioned this. On the
other hand, the respondents visiting the information days used terminology in describing what attracts
them in the Nanobiology bachelor that was very suggestive of interdisciplinary notions. Comments such as:
“combining my favorite courses”, “approaching biology from a physics viewpoint” and “it has a boundary
with other areas” were abundant. It is possible however that they learned this directly from the
communication efforts of the bachelor program: either during the open days or from the website, or even

during the hour before they completed the questionnaire on the information afternoons. During the first
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hour of the information afternoons they listened to a presentation by the program director explaining the
core aspects of the bachelor, of which combining physics and biology is clearly one.

It is also possible however that the rotation method used was not ideal. The wish was to have orthogonal
factors considering the goal of the research, so orthogonal rotation was used. In view of the
interdisciplinary scale however it would make a lot of sense to use oblique rotation which allows for
correlation between the factors. This would make it more difficult though in the end to extract content
elements that can be used for automatic segmentation in strategic communication. More on this will be
discussed in the discussion chapter.

Choice factor scales

Similar to the above, factor analysis was carried out on the list of questions 39 — 47 and 60 — 62;
evaluating all 38 aspects of the program and all the job descriptions (48-59) in terms of the choice
indicators found in chapter 3. Table 4.6 and Table 4.7 show the results from these factor analysis.

Table 4.6: Nanobiology evaluation scales. Evaluation scales are based on factor analysis on the
evaluation questions 39-47 (program) and 60-62 (job descriptions). Factor analysis was carried out in
SPSS (Extraction method: Principal Component analysis based on eigenvalues (eigenvalue 1); Rotation
using varimax). Items from evaluation scales with a Cronbach’s alpha < 0,65 or from evaluation scales
constituting less than two items were discarded. Items lowering the Cronbach’s alpha of a scale below

0,65 were also discarded.

Program evaluation scales

Primary choice indicator
(program based)
(a=0,76, Median=3,00, SD =
0,913, N = 435)

39, 40, 42

Secondary choice indicator
(program based)
(a=0,68; Median=3,67, SD =
0,748, N = 429)
41,43,45

Secondary choice indicator
(job descriptions based)
(a=0,74, Median=3,33, SD =
0,849, N = 433)

60, 61, 62

39) I think a program
described by the 38 aspects is
Interesting

40) I think a program
described by the 38 aspects fits
with my capacities

42) I think a program
described by the 38 aspects
offers me an attractive career
perspective

41) I think a program
described by the 38 aspects
offers me a broad career
perspective

43) I think a program
described by the 38 aspects in
general offers a good chance
to get a paid job

45) I think a program
described by the 38 aspects is
diverse

60) Education towards the jobs
described represent an
attractive career perspective

61) Education towards the jobs
described represent a broad
career perspective

62) Education towards the jobs
described offers good chances
to actually get a paid job

I think a program described by the 38 aspects is...:

44) Difficult/challenging (in a scale with alpha < 0,6 together with 47)

46) Societally orientated (lowered the alpha of the program based secondary choice indicator)

47) Very theoretical (in a scale with alpha < 0,6 together with 44)

These three choice indicators make up three of the four separate indicators that were collected from the
commissioned exploratory research into why Beta-Technical eligible high school students to don't not
choose a Beta-Technical higher education. They are also the ones that fitted less well with the rest of the
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peer reviewed literature (see chapter 3) so it actually makes sense that they didnt make it into the final
choice factors. Only the indicator ‘diversity’ did make it into one of the factors, so this is the only one
factor that does not have a very sound basis from the scientific literature. It makes intuitive sense though
that ‘program diversity’ would be connected with having broad career perspectives and therefore also a
generally good chance of getting a job.

The names of the choice factors were chosen in accordance with the importance that respondents gave to
the various choice indicators. 39), 40) and 42) received the expected rating of 5 (in a Likert scale from 1-
5, 5 being the highest rating). On the other hand 41) and 45) received the little lower average rating of 4.
Item 43) ‘good job chances’ also received the highest rating, but because the job perspectives offered by
education in this program are still rather vague, this rating of 5 should be seen in the context that the
exact jobs are not very clear yet. The job type evaluation scale should also be seen in this light. The job
descriptions are much less clear than the program description, so not too much weight should be given to
the choice factor resulting from the score for the job types. Taking all this into consideration, the first scale
with items concerning the primary program aspects and whose indicators received the highest rating, got
the name were named “primary choice factor” and should be considered as the most important indicator
of the program’s attractiveness. The other two scales, “secondary choice factor (program based)” and
“secondary choice factor (job based)”, however, are also important as we have seen that job perspectives,
even if not crystal clear, are important choice indicators.

Table 4.7: Nanobiology job type scales. Job type scales are based on factor analysis on the job
description questions 48 -59. Factor analysis was carried out in SPSS (Extraction method: Principal
Component analysis based on eigenvalues, (eigenvalue 1); Rotation using varimax). Items lowering the
Cronbach’s alpha of a scale below 0,65 were discarded.

Job type scales

Technical/Scientific emphasis Biomedical emphasis Alpha direction
(a=0,84, Median=2,75, SD = 0,939, (a=0,80, Median= 2,68, (a=0,74, Median=2,00,
N = 425) SD = 0,939, N=425), SD = 1,07, N = 436)
49, 52, 54, 55, 59 48, 50, 51, 53 56, 57
49) Scientist at a technical university 48) Scientist in new physics, 56) Science journalist

52) Researcher in technical company nano, biomedical border field

57) Scientific advisor
50) Scientist at medical (government)

54) "Bridge builder" science and o
institute

companies
51) Researcher in

55) "Bridge builder" between sciences T
pharmaceutical industry

59) Technical commercial employee at
a company that sells equipment to
institutions in the life-sciences

53) Laboratory technician

58) High school teacher scored highest in the “Alpha direction” scale but lowered it more than 0,1 to well
below 0,7 so this item was discarded.

Interestingly *high school teacher’ was also the lowest graded job type by the average population,
receiving a meager 2, meaning it is quite unattractive to them. Humorously, one of the respondents that
filled in the questionnaire out loud described it like this: "I would hate it if I had to teach a group of
teenagers. They're so noisy! Yes even myself, I would definitely not want to be my own teacher!”

It is somewhat surprising that the items 54) and 55), ‘bridge builder’ ended up in the same scale as the
technical science items. It was expected for them to appear in the “Alpha direction” scale together with
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science journalist and science advisor. Apparently the emphasis was on hardcore science in the minds of
the respondents, and less on the notion of bridge builder.

It is also interesting that 48), Scientist in new physics, nano, biomedical border field clearly belonged in
the biomedical career scale, despite the words physics and nano used. It could have happened that this
border field item had come into the same scale with the bridge builders, but again the notion of
interdisciplinarity doesn’t seem to play a very concrete role in organizing the items.

4.5 Assumption tests: normal distribution and homogeneity of variance

With a few exceptions, all metric variables were significantly non-normal (z-scores of skewness, kurtosis
and difference between mean and median gave values generally well above > 1,96 (Field, 2005); K-S tests
gave p-values < 0,00; Q-Q and P-P plots showed divergence from the normal line as well as the
histograms for the same variables. See Appendix 13 for K-S test outcomes and an example of a Q-Q, a P-P
plot and a histogram for a significantly non-normal variable). All data was therefore treated as non-normal.

I assumed homogeneity of variance, but didn't test this as SPSS doesn't offer the possibility to test this for
non-normal data.

4.6 Cluster analysis

In this section the Cluster analysis and results will be presented. Section .4.6.1 presents the general
cluster analysis method and the resulting clusters. Section 4.6.2 presents the median scores of each
cluster for the clustering variables, the program aspect scales, the job aspect scales and the importance
attached to the various choice indicators found in chapter 3, representing the dimensions of program
attractiveness. Significance analysis of differences between clusters as well as differences between cluster
scores and the neutral values are also presented. Section 4.6.3. presents the nominal cluster
characteristics and significance analysis of differences between clusters.

4.6.1 Resulting clusters
Method

To segment the group of respondents in terms of indicators for how attracted they are to the Nanobiology
program and how likely they are to succeed in the program, a cluster analysis was carried out according to
the method described in Burns (2009). The cluster variables were: the three choice factor scales (primary
choice scale (program based), secondary choice scale (program based), secondary choice scale (job
based)); the self efficacy scores for Physics, Mathematics B and Biology (questions 74-76 in the survey)
and the GPA (Grade Point Average) for Physics and Mathematics B as well as the Biology grade (or the
Chemistry grade if the Biology grade was missing). To determine the optimum number of clusters to work
with, a hierarchical cluster analysis was first run using Ward's method and applying squared Euclidean
Distance as the distance or similarity measure (Burns, 2009). Based on analysis of the coefficients in the
agglomeration schedule and the dendogram, either five of eight clusters could be identified. (See Appendix
14 and 15 for last part of the agglomeration schedule coefficients and the dendogram). Two K-means
cluster analysis were run, the first forcing 5 clusters and the second forcing 8 clusters™. The cluster
centers for all clusters resulting from this were analyzed. The K-means method forcing 8 clusters provided
a more interesting cluster differentiation with regard to the research question and was therefore selected.

15 Cluster number = 8, Max iterations = 10, Convergence=0
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Results

From the eight resulting clusters three were identified as interesting considering the research question,
while the other 5 clusters where grouped together in one “rest” cluster. The resulting four clusters were
interpreted and titled as follows:

1)

2)

3)

4)

The dream cluster: relatively high scores on all the choice factor scales (indicating an attraction
towards choosing the program) and relatively high self efficacy and GPA scores for Physics,
Mathematics and Biology (indicating relatively high success probability).

The risky cluster: relatively high scores on the choice factor scales (indicating an attraction towards
choosing the program) but with relatively low self efficacy and GPA scores for Physics, Mathematics B
and Biology (indicating relatively low success probability, see theory).

The potential cluster: relatively low scores on the choice factor scales (indicating a repulsion from
choosing the program) but having relatively high self efficacy and GPA scores for Physics, Mathematics
B and Biology (indicating relatively high success probability).

The rest cluster: relatively low scores on the choice factor scales (indicating a repulsion from
choosing the program) and having relatively low self efficacy and GPA scores for Physics, Mathematics
and/or Biology and in most cases for all of them (indicating relatively low success probability).

In Figure 4.1 this segmentation is visualized and Table 4.5.1 gives the cluster centers that resulted from

the K-means analysis.
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Figure 4.1: Segmentation of sample population in four clusters according to indicators for success
probability and attraction towards program. Program attraction indicators were measured on a Likert
scale from 1-5 with 1 and 2 being negative, 3 neutral and 4 and 5 positive. Success probability was
measured both in GPA’s and in self-efficacy for the courses Physics, Mathematics and Biology. Self-
Efficacy was closely linked with GPA so that a low GPA correlated with a low self-efficacy and vice versa,

see also Table 4.8.
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Table 4.8: Final Cluster Centre’s resulting from K-means cluster analysis forcing 8 clusters. Original scoring
was done one a Likert scale running from 1-5 with 1 being the most negative, 3 being the neutral and 5
being the most positive value. For ease of interpretation, cells with cluster centers with a score around
neutral are left colorless, while clear positive scores are made green and clear negative scores are made
red.

Rest Cluster

Cluster Dream Cluster Risky Cluster Potential Cluster
Variable

Primary choice 4,01 3,60 3,06
factor (program
based 39,40,42)

Secondary 4,21 4,02
choice factor
(program based
41,43,45)

3,27

Secondary 3,77
choice factor
(job based
60,61,62)

Self efficacy 4,21
scores for
Physics,
(question 74 in
the survey)

Self efficacy 4,16
score for Biology
(question 75 in
the survey)

Self efficacy 3,88
scores for
Mathematics B
(question 76 in
the survey)

GPA (Grade 7,38
Point Average)
for Physics and
Mathematics B

Biology grade 7,34
(or Chemistry
grade if Biology
was missing).

From the Cluster centers we see that the dream group scores positive on all choice and success indicators,
which is perfect. The risky group however scores positive on all choice indicators, while they score
negative on most success indicators, except for Biology Self-efficacy (positive) and Physics self-efficacy
(neutral). Interestingly, the self-efficacy for biology of the risky group (4,01) is quite when comparing it to
the actually GPA, especially if you put it next to the self-efficacy of the potential group (4,13), which has
almost the same score (4,13) while their biology GPA is almost two points higher than that of the risky
group. Relative self-efficacy is however the important success indicator, not absolute self-efficacy.

The potential group is not excited about the types of jobs that Nanobiology seem to give access too,
telling from the 2,71 they give the jobs based choice scale. They have a more or less neutral stance
however to the secondary job based choice factor and the program based choice factor. So it seems from
this their might be hope for recruiting some of these students as it seems they're not entirely negative
towards the program.
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4.6.2 Cluster median scores and significance analysis.

This section present the cluster medians and analysis of significance in the differences between the cluster
medians for the following variables: the three choice factor scales and their overall average, the success
likelihood indicators, the program aspect scales, the job description scales and the importance attached to
the various dimensions of attractiveness of a higher education program.

Method

Kruskall-Wallis tests followed by Mann-Whitney*® tests with Bonferonni correction were used to determine
significance in the differences in median scores between the three interesting clusters (see Appendix 6-19
for details, summaries are included in the text). Scores were significantly different if they had a p<0,05/4
corresponding to p<0,0125. For the most important outcomes, one sample Wilcoxon signed rank'® tests
were used to determine whether medians of cluster scores were significant different from the neutral
values. The neutral value for grades and grade point averages (GPA's) was set at 7 while 3 was neutral for
all other variables.

18 The Mann-Whitney test is a non-parametric analog to the independent samples t-test and can be used when you do
not assume that the dependent variable is a normally distributed interval variable (you only assume that the variable is
at least ordinal). http://www.ats.ucla.edu/stat/spss/whatstat/whatstat.htm

17 When doing Mann-Whitney tests after Kruskall-Wallis on variable differences measured between more than two
independent groups, the upper limit of the p-value should be divided by the number of independent groups to prevent
a pile up of Type 1 error (Field, 2005). This is called the Bonferonni correction. In our case the number of
independent groups is the number of clusters, which is four. So for a difference to be significant, the p-value should
be lower than 0,05/4= 0,0125.

18 The Wilcoxon signed rank test is the non-parametric equivalent of the dependent samples t-test.
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Results

Kruskall-Wallis test:

Table 4.9: Outcomes of the Kruskall-Wallis tests for significant differences between the 4 clusters: all
metric variables that are of interest for the cluster analysis were tested. For details see Appendix 6.

Chi- Df p-value
Variable Square (Asymp.
Sig.)

Self-efficacy scores for Physics 89,175 3 ,000
Self-efficacy score for Biology 112,512 3 ,000
Self-efficacy scores for Mathematics B 162,447 3 ,000

. . 153,402 3 ,000
GPA (Grade Point Average) for Physics and
Mathematics B
Grade Point Average of all filled in grades 161,208 3 ,000
Biology grade (or Chemistry grade if Biology was 78,654 3 ,000
missing).
Science/Technically oriented career average 65,269 3 ,000
Biomedical scientist career average 65,269 3 ,000
Alpha direction (Journalist/Advisor) average 14,139 3 ,003
Primary choice scale 135,746 3 ,000
(program based 39,40,42)
Secondary choice scale (program based 87,703 3 ,000
41,43,45)
Secondary choice scale (job based 60,61,62) 99,536 3 ,000
Overall average of all choice factors 169,190 3 ,000
(39,40,41,42,43,45,60,61,62)
BioMed: 4,5,7,17,19,20,29 averaged 63,841 3 ;000
Unf: 12,14,15,21,22,30 averaged 60,730 3 ,000
Exact: 1,2,3, 8,9,10,18 averaged 51,191 3 ,000
Science: 16,23 averaged 27,450 3 ,000
Innovative: 25,26,27,28 averaged 29,813 3 ,000
International: 36,37 averaged 11,000 3 012

From the table above it can be seen that there were significant differences in median rating for all the
Nanobiology aspect scales found, all the choice factors and all the success indicators.



Wilcoxon signed rank tests:

Table 4.10: Outcome of Wilcoxon signed rank tests for variables with 3 as their neutral score. A value of
P < 0,05 indicates a significant deviation from neutral of a cluster median score for a certain variable. A
value of p>0,05 indicates that a cluster median score for a certain variable is not significantly different

from the neutral value.

Does the Does the Does the Does the
median of the median of the median of the median of the
dream cluster risky cluster for potential rest cluster for
for this this variable cluster for this this variable

Variable variable equal equal 3?7 What variable equal equal 3?7 What
3?7 What is the is the p-value? 3?7 What is the Is the p-value?
p-value? p-value?

Primary choice scale No. p<0,000 No. p<0,000 Yes. p<0,336 No. p<0,000

(program based

39,40,42)

secondary choice scale |\ 0 000 No. p<0,000 No. p<0,002 No. p<0,000

(program based

41,43,45)

Secondary choice scale

(job based 60,61,62) No. p<0,000 No. p<0,000 No. p<0,014 Yes. p<0,866

Overall average of all No. p<0,000 No. p<0,000 Yes.p<0,532 | Yes. p<0,248

choice factors

Self efficacy scores for

Physics, (question 74 No. p<0,000 Yes. p<0,0238 No. p<0,000 Yes. p<0,268

in the survey)

Self efficacy scores for

Biology (question 75 in No. p<0,000 No. p<0,000 No. p<0,000 No. p<0,007

the survey)

Self efficacy score for

Mathematics B No. p<0,000 No. p<0,000 No. p<0,000 No. p<0,050

(question 76 in the

survey)

Biomedical science

/Molecular Biology No. p<0,000 No. p<0,000 Yes. p<0,197 Yes. p<0,199

gg:gi?é"ar/ Nanobiology | no h<0,000 No. p<0,000 Yes. p<0,113 No. p<0,000

Bxact/STEM related No. p<0,000 No. p<0,000 Yes.p<0,438 |  No. p<0,000

Innovative/specialist No. p<0,000 No. p<0,000 No. p<0,010 No. p<0,000

Fundamental science No. p<0,000 No. p<0,000 Yes. p<0,607 | Yes.p<0,738

International No. p<0,000 No. p<0,000 No. p<0,000 No. p<0,000

Technical/Scientific No. p<0,000 Yes. p<0,453 No. p<0,000 No. p<0,000

career emphasis

Biomedical career No. p<0,000 Yes. p<0,453 No. p<0,000 No. p<0,000

emphasis

Alpha direction No. p<0,001 Yes. p<0,078 No. p<0,000 No. p<0,000

(Journalist/Advisor)

It can be seen from the table above that for the dream cluster, all median scores were significantly non-
neutral, confirming what is shown by Table 4.8 with cluster centers marked green. For the risky cluster all
scores except physics self-efficacy, and all three of the job type scales are significantly non-neutral. This
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corresponds to the neutral colors given in Table 4.8on cluster center scores. It is somewhat strange
however that all three career scales get a neutral score, while the career choice factor (secondary choice
factor, job based) is clearly positive. So while they aren’t particularly attracted to any of the career scales,
they are attracted to the general picture given by the career scales, evaluating them as generally
attractive, broad and giving a good chance of finding a job.

The potential cluster scores neutral on the primary choice factor, on the (unweighted) average of all
choice factor scales and on the program aspect scales “Biomedical”, “Unfamiliar”, “Exact” and
“Fundamental science”. Especially the neutral scores for the scales “Exact” and “Biomedical science” is
somewhat surprising as these students have high GPA’s and high self-efficacy for mathematics and physics
as well as for biology/chemistry. It becomes even more interesting now to know the composition of this
group in terms of background characteristics. This will follow in section 4.6.3

Table 4.11: Outcome of Wilcoxon signed rank tests for variables with 7 as their neutral score. A value of
p < 0,05 indicates a significant deviation from neutral of a cluster median score for a certain variable. A
value of p>0,05 indicates that a cluster median score for a certain variable is not significantly different
from the neutral value.

Does the Does the Does the Does the
median of the median of the median of the median of the
dream cluster risky cluster for potential cluster rest cluster for
for this variable this variable for this variable this variable

Variable equal 7? What is equal 7? What is equal 7? What is equal 7? What is
the p-value? the p-value? the p-value? the p-value?

GP_A (Grade No. p<0,001 No. p<0,000 No. p<0,000 No. p<0,000

Point Average)

for Physics and

Mathematics B

Biology grade No. p<0,003 No. p<0,007 No. p<0,000 No. p<0,000

(or Chemistry

grade if Biology

was missing).

GPA of all filled No. p<0,000 No. p<0,000 No. p<0,000 No. p<0,000

in grades

All the clusters scores significantly different from neutral on all variables in Table 4.11 above. This makes
interpretation of the cluster center scores for these variables easy: scores above 7 are really above 7 and
scores below 7 are truly below 7 and not the result of sampling errors.

Comparing median scores of program aspect scales, choice factors and success factors pair
wise between clusters:

Figure 4.2 below shows the medians of the three choice factors and their overall average per cluster. All
median differences between the three interesting clusters were significant with the exception of a few.
Significant and non-significant differences and their corresponding p-values are mentioned at the bottom
of each graph. Original scoring was done on a Likert scale running from 1 — 5, with 1 being the most
negative score, 3 being neutral and 5 being the most positive score. Because factor scores are not
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calculated by the refined techniques available in SPSS but simply by averaging® the scores of each of the
items in a factor, the original scale is preserved.

The first three graphs that follow (Figures 4.2, 4.3 and 4.4) in essence give a summary of the cluster
centers from Table 4.8 above and visualize the differences between the clusters. In general the intuitive
picture is the correct one: differences that look significant are in general indeed significant and vice versa.
There are a few exceptions however. The p-values for all pair wise difference comparisons are given below
each graph.

The two graphs that follow then (Figures 4.5 and 4.6) are the really interesting ones as they show how the
different clusters score the various program aspect scales, job aspect scales and the single choice indicator
items. Scales and choice indicator items that are scored very differently by the dream, risky and potential
cluster are the most interesting ones as these could potentially be used in strategic communication using
automatic segmentation.

Choice indicators: Choice factors scales

Medians of choice factors and overall average choice factor
for the 4 clusters
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Figure 4.2: Scale medians per cluster for the choice factor scales and their total average. Scoring was
done originally on a 5 point Likert scale with 1 being the most negative value, 3 being the neutral value
and 5 being the most positive value. Final scale scores were calculated by unweighted averaging of the
scores of the items in a scale, in this way preserving the original scale.

Non-significant differences in the choice scales:
- Secondary choice factor (program based): Dream = Risky (p<0,049) (BF: p<0,0125);

- All choice factors averaged: Dream = Risky (p<0,013) (BF: p<0,0125);

¥ This method was also used by Warps et al. (2016%iculating the ‘binding’ scores that were cadted using a
scale with many items. They simply used the unweigjlaverage of all the single items in the scaleatoulate the
final scale score.
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- Secondary choice factor, job based (Job evaluation): Dream = Risky (p<0,421);

Significant difference in choice scales:

- Primary choice factor (program based)
Dream > Potential (p<0,000); Risky > Potential (p<0,000);

- Secondary choice factor (program based)

Dream > Potential (p<0,000); Risky > Potential (p<0,000);
- Secondary choice factor (job based)

Dream > Potential: (p<0,000); Risky > Potential: (p<0,000);
- Average of all three choice scales:

Dream > Potential (p<0,000); Risky > Potential (p<0,000);

Success indicators: GPA and self-efficacy

Medians of succes likelihood indicators: grades and GPA's
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Figure 4.3: Scores per cluster for the success likelihood indicators. Scoring was done originally on a
continuous scale with the theoretical range from 0 - 10, 0 being the most negative value, 7 being the
neutral value and 10 being the most positive value. Final indicators were calculated as follows: GPA
MathB and Physics is the unweighted average of respondents MathB and Physics scores. If a respondent
lacked either of the scores, then either the physics or the mathematics grade was used. GPA all filled in
grades is the unweighted average of respondents MathB, Physics, Biology and Chemistry scores. If a
respondent lacked either of the scores, it was simply left out of the calculation. Biology grade is simply
the biology grade, unless a respondent didn’t have a biology grade: in that case their chemistry grade
was used. The original scales are preserved.

Non-significant differences in the success likelihood indicators (GPA):

- Biology grade: Dream = Potential (p<0,122);

Significant difference in success likelihood indicators (GPA):
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- Average of Physics and Mathematics B grade (or Physics grade if there was no mathematics)
Dream > Risky (p<0,000); Dream < Potential (p<0,001); Risky < Potential (p<0,000);

- Average of all grades (up to four) filled in

Dream > Risky (p<0,000); Dream < Potential (p<0,006); Risky < Potential (p<0,000);

- Biology grade (or chemistry grade if there was no biology grade)

Dream > Risky (p<0,000); Risky < Potential (p<0,000);

Medians of succes likelihood indicators: self efficacy

5] ] B dream cluster

[ risky cluster
[ potential cluster
| (all the rest)

Median

74) Physics 75) Biology 76) Mathematics
B

Figure 4.4: Medians of success likelihood indicators: self efficacy

Significant difference in success likelihood indicators (self efficacy):
-Self-efficacy Physics (Q74);

Dream>Risky (p<0,000); Risky < Potential (p<0,000);
-Self-efficacy Mathematics B (Q76);
Dream > Risky (p<0,000); Dream < Potential: (p<0,000); Risky < Potential (p<0,000);

Non-significant differences in the success likelihood indicators (self efficacy):
- Self-efficacy Physics: Dream = Risky (p<0,764)
- Self-efficacy Biology: Dream = Potential (p<0,965); Dream = Risky (p<0,200); Risky = Potential
(p<0,280)

Program aspect and job aspect scales:
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Medians of program aspect and job type scales for the 4 clusters
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Figure 4.5: Scales scores per cluster for the program aspect scales and the job type scales. Scoring was
done originally on a 5 point Likert scale with 1 being the most negative value, 3 being the neutral value
and 5 being the most positive value. Final scale scores were calculated by unweighted averaging of the

scores of the items in a scale, in this way preserving the original scale.

The list below gives the p-values for the differences between the cluster medians. Most interesting result is
the cluster medians for the exact theme: the dream group scores a positive median while the risky group

scores a negative mean. The potential group scores neutral on the exact theme. (The Wilcoxon-signed
rank test comparing on each cluster group’s median to the neutral score ‘3’, as presented in Table 4.10
above, confirms that the dream and risky clusters score significantly different from 3, neutral, p<0,000,
while the potential group does not score significantly different from neutral p<0,438.)

What is also interesting is that no one is very interested in the journalist/advisor career scale. The risky
cluster has a neutral stance to it, but the rest gives is a negative score.

On the other hand, everybody is positive about the international aspect.

Finally, it is noteworthy that the dream cluster scores highest and clearly higher than the other clusters on

the themes “Biomedical (/Molecular Biology)” and “(Fundamental) Science”. They are also positive about

the exact scale, be it a little less overwhelmingly. It seems from this that the dream group would indeed fit

the study in terms of core content, as it concerns in particular science and a combination of biomedical
and exact content.
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Non-significant differences in the program aspect and job type scales.
- International: Dream = Potential (p<0,671); Dream = Risky (p<0,284); Risky = Potential (p<0,451)

- Unfamiliar: Dream = Risky (p<0,066);
- Innovative: Dream = Risky (p<0,051);
- Science: Risky = Potential (p<0,185);

- Science/Technical Career: Dream = Risky (p<0,025) (BF: p<0,0125);
- Biomedical Career: Dream = Risky (p<0,025) (BF: p<0,0125);
- Journalist/Advisor career: Dream = Potential (p<0,19); Dream = Risky (p<0,181)

Significant difference in program aspect scales and job type scales:

- Biomedical/Molecular Biology

Dream > Potential (p<0,000); Dream > Risky (p<0,010); Risky > Potential (p< 0,002);
- Exact

Dream > Potential (p<0,006); Dream > Risky(p<0,000); Risky < Potential (p<0,002);

- Science

Dream > Potential (p<0,000); Dream > Risky (p<0,006);

- Unfamiliar

Dream > Potential (p<0,000); Risky > Potential (p< 0,002);

- Innovative

Dream > Potential (p<0,000); Risky > Potential (p<0,009);

- Science career

Dream > Potential (p<0,000); Risky > Potential (p<0,000);
- Biomedical career

Dream > Potential (p<0,000); Risky > Potential (p<0,000);
-Journalist/Advisor

Risky > Potential (p<0,001);

Non-significant differences in the program aspect and job type scales.
- International: Dream = Potential (p<0,671); Dream = Risky (p<0,284); Risky = Potential (p<0,451)

- Unfamiliar: Dream = Risky (p<0,066);
- Innovative: Dream = Risky (p<0,051);
- Science: Risky = Potential (p<0,185);
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- Science/Technical Career: Dream = Risky (p<0,025) (BF: p<0,0125);
- Biomedical Career: Dream = Risky (p<0,025) (BF: p<0,0125);
- Journalist/Advisor career: Dream = Potential (p<0,19); Dream = Risky (p<0,181).

Relative importance of each single choice indicator
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Table 3.3)

Medians of the importance attached to various aspects of higher education
programs according to the 4 clusters
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Figure 4.6: Scores per cluster for the single choice indicators found in Chapter 3 (see
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Table 3.3). Scoring was done originally on a 5 point Likert scale with 1 being the most negative value, 3
being the neutral value and 5 being the most positive value.

From this graph we notice that most of the single choice indicators have the same weight of importance to
all the respondents and therefore cannot be used as an extra tool in strategic communication using
automatic segmentation. This does make the communication easier though, as now it is clear that the
choice factors have more or less the same weight for different respondents. The only factor that is
different is the ‘societally oriented’ factor, that is more important to the risky cluster than too all the other
clusters. This is an important observation, as lack of societal orientation was found (by some of the
commissioned research mentioned in Chapter 3) to be a reason for not choosing a Beta-Technical higher
education. If the risky group sees the Nanobiology bachelor as societally oriented, this could become an
extra attracting factor, but unfortunately working on the ‘wrong’ segment of the population. On the other
hand, if a respondent from the risky group would enroll in the program and discover at a later stage that
there is in fact a lack of societal orientation in the program, this could become an extra factor working
against the student’s study success. The societal orientation indicator could be connected to ‘attainment
value’, or *fitting with ones values’. If the program in the end fails to provide the necessary congruence
with a students’ values, it will work against the success likelihood of this student.

The other interesting observation is that the dream cluster hold the ‘theoretical’ indicator as more positive
than the other clusters. This is again a good indicator, as there is a substantial amount of theory to deal
with in the program.

4.6.3 Nominal Cluster characteristics and significant differences in respondent background.

Below follows an overview of differentiating background characteristics of the four clusters. Nominal
variables such as gender were cross-tabulated with the cluster number. Significance analysis was done
using Pearson Chi-Square and comparison between clusters using the Bonferroni correction. As there were
varying amounts of missing values the number of valid respondents ‘N’ is also given for each nominal
variable.

Beta Mentality

There are no significant differences between the clusters with regard to Beta-Mentality, with the exception
of the risky and potential cluster for the “Career Beta” mentality. There are significantly less Career Beta’s
in the risky cluster than in the potential cluster. (Pearson Chi-Square value=25,937; df = 9; p<0,002;
N=333)

Gender

There are no significant differences in gender between the 4 clusters. (N=365).

Profile according to respondents

The risky cluster has a significantly lower percentage NT profiles when compared to the rest cluster. It also
has a higher NG percentages than all the other clusters. The dream and potential cluster has a lower
percentage NG than the risky and the rest cluster. The risky cluster also has less double profiles than the
potential cluster, while the potential cluster also has more double profiles than the rest cluster. (Pearson
Chi-Square value = 42,151; df=6; p< 0,000; N=369)

Higher education decision
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There is no significant difference between the clusters with respect to whether or not they have made a
decision regarding a higher education program or not. (N=369)

Positive or negative feelings associated with term ‘Nanobiology’

The dream cluster has a significantly higher percentage of respondents with a positive feelings compared
to the rest and the potential cluster and vice versa for the negative feeling. There is no difference however
between the risky and the dream cluster. (Pearson Chi-Square value = 17,509; df = 3; p<0,001; N=344)

True double profile or not

The dream and potential clusters have significantly higher percentages of double profiles compared to the
risky and rest cluster and vice versa for ‘no double profile’. (Perason Chi-Square = 49,256; df=3; p<0,000;
N=370).

Biology grade (i.e. biology is one of their courses)

The rest cluster has a lower percentage of people with biology as a course compared to all other three
clusters. Vice versa, the dream, risky and potential cluster all have a higher percentage of respondents
who filled in a biology grade (Question 84) and therefore presumably have biology as a course. (Pearson
Chi-Square value = 26,509; df=3; p<0,000; N=370)

Technical Higher Education Intention

The dream cluster has a significantly higher percentage of respondents with the intention of doing a
technical higher education than the other three clusters (and vice versa for not having the intention of
choosing a technical higher education). The percentage of doubters do not differ between the clusters.
(Pearson Chi-Square value = 40,228; df = 6; p<0,000; N=360).

NLT as a choice course

There is no significant difference between the clusters with regard to respondents having NLT as a course
or not. (N=370)

Higher Education Types decided upon

Most higher education categories had a too small number of respondents choosing it for doing a reliable
Chi-Square analysis. An exception was ‘Medicine’, mentioned by a total of 58 out of 270 respondents who
have already decided what type of higher education they want to follow. No significant difference in
percentage amongst the four clusters arose however from the Chi-Square test.

Summarizing the differentiating characteristics found above it follows that:

The Risky cluster is different from the Rest cluster in that is has less respondents that filled in NT as
their profile and more respondents that take biology as one of their courses. It is furthermore different
from the Dream cluster as it has more respondents who filled in NG as their profile, less respondents who
truly have a double profile and less respondents with the intention of choosing a technical higher
education. Finally, it is different from the Potential cluster in that is has less Career Beta’s, more
respondents who filled in NG as a course and less respondents who filled in both profiles.

The Dream cluster has, apart from the differences with the risky cluster mentioned above, differences
with the Potential and the Rest cluster. When compared to the Potential cluster, more respondents have a
positive feeling about the term *Nanobiology’ and more respondents with the intention of choosing
technical higher education. The Dream cluster is finally different from the Rest cluster in that it has more
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respondents with positive feelings towards the term *‘Nanobiology’, more respondents that truly have a
double profile, more respondents that have biology as a course and more respondents with the intention
of choosing a technical higher education.

Finally, the Potential Cluster differs from the Dream and Risky clusters as described above, and it differs
from the Rest cluster in that it has less respondents who filled in NG as their profile, more respondents
who filled in a double profile and more respondents who have biology as a course.
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4.7 Reliability and validity of analysis

4.7.1 Factor Analysis
Sufficient number of respondents?

After running the factor analysis for this research the sample size had decreased significantly (from 440 to
290) due to missing values. For a respondent to be part of the final sample, all items in a factor scale have
to be filled in. Even if one item is missing, the factor analysis cannot be run. A respondent number of
~300 is enough though for a reliable factor analysis. Field (2005) quotes Tabachnick & Fidell (2001) that
‘it is comforting to have at least 300 cases for factor analysis, and refers to Comrey & Lee (1992) stating
that 300 is a good sample size. He also refers to Kass & Tinsley to support this number.

At the same time, the results are formally not generalizable to the entire population. According to Field
(2005), Principal component analysis (as well as principle axis analysis) assumes that the sample is the
entire population. Results can therefore not be generalized unless a different sample reveals the same
factor structure.

Assumptions for data analysis methods met?

Assumptions on the data for factor analysis are: “The data should have a bivariate normal distribution for
each pair of variables, and observations should be independent” (SPSS v16). I assumed independent
observations as each survey was completed by a unique person. Many variables were however significantly
non-normal. Therefore, it would have been better to use Principal Axis factoring as factor extraction
method (Boe 2011) as this method does not assume normality of data. It does assume continuity of data
while the factor items were scored on a five point Likert scale. However, if ordinal data do not have strong
floor or ceiling effects, Likert scales with five categories can be approximated as continuous (Boe 2011
referring to Finney & DiStefano, 2006 and Current, West & Finch, 1996). However, in the end principal
component analysis and principal axis analysis usually results in similar solutions (Field 2005).

As the Eccles et al. model predicts choice factors to be correlated, the rotation method for the choice
factors should have been one that allows that (see Boe 2011). I used the most common rotation method
(varimax) which does not assume correlation between factors.

There are nevertheless good reasons to still trust the results that came out of the factor analysis as their
reliability and validity can be evaluated independent of the factoring method. The reliability of the factors
that came out were checked using Cronbach’s alpha and most factors had high scores of reliability: above
0.7, which is an accepted cutoff point in general (Field, 2005) and also for attitudinal measures (Boe, 2011
and her reference to Gable & Wolf, 1993). Factor loading of items were generally high (above 0,6) and
items with unclear loading patterns (spread out or low) were critically evaluated and mostly rejected, as
described in the results chapter. Finally, validity of the factors could be checked by examining the
conceptual relations between the items in a factor.

Program aspect scales and job type scales
Chapter 4.3 Table 4.5 gives the themes that define the Nanobiology bachelor and Table 4.7 gives the
careers it prepares for as understood by the target population. These are:

Content aspect scales: Biomedical/Molecular Biology; Exact/STEM related; Unfamiliar/Nanobiology specific;
Fundamental Science;

Job type scales: Technical/Scientific career emphasis; Biomedical career emphasis; Alpha Direction.

Other aspect scales: International; Innovative/specialist;
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The scales deserve some discussion. As mentioned before it is interesting that none of the interdisciplinary
items came together to form a separate scale. Also, not all of the scale items in the
“Unfamiliar/Nanobiology specific” and “Innovative/specialist” scales are directly intuitive. Considering the
fact that much of the data is significantly non-normal, while factor analysis has as a general assumption
that the data is normally distributed, discussing validity of the resulting factors becomes more important.

The scale ‘Innovative’ had the item ‘specialized’ in it. This items should be reconsidered as it doesn’t make
direct intuitive sense in the theme of Innovation. Because this aspect of the program, being a specialized
bachelor, was mentioned by one of its initiators (David Griinwald) in connection with its innovativeness, it
made sense to me to leave it in that scale. It is however harder to understand why a high school student
would have a similar attitude towards specialization as to innovation. This does not directly devalidate the
main results however, as the innovation scale is a less important scale then the program aspect scales
with regard to influencing choice. It is however still important to know students’ attitudes towards this
aspect as it is a distinguishing and important part of the program.

The other scale that deserves to be discussed is the “Unfamiliar/Nanobiology specific” scale. The scale had
a high reliability and the items in the scale are all items of which it can be imagined that they are
unfamiliar to high school students. Incidentally I found that the items in this scale were all rather specific
to the Nanobiology bachelor

The unfamiliar scale did also have the highest number of missing values, 16% versus 2-10%, also
somewhat encouraging this scale title. Whether or not the items are indeed quite specific to the
Nanobiology bachelor is an interesting discussion. If this is true, it means that it will prove quite a
challenge to communicate this distinguishing part of the identity of the program. High school students
connect the items in this scale, but it is unclear how they interpret them other than being all very different
from what they are used to.

‘Interdisciplinary’ lacking as a scale

The fact that the very important scale ‘interdisciplinary’ didn't come out of the factor analysis deserves
some attention. Does this result mean that the concept ‘interdisciplinary’ does not affectively exist as a
single entity in the min ds of students? It could be. This could have been expected considering that Dutch
secondary education is strongly disciplinary. One chemistry teacher discussed this with me while waiting
for his class to come in: “high school students do not have the slightest notion that courses such as
physics, chemistry and biology could have anything to do with each other as they are taught completely
separate.” When asking him if this is different for students following the course NLT?, he said that even
NLT which is supposed to be interdisciplinary in practice is taught in a very disciplinary fashion as each
disciplinary module is taught by a teacher from a particular discipline”. One might expect that students
who have a double profile are more interdisciplinary interested. This might be the case for NT students
who also take biology out of interest, especially considering that a lot of NT students express a strong
dislike for biology. However, NG students who also have Physics in their package often choose this to keep
their career options open rather than out of a real interest in the subject. Many of them want to study
medicine and this requires having physics in your package.

For some students the notion of interdisciplinary may exist though. One of the test persons with a double
profile who also has NLT as a course remarked that she both likes and thinks she’s good at “combining

2ONLT stands for “Natuur, Leven & Techniek”, the magerdisciplinary high school course, intendedrtake a
connection between different (scientific) disciglén
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physics, mathematics and biology” as she always does this in her course NLT and she thinks this is a great
course for this very reason!

Furthermore, many of the respondents from the preliminary research, when asked what they find
attractive about the Nanobiology bachelor, gave answers in the direction of it being interdisciplinary.

”

Answers like: “combining courses” and “being at a borderline”, “combining technology with biology”, “the
broadness of it, combining all my interests”, “combining physics with biology” and other rather
interdisciplinary terminology. Though these reasons were given after they had the introduction talk, they
all have rather different interdisciplinary descriptions so it does seem to be really coming from themselves
and it seems to describe an interdisciplinary interest as a particular motivation to feel attracted to the
study. Not just enjoying either or both of the main disciplines, but also the combination! Perhaps the
conclusion is that some students do have interdisciplinarity as a notion, but they are too few to make this
come out as a separate factor. For a map of all the reasons given for the Nanobiology program being
attractive see Appendix 6 and for a map of descriptions given of the Nanobiology program see Appendix 7

(both in Dutch).

The other possible explanation for the non-existence of an interdisciplinary scale is simply that it is
(strongly) correlated to some of the other scales, in particular the disciplinary ones. Perhaps using a factor
rotation method that allowed for correlation between factors (oblique rotation) would've been better. In
that case however problems might arise in finding the program aspects that can be used to send different
messages to different parts of the target population, as the whole idea was.

Choice factor scales

As was shown in the theory chapter, the factors that influence high school students’ higher education
program choice are:

1) Content/Interest;

2) Fits to capacities;

3) Job perspectives (type of jobs attractive?);

4) Job chances (broad opportunities?);

5) Job chances (Good chances of finding a job?);
6) Level of theory;

7) Societal orientation;

8) Diversity;

9) Hard/challenging.

The factor analysis in section 4.4 was run on students’ evaluation of the Nanobiology program using all
eight terms, as well as on their evaluation of the job types described in terms 3-5, to see which choice
indicators belong together. This delivered three choice scales that were used as new variables in the
cluster analysis (see Table 4.6 in section 4.3). It is not surprising that the first three indicators came
together in one scale. Program interest and vocational based on program content is related according to
vocational theory as touched upon in the theory chapter. The theory chapter also showed that ‘interest’
and it to capacities’ are related concepts. The second choice scale, containing the fourth, fifth and last
indicators, also makes sense. It is not hard to imagine that high school students could intuitively relate a
diverse program to broad future job opportunities. And off course, if the job opportunities are “broader”, it
is intuitive to think that that would correspond with a “bigger amount” of job opportunities and therefore a
“bigger chance” to actually find a job. The third scale, containing the three evaluations of the Nanobiology
job descriptions, is interesting. Apparently appreciation for the program content in terms of attractiveness,
broadness and anticipated job chances is not directly related to appreciation for the job types described
for Nanobiology. If this would have been the case, these indicators would have fallen within the first two
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choice scales (3 in scale one and 4,5 in scale two). This is important as it indicates a possible discontinuity
between program and future career possibilities. If students are attracted to the program but not the
anticipated types of careers, this could make them reconsider enrolment, or worse, reconsider their
studies or chosen career path at a stage after enrolment. On the other hand it is also not surprising that
the career types evaluation form a separate scale as the program content was described in much more
detail than the future careers. Moreover, the ‘Alpha Direction’ career scale doesn't really fit with the
program content, so this could have influenced this divergence between program evaluation and career
type evaluation as well.

Finally, an anticipated scale containing the items related to not choosing Beta-Technical higher education,
did not emerge. Apparently these indicators are not that strongly correlated with regard to this program.
The indicators 6, 7 and 9 were therefore not used in the rest of the analysis. They also generally received
a lower importance rating from the respondents than the indicators that did make it into the scales,
suggesting that it is not a big loss that 6, 7 and 8 were left out of the rest of the analysis.

The important indicators, with relation to the Nanobiology program, are therefore finally:
1) Content/Interest;
2) Fits to capacities;
3) Job perspectives (type of jobs attractive?);
4) Job chances (broad opportunities?);
5) Job chances (Good chances of finding a job?);
6) Diversity;

4.7.2 Other analysis

Reliability of the study success factors

The final success indicators, as found in the theory chapter are: GPA mathematics and physics; GPA
biology (or chemistry for students who do not have biology); Self-efficacy mathematics; Self-efficacy
physics; Self-efficacy biology. Table 4.8in section4.6 indicates that there is a correlation between self-
efficacy and GPA. A positive self-efficacy for a course corresponds to a relatively good grade, above 7, for
this course. This confirms the idea from the theory chapter that self-efficacy and achievement are related
but also raises the reliability of both of these indicators. If there would be no apparent relation between
self-efficacy and GPA, I would put some question marks behind the reliability of either or both of these
indicators. The fact that there is no segment that combines low self-efficacy with a high grade or vice
versa is in favor of reliability of the segmentation with regard to the “study success” axis.

p-value chosen for significance

In comparing median scores between groups I used p<0,05 to evaluate statistical significance. Perhaps a
more conservative p<0,01 would be better because I sampled school classes (picked based on teacher
response) instead of random students and this implies that the true error is bigger than what is observed
in the data (Boe, 2011). In most cases however the value of p was <0,01 so I don't expect that it would
change the conclusions much.

Clustering method

In the K-means clustering I used the default procedure and I used variables with different scales (5 point

Likert scales and 1-10 point grade average scales). It would have been better to use standardized variable
scales so it would be good to check in a follow up analysis if the cluster centers change significantly if the

GPA's are rescaled to a 5-point scale. Also, I didn't check if the cluster centers changed if I enter the
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variables in a different sequence. When using the default K-means clustering procedure this might happen
and therefore the stability of the solution should be checked (SPSS, v19). Due to time constraints this
check has not yet been performed.

Data assumptions

Though non-parametric tests do not assume data to be normal, it does assume it to have homogeneity of
variance. I didn't test for this as there is no standard test for this for non-normal data in SPSS. From the
little research I did on it, it seemed to be a lot of work and therefore not possible reasons of time
constraint. It would be good to check the data for homogeneity of variance in follow up research.

4.8 Summarizing the results to answer the research questions

1) What factors besides ‘content’ influence higher education study choice of high school students
that are eligible to enroll in a Béta-Technical higher education? And what is the relative
Importance attached to each of these factors by the target group?

The outcome of the choice factor scales gives the choice indicators that are most important, with relation
to the Nanobiology program. These are finally:

Table 4.12: Final choice indicators from choice factor scales

1) Content/Interest

2) Fits to capacities

3) Job perspectives (type of jobs attractive?)

4) Job chances (broad opportunities?)

5) Job chances (Good chances of finding a
job?)

6) Diversity

) What are the core (content) aspects that define the Nanobiology program?

In Chapter 4.3 the themes that define the Nanobiology bachelor are given in Table 4.5 and Table 4.7 gives
the careers it prepares for as understood by the target population. Summarizing, these are:

Content aspect scales: Biomedical/Molecular Biology; Exact/STEM related; Unfamiliar/Nanobiology specific;
Fundamental Science;

Job type scales: Technical/Scientific career emphasis; Biomedical career emphasis; Alpha Direction.

Other aspect scales: International; Innovative/specialist;

) What factors influence student success likelihood in higher education programs, in particular, in
programs that resemble the Nanobiology program?

The final success indicators, as found in the theory chapter are: GPA mathematics and physics; GPA
biology (or chemistry for students who do not have biology); Self efficacy mathematics; Self efficacy
physics; Self efficacy biology. Table 4.8 in section 4.6 indicates that there is a correlation between self-
efficacy and GPA.
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V) Could emphasis on some of these (content) aspects of the Nanobiology bachelor serve as
controls in marketing, to attract students from some segments and repel students from others
segments using the exact same marketing material? If so, which aspects should be emphasized?

Figure 4.5 Table 4.5 "medians of the program aspect and job type scales for the 4 clusters” in section 4.6
provides the answer to research sub question IV. To attract the dream student, all the scales except:
“Alpha Direction” (Journalist/Advisor), should be emphasized. The only scale however that repels the risky
student is the “Exact” scale. Therefore, in order to attract the dream student and at the same time repel
the risky student, this scale should be emphasized. Note that this scale is scored neutral by the potential
cluster, so this will not help to attract potential students. It is questionable if you really want to attract
students from this cluster as they are not attracted to any of the content scales, except for the
Biomedical/Molecular Biology scale that gets a slightly positive score. As was mentioned in the theory
chapter, interest and success are not uncorrelated and students that have a general disinterest in the
program, probably will have a hard time succeeding despite their good grades for science subjects.
Moreover, the potential students are repelled by all the career scales and this will not be a motivating
factor for them in finishing their studies either. It seems therefore that there is less ‘potential’ in the
potential cluster than I first expected. When looking at the background characteristics that distinguishes
the potential cluster from the dream cluster, it is telling that the potential cluster has less students with
technical higher education intentions and less students with a positive feeling about the term
“Nanobiology” than the dream cluster. This is further indication that students from this cluster are
perhaps not a good match with this study and that efforts to encourage them to enroll nevertheless
would not be helpful for the program or the student.

V) Are there differences in the relative importance attached to the factors found in I) for different
segments of the target population? If so could these be used as additional controls in segmented
marketing?

Figure 4.6: “Medians of the importance attached to various aspects of higher education programs
according to the 4 clusters” from section 4.6 provides the answer to research sub question V). The
important choice indicators (see

Table 4.12) all get the same importance weights from all the clusters. The less important choice indicators
“societal orientation” and “theory” are scored somewhat different. “Societal orientation” is important to
the ‘risky cluster’ while the other clusters are neutral towards it, and “theory” is important to the dream
cluster, while the other clusters are neutral towards it.

With everything mentioned above the research sub questions can be answered as well as the research
question, which will be done in the next chapter.
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5 Conclusions

In this chapter the main conclusions derived from the Results chapter will be presented in the form of
answers to the research question from the first chapter.
Research questions:
I) What factors besides ‘content’ influence higher education study choice of high schools students
that are eligible to enroll in a Beta-Technical higher education? And what is the relative
importance attached to each of these factors by the target group?

The final choice indicators, as found in the theory chapter are: Content/Interest; Fits to capacities; Job
perspectives (type of jobs attractive?); Job chances (broad opportunities?); Job chances (Good chances of
finding a job?); Theoretical; Societal orientation; Diversity.

1) What are the core (content) aspects that define the Nanobiology program?

The themes that define the Nanobiology bachelor and the careers it prepares for as understood by the
target population are:

Content aspect scales: Biomedical/Molecular Biology; Exact/STEM related; Unfamiliar/Nanobiology specific;
Fundamental Science;

Job type scales: Technical/Scientific career emphasis; Biomedical career emphasis; Alpha Direction.

Other aspect scales: International; Innovative/specialist;

III) Using the answer to I), which (content) aspects of the Nanobiology bachelor could influence the
study choice of the target group?

Especially the content aspect scales and the job type scales. How much influence the Innovative/specialist
and International scale will have on student choice is not clear. These scales did not turn out to be very
interesting however with regard to segmented communication, as they were all rated positively by all the
segments.
V) What factors influence student success likelihood in higher education programs, in particular, in
programs that resemble the Nanobiology program?

The final success indicators, as found in the theory chapter are: GPA mathematics and physics; GPA

biology (or chemistry for students who do not have biology); Self efficacy mathematics; Self efficacy

physics; Self efficacy biology.

V) Could emphasis on some of these (content) aspects of the Nanobiology bachelor serve as
controls in marketing, to attract students from some segments and repel students from others
segments using the exact same marketing material?

Yes. Emphasizing the “Exact” theme would attract students from the “dream cluster” and repel students

from the “risky cluster”.

VI) Are there differences in the relative importance attached to the factors found in I) for different
segments of the target population? If so could these be used as additional controls in segmented
marketing?

No. The most important choice indicators are given the same weight of importance by all respondents. An
exception it the “societal orientation” choice indicators that is important to the ‘risky cluster’ while the
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other clusters are neutral towards it, and “theory”, which is important to the dream cluster, while the
other clusters are neutral towards it.

Finally, to answer the question that was posed at the beginning of this thesis can be answered.

Research question; /n order to contribute towards preventing dropout in the future Nanobiology student
population, by a) encouraging prospective students with a high probability to be successful in the program,
to consider enrolment, while b) discouraging prospective students who have a low probability to be
successtul in the program, from enrolment: which information elements about the Nanobiology program
should be emphasized in communication with high school students?

The results indicate that emphasizing the program content related to the “Exact” theme in information
about the Nanobiology program can contribute towards the goal of preventing dropout. By emphasizing
content aspects of the Nanobiology bachelor that belongs in the “Exact” theme, the dream students who
seem to have a high probability to be successful in the study will still be attracted, while the risky students
who seem to have a low probability to be successful in the study will be repelled. This will hopefully
benefit both the program and the student.
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6 Discussion

6.1 Generalizability of the results

In this research a method was developed for uncovering the true elements of a bachelor’s program
that should be emphasized when informing high school students about the program, in order to attract
the ‘right’ student. This is a type of honest communication that is at the same time strategic.
Considering what was mentioned in the introduction, that dropout from higher education is a global
problem and therefore a problem many or even most higher education program face, the
generalizability of the method is an important question. Could the method developed be used by any
higher education institution to uncover which information they should emphasize in their
communication in order to attract the ‘right’ kind of students? In this way enabling honest
communication that is at the same time strategic? I think the method is in principle totally
generalizable. However, as will be described below in section 6.5, depending on the communication
goal of a message, certain attributes of the population become important and segmentation of the
population can be done based on these attributes. If the communication message of a university is
very different or if the target population is very different, other attributes besides “likeliness to enroll in
a program” and “likeliness to be successful in the program” might be important. But even if they are
the same, these attributes have to be operationalized to indicators. This operationalization will vary
depending on characteristics of the program and characteristics of its target group. As discussed in the
theory chapter, high school GPA for science and mathematics courses is a proper indicator for success
in STEM related studies, in particular engineering. However, this is not a good indicator for success in
most other studies, as was also mentioned in the theory chapter. High school science grades are
presumably a very bad indicator for dropout from an arts college, but it is probably also a bad indicator
for dropout from language programs. Similarly, the indicators for ‘likeliness to enroll in a program’
might not be ‘content/interest’, ‘fits to capacities’ and ‘career perspectives’ for any kind of target group.
In certain cultures ‘what the respondents parents want’ or ‘what the respondents parents did’ might be
a much more reliable indicators for ‘likeliness to enroll in a program’. Therefore, I would say, on an
abstract level the method is generalizable. But the operationalization from communication goal to
communication message could deliver different attributes useful for segmentation of the population.
And operationalization from these attributes to useful indicators will deliver different indicators
dependent on the characteristics of the program (such as the scientific field it educates in) and
characteristics of the target population (such as culture).

6.2 Reflection on theory

Expectancy Value theories and the potential controversial nature of Nanobiology

In this research the emphasis was on gauging the high school student target populations interest in the
Nanobiology bachelor and mapping this out against a rough estimate of their success probability. This was
done in order to inform marketing and communication activities aimed at matchmaking between students
and this new program: in other words, encouraging the enrolment of students that would *fit’ the bachelor
program and therefore be both successful in the study and contribute to its establishment. To estimate
student success probability I used a rough measure of self-efficacy and GPA of their STEM courses, which
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can be related to the ‘expectancy’ part of Expectancy-value theory. Comparing all this to Expectancy-value
theory, I notice that the value side is more complex than what has been addressed by this research.
Theory suggest that value indicators are very important indicators of persistence. Especially with an
emerging and potentially controversial science such as Nanobiology, the value part could be crucial and
attention should be given to this. The role of controversy in defining values is not that important at the
level of high school students and is therefore less relevant at the time of recruiting students. Controversy
will start to play a bigger role however as students’ sense of value develop and change throughout
university. Considering the potentially controversial nature of some elements of Nanobiology, such as
engineering life (organisms), synthetic biology, and the Nanotechnology theme in general, students’ value
development throughout their studies could significantly influence their persistence both in the study itself
and in their later careers. Perhaps an extra course should be added to the curriculum to address this
potential issue.

Furthermore, it would be beneficial for the development of the field of Nanobiology to not only have
excited science and technology optimists (Koppeschaar et al., 2011) in the study, but also students critical
towards the field. Especially when considering matters of engagement of science and society, one should
be wary of a gap emerging between science and technology optimists who are at the same time the
experts in the fields, and the critical people who are outside of the professional field. This would hinder the
development of a balanced dialogue of this emerging field as well as critical assessment of it and
acceptance of it amongst society.

Klop (2008) researched attitudes of high school students towards (modern) biotechnology and found that
students who were better informed, adapted their beliefs towards more balanced ones, both the critics
and the optimists. It seems therefore that it would be beneficial for the general debate on Nanobiology, if
students from both the optimistic and the critical sides were educated in this new scientific field, forming a
diverse group of the future experts. This could prevent the formation of a gap between scientists and
industry one the one hand and “the rest of society” on the other hand.

The PhD research of Klop (2008) was furthermore very interesting as the research was concerned with
high school student’s attitudes towards (modern) Biotechnology. Nanobiology forms a part of modern
biotechnology and references from this thesis lead to very interesting articles concerned with the topic of
(high school students) attitudes towards modern Biotechnology. Most of the concepts discussed in these
articles, such as xenotransplantation, were far from a direct relation to Nanobiology. Some however came
closer to concepts that are Nanobiology related: genetically modified plants and animals are off course
related to the topic of genetically modification in general and this is important in Nanobiology. Therefore
this type of research could provide a starting base for a future research more focused on the controversial
side of Nanobiology.

6.3 Reflection on “Higher Education Marketing”

There is a common misunderstanding regarding marketing, which is that it is mere advertising and often
giving out promises that cannot be met in reality. According to the American Marketing Association,
however, “Marketing is an organizational function in a set of processes for creating, communicating, and
delivering value to customers and for managing customer relationships in a way that benefits the
organization and its stakeholders.” Hayes (2009) state that marketing is simply a tool, that can be used or
abused like any other tool. “In essence, marketing is an exchange in which value is offered for value.” The
consequence of this is: “to initiate the exchange, we must first identify the party with whom we wish to
make the exchange. If our focus is on attracting potential students, we have to understand through our
marketing research what it is that those potential students are seeking. This almost certainly varies,
depending on the type of student we are trying to attract.” University marketing should be used to create
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value for all parties involved and part of marketing should be to identify the target group and research
what it is that they need, and how this can be met in a way that also benefits the university. As in the end,
for the whole education business to be successful, both the university and the student should benefit from
their interactions.

Obviously, one of the most important goals of the marketing, communication and information efforts of a
university or university program should be to give insight into that which is offered to potential applicants,
in order to help applicant’s facing this crucial choice. A critical review on traditional marketing activities of
universities in Australia noted that it is important not to remain stuck in the type of marketing promotion
that “promises everything to everyone” as this is neither true, nor helpful (Ref). Rather, meaningful
differentiation is needed, communicating what is truly distinctive about a program or university. Baldwin
and James (2000) also highlight the importance of this.

On the one hand it is therefore important to uncover the core (content) aspects of a program for
marketing the program itself, but at the institutional level it is also important to explain how program X
given at university A is different from program X given at university B. Are there differences in teaching
approach, in the emphasis on theoretical vs. practice, on the vision the university has on the future or on
the job market? All of this was hardly addressed in this research. Some items regarding teaching approach
were included in the questionnaire, but they didn’t make it into factor scales. Probably because there
weren't enough items, but perhaps also because it's more difficult to communicate differences in teaching
approach to high school students. This is therefore a matter for further research.

Comparison between 'Science Education and Communication” and "Higher Education Marketing”

There are some interesting commonalities between the field of Higher Education Marketing and that of
Science Education and Communication. As scientific fields they are both relatively new and still developing,
while in practice they exist much longer and already rather established. Also, they are both highly
interdisciplinary fields. An ongoing debate in the field of Science Communication is whether a science (and
technology) communicator should him/herself be a trained scientist (or even engineer). Proponents argue
that it is very hard to communicate well about science (and technology) if you do not thoroughly
understand the nature of science as well as the specific scientific field you are communicating about. This
is hardly possibly if you are not yourself trained in the field, they argue. Opponents say that for a trained
scientist it is extremely difficult to make the step back to the lay audience; to have a feeling for what they
will not understand and be enables to give a good translation of the scientific knowledge in terms and
concepts and contexts they understand. The question here is: what or who is a good science
communicator? And connected to this: what are the necessary competencies connected to the (various)
professions in science communication? If the necessary competencies are known, the question could
become: how can these competencies best be obtained and what type of educational background is
required? This could then help answer the question of whether it is a necessity or a handicap to have a
scientific background as a science communicator. If the competencies necessary cannot be incorporated in
one person, the question becomes: what makes up a good team of science communicators? Which
competencies?! should be in the team? Which educational backgrounds should be in the team?

From the little bit I have read, there seems to be a similar debate going on in the field of higher education
marketing. What does a good higher education marketing professional look like? The people working at
the marketing department of a university are often either trained communicators with an interest for
higher education communication, or trained academicians with an interest for marketing and
communication. Hayes (2009) complain that there are seldom people with true marketing backgrounds

2L Competencies can be defined in various ways. I like the definition used by Spencer and Spencer (1993) that defines
competencies to exist in four dimensions: that of knowledge, skills, personality traits and motivations.
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working in these departments, with the consequence that marketing principles are not always well
integrated throughout the university and that there is a lack of strategic marketing (Hayes, 2009). On the
other hand, Hayes also complains that traditional marketing education is primarily aimed at product
marketing, not at service marketing, while service marketing is a completely different ballgame. So even if
someone has taken a course in marketing, chances are that they still know nothing about service
marketing and hardly have a notion of the huge differences that exist between product marketing and
service marketing. Even people formally trained in marketing usually learned little to nothing about service
marketing or even about or the differences between product and service marketing. So the question
comes up: who should be in the marketing department of a university, or what would be a good
composition of such a team? Considering the vast differences between the fields that come together in this
interdisciplinary field, this is not an easy question. There is a huge difference between an engineering
science studies on the one hand, and marketing and communication studies on the other hand. Which
competencies are necessary to properly function at the intersection of these fields? And should they all be
incorporated in one person, or spread out over the members of a team? As this is an ongoing debate in
both fields, perhaps both debates would benefit from a comparison between these debates.

6.4 Reflection on ethics

Is it ‘ethical’ to try and repel ‘risky’ students from the Nanobiology bachelor’s program? The word ‘repel’
that is used indeed sounds rather unfriendly and perhaps even unethical, but in reality it means that the
aspects that are core to the program but not attractive to students that already have a low chance of
succeeding, are emphasized. This is done in order to help the student make a solid choice, better aware
of what he/she is getting him or herself into. The ‘risky’ student that nevertheless still wants to enroll is
probably also the segment within the risky cluster that has a better chance of succeeding. Grades are no
guarantee for success or dropout, value-related constructs and motivation can also play strong roles as
was mentioned in the theory. The ‘risky’ student that is motivated enough to enroll in the program
despite the emphasis on the “Exact” theme probably has thought about it better and has reasons for
enrolling that will help him/her to actually make it through. This type of student should off course be
welcomed just as much as the dream student. Moreover, a ‘risky’ student that has thought through
his/her choice and who has a high motivation for enrolment in the program could be a more valuable
student than the dream student who is more naturally attracted to the program, gave it less serious and
is less motivated.

6.5 Relation to the field of Science Communication

The ‘building blocks’ of the Science communication field.

Recruiting *fitting” students for the bachelor program Nanobiology has some possible generalizations to
recruiting students to study Science Communication, in this way influencing the future professional make-
up of the field. Interesting questions here are: “what are the interesting constructs to use in segmenting
the population of potential enrollers with regard to Science Communication?” And also, “"what are the
dimensions of the master’s program Science Education and Communication at the Delft University of
Technology?”An even more interesting question for the whole field however is: “what are the dimensions
of the field of Science Communication? How can the essence of this field be described?" Would it be
helpful to describe it in terms of core conceptual content, other distinctive aspects such as the inherent
interdisciplinarity of the field, and associated career types? In recent conference proceedings Van der Meij,
Hong and Wehrmann (2012) reflect on the value of also adding competencies to this list of possible types
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of building blocks. The question is essentially, how can one get a hold of the essence of a field that is
strongly interdisciplinary and very new, in order to understand and explain it. It turns out that this is very
hard and so far there is no consensus in the field of Science Communication regarding an essential
definition (Van der Auweraert, 2007). To get a hold of the essential (types of) building blocks for the
Nanobiology bachelor in this research, the goal and the target group was first determined. Based on this,
the relevant (types of) building blocks were established. The most relevant type of building blocks in this
specific case turned out to be the core content elements defining the program and the career perspectives.
Perhaps, instead of setting out on a quest to determine “the ultimate building blocks for capturing the
essence of the field of Science Communication in its totality”, different (types of) building blocks should be
used in different cases, each time determined by the communication goal and the target group. I will
illustrate this idea using two cases. The communication goal in the first case could for example be to raise
awareness of the existence of a Science Communication masters’ program and the target group could be
Engineering bachelor students in the Netherlands. The communication goal in the second case could be to
encourage (certain segments of) the public to engage in Science and Technology throughout the whole
‘Science and Technology chain’ consisting of government, industry, knowledge institutes, ‘the publi