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Abstract
It is a well-studied phenomenon, that throughout the course of studying at university, the motivation for the study program 
decreases. Correlation between motivation and learners’ behaviour, for example the learning process, achievement or, in the 
worst case, dropout exist. So there is a need for understanding the development of motivation in detail, like that of subject-
interests, and for identifying influence factors, especially for higher education. This panel study examined the development 
of 4,345 students in higher education. Growth mixture models for subject-interests identify two classes of trajectories: 
“descending interest” and “continuously high interest”. In a next step, the analysis shows that gender, university entrance 
score, academic field and occupational aspiration influence membership of the classes. The results are discussed with respect 
to their consequences for education programs, but also with respect to possible new research questions.

Highlights
• Two trajectory classes of subject-interest development in higher education are identified.
• Gender and academic major influence membership in the two different classes.
• The cognitive factors university entrance score and GPA affect the development of subject-interests.
• Occupational aspiration is an important factor for class affiliation.
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Introduction

A timeless challenge for education research is how to 
improve the academic performance of individuals (Hidi & 
Harackiewicz, 2000). Motivation is a key to understanding 
(Richardson et al., 2012) as it often decreases over time 
in education programs (Gaspard et al., 2020) and that this 
decrease in the worst case can lead to student drop out (Sch-
nettler et al., 2020). To look at it in more detail, interest 
is seen as a crucial dimension within motivation theories 
that influences learning. Scientists have shown its impact 
on attention, goals and levels of learning (Hidi & Ren-
ninger, 2006; Renninger & Hidi, 2019). Further research 

results show that content-specific interests can be seen as an 
important factor in college students’ academic choices and 
performance (Harackiewicz et al., 2002).

The importance of interest is supported by other academic 
disciplines. For example, neuroscientists have detected interest 
as a motivator that influences learning and achievement and 
thus suggest that educators should focus on how they can best 
support their students’ interest development (Hidi, 2006). A 
reason is, that well developed individual interests can help indi-
viduals overcome a lack of ability and/or perceptual disabilities 
in math or reading (Renninger et al., 2002). Furthermore, teach-
ers who recognize the potential benefits of increased academi-
cally relevant interests may be best positioned to enhance their 
students’ learning. Research data from educational psychology 
further supports this claim (Hidi, 2006).

Research on interest still results predominantly from cross-
sectional studies (Dotterer et al., 2009). Yet, for an ontoge-
netic analysis of the development of interests it is important to 
consider intraindividual developmental processes (cf. Krapp, 
2002). Occasionally, this is possible for researchers analysing 
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longitudinal data. Another problem is that most studies on 
interest are situated in the field of primary and secondary 
education research. The preponderance of researchers reverts 
to the approaches and results of these studies. Longitudinal 
studies on higher education are the exception and can only be 
found very sporadically in this research field (Harackiewicz 
et al., 2002; Liebendörfer & Schukajlow, 2017).

This study extends previous research by examining the devel-
opment of interest over time in a panel design. The major goal of 
this study is to analyze data based on the findings in primary and 
secondary school research and examine whether these effects 
also exist in higher education. Furthermore, I integrate new 
aspects in this study such as occupational aspiration, to provide 
a broader picture of the role of developing interest. Last but not 
least I try to find out whether there are not only two groups of 
either interested and uninterested people but also other interme-
diate forms with unspecific developmental trajectories.

Interest

Theoretical Assumptions and Delimitation

The importance of interest for education has been recog-
nized since the late nineteenth century (Hidi, 2006). Today, 
one way to depict interest describes it as a special interac-
tion with the environment, either a Person‐Object‐Interac-
tion (leading to the development of “individual interest”) 
or a Person‐Stimulus‐Interaction (leading to “situational 
interest”) (Krapp, 2007). This approach is called Person‐
Object‐Theory (POI) and is visualized in Fig. 1. Its assump-
tions are on the one hand that individual interest is a per-
son’s characteristic and conceptualized as a stable personal 
disposition, and on the other hand that situational interest 
is based on interesting stimuli described as a momentary 
specific motivational/psychological state or object within a 

person. Both types of interest can be seen as a development 
and influence from each other (Pany et al., 2019). A deeper 
understanding of POI following Krapp (1992) and Schiefer 
et al. (2018) suggest that interest (e.g. subject-interest) has 
three components: First, there is the object of interest, which 
defines the concrete content of the interest (e.g. the content 
of the subject Economy). Second, there are actions of inter-
est that are carried out to engage with the object of interest 
(e.g. reading a book or writing a text). And finally, there 
are concrete objects that are used to deal with the object of 
interest (e.g. a video or a poem).

According to Krapp (2002), this concept of interest also 
contains a combination of emotional and value-oriented 
components: the person assigns a personal value to the 
object of interest and feels positive emotions triggered by 
the sum of the object-related actions when dealing with the 
object. Especially with regard to the value component, it is 
also assumed that people with a stably developed interest 
identify with the object of interest and that it becomes part 
of their self-definition. While situational interest is only pre-
sent in a specifically interesting situation, individual interest 
is anchored in the person's interest self-system.

To understand interest more precisely, researchers need 
to look at other motivational variables. The development 
of new interest starts with the triggering of attention to a 
specific content. An external impulse can help to raise the 
chance that an individual continues to deal with this con-
tent (Renninger & Hidi, 2019). Curiosity can also trigger a 
person’s attention, but while feeling curious, a person might 
encounter, and recognize, a knowledge gap (Loewenstein, 
1994). Loewenstein’s theoretical framework of information 
gap holds that curiosity functions like other drive states, like 
hunger, which motivates eating. Building on this assump-
tion, Loewenstein suggests that a small amount of infor-
mation serves as a priming dose that increases curiosity. 
Consumption of information is rewarding, but, eventually, 

Fig. 1   Main constituent parts of 
Person-Object-Theory of Inter-
est (POI)
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when enough information is getting, satiation occurs, and 
information serves to reduce more curiosity. There is an 
ongoing debate on the exact relation of interest and curi-
osity. According to Grossnickle (2016) a difference is that 
interest develops over time compared to curiosity. Adding to 
that, Renninger and Hidi (2016) work out that information-
seeking processes as well as the basis and outcomes of the 
search differ. Curiosity is seen as a desire to seek and learn 
new information by exploring novel and uncertain environ-
ments. Individual interest focuses the motivation to seek and 
learn new information because it is linked to some form of 
existing knowledge, which then continues to develop. Fur-
ther research shows a reciprocal relation between interest 
and goal setting (Harackiewicz et al., 2008), self-efficacy 
(Hidi & Ainley, 2008), and self-regulation (Sansone & Tho-
man, 2005). Renninger and Hidi (2019) conclude that these 
variables are distinct, and that in earlier phases of interest 
they may appear to be unrelated while in later phases of 
interest they are coordinated and mutually supportive.

This study conceptualises subject-interest as individual 
interest. According to Hoffmann (2002), subject-interest can 
be conceptualized in two different ways: on the one hand 
as interest in the topics of the respective subject and on 
the other hand as interest in the entire teaching of the sub-
ject—how it is taught and what is learned. Subject-interest 
in this research is conceptualized in the first manner. I define 
subject interest in this study as the match between personal 
interests and learning opportunities in one's own field of 
study (cf. Fellenberg & Hannover, 2006).

Theoretical Framework for the Development 
of Interest

Findings in research about education programs often report 
the decrease in interest. For example, pupils enter elementary 

and secondary school with a high level of interest in indi-
vidual school subjects. This interest declines throughout the 
course of their schooling (Dotterer et al., 2009; Frenzel et al., 
2010, 2012). A variety of different assumptions are made to 
explain this phenomenon and react.

One possible explanation for these findings is that extra-
curricular areas of interest increase and compete with school 
interests (e.g. Hartinger & Fölling-Albers, 2002). Another 
suggestion, the stage-environment-fit approach (Eccles et al., 
1993), emphasizes a mismatch between the needs and inter-
ests of young people and the supply structures of the school 
context. Finally, Daniels (2008) proposes that pupils undergo 
a process of differentiation and hence solely focus on a few 
areas of interest in their schooling time so that only selected 
subject areas of interest stay high.

Interest theories use different approaches to explain these 
findings. The framework of person object theory of inter-
est distinguishes two interrelated subsystems: 1. emotional 
experiences and 2. conscious-cognitive factors (Krapp, 
2005). These systems explain the start of an activity in a 
certain domain triggered by situational interest, and the 
continuous engagement in a specific object area because of 
stable individual interest. Emotional experiences based on 
a biological component. Here, emotions give a feedback on 
the organism's state of functioning in a situation. Conscious-
cognitive factors refer to the process of rational–analytic 
intention. This is important when a person’s own controlled 
actions are responsible, in a consciously effortful way, in 
overcoming obstacles during a goal-oriented activity or an 
uninteresting, but significant task. When both subsystems 
are positive, interest develop.

According to the “Four‐phase model of interest develop-
ment” (Hidi & Renninger, 2006; Renninger & Hidi, 2019), 
individual interest develops in four stages (Fig. 2). First, 
there is a triggered or “catch”‐component of situational 

Fig. 2   Levels of Interests in the 
Four‐Phase Model of Interest 
Development
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interest: a person comes into contact with a stimulus that 
raises their attention. The second phase consists of main-
taining situational interest or a “hold”‐component of situ-
ational interest: out of attention an experience develops that 
combines a growing sense of value with an epistemic ori-
entation toward the content—the person is willing to know 
more about the object of interest. The third phase is seen 
as emerging individual interest. Here, the person develops 
positive feelings, has stored knowledge, and attaches a per-
sonal value to the interesting object. In addition to this, the 
person generates their own “curiosity” questions concerning 
the content of an emerging individual interest. The fourth 
and final phase is characterized as well‐developed individual 
interest. Here, a person engages with the object of interest 
against the background of their own set of values, increases 
the stored knowledge and starts to search and create answers 
to their own curiosity questions.

In summary, the development of interest starts with the 
triggering of attention and is followed by searching for infor-
mation. In earlier phases, interest development can be facili-
tated by the structure of the environment or by interacting 
with other people. In contrast, in later phases, interest is built 
on content knowledge. However, in any phase of interest 
development, the level of interest can be expected to pla-
teau or fall. This happens if individuals have no opportunity 
to engage with content that allows them to further develop 
their understanding. Moreover, problems for the develop-
ment of interests arise when individuals maintain compet-
ing interest or if they do not receive the support they need 
to make meaningful connections to content (Renninger & 
Hidi, 2019).

Current State of Research on Interest in Education

Research on interest exists almost solely for primary and 
secondary education (Renninger & Hidi, 2019; Schiefele, 
2009). For higher education, on the other hand, publications 
are rare. Fortunately, longitudinal studies have been used 
more often in the scientific discourse as numerous panel 
studies have been initiated in recent years (Blossfeld et al., 
2019). The issue of diminishing interest over time, which has 
already been discussed in detail in the previous sub-chapter, 
is seen as important in science. Research on higher educa-
tion confirm this (Xu et al., 2021). Here, other topics, such as 
performance or academic choices, are also often considered 
when dealing with interest (Schiefele, 2009).

Krapp (2002) and Schiefele (2009) report that subject-
interest development is affected by subject areas, context 
conditions, school type and gender. This research is very 
focused and hard to generalize. Todt et al. (1974) show a 
decreasing interest for girls throughout secondary school for 
zoological and botanical topics in biology, but an increased 
interest in topics related to human beings and ecology 

biology. Other research in subject areas shows a low inter-
est in physics teaching within a scientific context (with an 
emphasis on the validity of general physical laws) and a 
strong interest when the teacher is able to relate physical 
principles and facts to practical problems and the students’ 
everyday life (Hoffmann & Lehrke, 1986; Hoffmann et al., 
1985). According to Høgheim and Reber (2019) girls report 
lower levels of individual interest in mathematics than boys 
do. A slight trend reported by Krapp (2002) implies that 
girls’ interests decrease faster than boys’.

The situation is different for the link between interest and 
performance. Schiefele et al. (1993) report a correlation of 
r = 0.30 in a meta-analysis. However, simple correlations 
are used for this analysis. Schiefele (2009) argue that in the 
current empirical state of research on interest the causal 
direction between interest and achievement remains an unre-
solved issue. Longitudinal research by Maurice et al. (2014) 
shows effects of achievement on interest for the 3rd Grade. 
Reciprocal instead of unidirectional effects between inter-
est and achievement are reported by Scherrer et al. (2020). 
Schiefele (2009) concludes for lower secondary school level 
that interest is either a nonsignificant or weak antecedent 
of achievement, while for higher education, Rotgans and 
Schmidt (2011) show effects of interest on achievement.

Academic choices are also related to interest. Whereas in 
lower secondary schools, students’ motivation is mostly reg-
ulated by extrinsic incentives and values, in upper secondary 
school, interest gains more influence on the regulation of 
learning activities and highly interested students more often 
choose an advanced course. These findings are in line with 
research on academic choices by Bong (2001), Durik et al. 
(2006) and Eccles (1983), who presented evidence that the 
effects of motivational characteristics on academic choices 
are more substantial than those of achievement or learn-
ing. Moreover, the theoretical framework of the Wisconsin 
model (Hauser et al., 1983; Sewell et al., 1969) from social 
psychology assumes the importance of social origin, occupa-
tional aspirations and academic performance for educational 
attainment and outcome. Furthermore, empirical research 
underlines the existence of such effects (Kim et al., 2019; 
Sabates et al., 2011; Yates et al., 2011).

Researchers in higher education have often called for ana-
lyzing students over an extended period of time (Xu et al., 
2021). But research in this field has mostly focused on evalu-
ating learning gains and much less frequently on estimating 
growth rates of individual constructs (Coertjens et al., 2017; 
Kyndt et al., 2015) and developmental relationships between 
constructs (Kyndt et al., 2019). This situation highlights a 
significant challenge for research on students’ motivational 
development, especially for the construct interest, in higher 
education. In Europe exist no consistent findings according 
to this specific research field. Liebendörfer and Schukajlow 
(2017) published results, with a small sample size (N = 92) 
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from lower secondary school teachers, showing that stu-
dents’ interest in mathematics remained stable during the 
first academic year in Germany. Xu et al. (2021) show for 
students in Educational Sciences, Speech Pathology and 
Audiology in Belgium a decreasing of statistic interest over 
time by using a latent growth curve analysis for analysing 
data over two years. Furthermore, this study reports, that the 
rate of decrease in interest was positively associated with 
rates of growth in cognitive competence and utility value. 
However, the different development of subgroups within 
the sample was not analyzed. Further longitudinal stud-
ies on interest in the higher education sector indicate that 
mastery goals, e.g. the desire to develop new skills (Ames 
& Archer, 1988), are unrelated to academic performance 
but that they predict interest in the course. Students who 
adopted work avoidance goals report less subject-interests 
in psychology (Harackiewicz et al., 2002). Analyses for dif-
ferent developing groups of trajectories in subject-interests 
are not consistent. Research based on higher education is 
not well develop and as a consequence I use studies focused 
on elementary and secondary school. Research of Musu-
Gillette et al. (2015) analyzes trajectories of interest in math 
from 4th grade to the 2nd year of college. Results show three 
latent classes with a curvilinear trajectory. The first class is 
called “High Interest Trajectory” (40 percent of the sample) 
starts with the highest reported levels of interest in math. 
That interest declines over time, especially between 6th 
grade and 10th grade, but shows an increase from late high 
school on into college. The trajectory could be interpreted as 
a u-shaped change. The second latent class is called “Slow 
Decline Interest Trajectory” (22 percent of the sample) and 
students in this class begin with moderate levels of interest 
in math in elementary school. Persons in this class show a 
decline in their reported interest over time with a curvilinear 
trend and stagnation in high school and into college. For 
the third latent class, “High Self-Concept Trajectory” (38 
percent of the sample), initially high levels of interest in 
math, which decline rather steeply over time, are reported. 
In contrast, Schiefer et al. (2018) identify five different 
latent classes for subject-interests in German (native lan-
guage), mathematics and English at grade 4 to grade 11. 
Taken together, this underlines the importance of studying 
students’ interest development.

The Present Study

Drawing on the Wisconsin model, the POI and a four‐phase 
model of interest development, this study examines the tra-
jectories in subject-interests in higher education. It aims at 
establishing different latent classes and linking these classes 
of subject interests to academic performance, demographic 
conditions, learning conditions and career choices. This 
study uses the well-known growth mixture modeling (GMM) 

to investigate qualitatively distinct trajectory classes (Guo 
et al., 2018; Musu-Gillette et al., 2015; Wang et al., 2017). 
GMM analyzes not only an average trend in the data, but 
also interindividual differences between student groups as 
well as intraindividual differences. Therefore, GMM is con-
sidered an appropriate approach for this study, as it allows to 
account for potential heterogeneity in developmental trajec-
tories between groups of students as well as intraindividual 
differentiation across domains.

Two research questions are investigated. The first ques-
tion is: “Can qualitatively different latent trajectory classes 
of subject-interest be identified?”. Because of the scarcity 
of previous research on this topic no specific predictions 
about the number and shape of such trajectories are made. 
However, I expect to find classes in which subject-interest 
remains high or decreases by controlling for the cognitive 
factors (Protsch & Solga, 2015), measured by Grade Point 
Average, and the context factor Quality of instruction (cf. 
Gaspard et al., 2020). I expect different trajectories against 
the background of the four‐phase model and the POI, 
because in earlier phases of a study program interest devel-
ops through the formal structure of the environment and 
through interacting with other people. In the last years of a 
study program interest is built on relatively open structures, 
opportunities and support, which students use in different 
ways.

The second question is: “Are individual (gender, occu-
pational aspiration), cognitive (university entrance score), 
family background (social origin) or academic field factors 
related to affiliating with a specific latent class?” Based on 
previous research on links between these variables and the 
development of students’ subject-interest, I expect that high 
university entrance score and occupational aspiration predict 
higher levels of subject-interest as predicted in the Wiscon-
sin model. For academic field, social origin and gender, no 
directional hypothesis is assumed, since, so far, no consistent 
research results on their links to subject-interest develop-
ment have been attained.

This study closes a research gap by analyzing the devel-
opment of subject interest in the whole bachelor program of 
students in higher education. Similar research that focuses 
this topic over such long periods of time with a similar num-
ber of measurement points as well as a similarly large sam-
ple size and for these academic majors is not known.

Methods

Participants and Procedure

The present research uses data from the panel study “Study 
Process – Crossroads, Determinants of Success and Barriers 
during a Study at the DHBW” from 2016 to 2019 (Deuer 
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et al., 2020). The study is specifically designed to explore 
determinants of academic success in cooperative educa-
tion at Baden-Wuerttemberg Cooperative State University 
(DHBW). These bachelor’s degree programs are made up of 
210 ECTS (European Credit Transfer System) credits in six 
semesters (three years) and every three months, a coopera-
tive student rotates between academic training at the univer-
sity and workplace training at the company (Wild & Alvarez, 
2020). Participation have been voluntary and privacy policy 
is protected. Every fiftieth student who answered more than 
one question received a 10 € coupon as an incentive for 
participation.

The numbers of students have been continuously rising 
since 2007 and as a consequence this study is done during 
the years 2016 and 2019 (Destatis, 2020, p. 31), including 
for cooperative education (AusbildungPlus, 2020, p. 11), 
and student dropout has become increasingly relevant as a 
topic in higher education research and policy (Neugebauer 
et al., 2019; Wild & Schulze Heuling, 2020). Four cohorts 
are included in this four-year study, since there is only a 
chance to get enrolled one time per year. Data collection is 
conducted once a year for economic reasons, resulting in 
four waves of data collection. Differences in the data sets 
are analyzed by measurement invariance and the results are 
presented in the following chapter “Measures”.

For the present analyses, data from all students who 
reported their subject-interest more than one time in the 
four waves is used. Every year, all 34,000 enrolled students 
at DHBW are invited to participate in the survey by two 
emails, separated by a two-week interval, which included a 
link to a questionnaire. Panel wave 1 is conducted in summer 
2016 (response rate 19.7 percent), panel wave 2 in spring 

2017 (response rate 18 percent), panel wave 3 in spring 2018 
(response rate 24.3 percent) and panel wave 4 in spring 2019 
(response rate 22 percent). A total of 4,345 students (58 per-
cent female) from four cohorts (n = 565 for Cohort starting 
the study program in October 2014; n = 1,432 for Cohort 
starting the study program in October 2015; n = 1,526 for 
Cohort starting the study program in October 2016; n = 822 
for Cohort starting the study program in October 2017) 
participated and contribute to the estimation of the GMM. 
Table 1 gives an overview of the collected data for each 
wave and cohort. In cohort 2015 and cohort 2016, more 
than 1,000 participants per wave take part in the study. In 
cohort 2014 only 565 students and in cohort 2017 822 par-
ticipated. Range of the means in age is in cohort 2016 with 
Mwave2 = 21.71 (wave 2) and Mwave4 = 23.94 widest. Standard 
deviation ranges from SD = 2.71 (cohort 2015 in wave 2) to 
SD = 3.18 (cohort 2016 in wave 4). Attrition is a huge prob-
lem. Calculations show that only 512 students participated 
in all waves from wave 1 to wave 3 during their regular 
enrolment time of three years.

Measures

Subject‑Interest

The subject-interest is measured with a modified instru-
ment by Fellenberg and Hannover (2006) in every wave. 
Reliability on items of a 5-point Likert scale with values 
ranging from 1 (strongly disagree) to 5 (strongly agree) is 
excellent for all four waves (ω = 0.89–0.91). The modifi-
cation of the instrument of originally 13 items is neces-
sary for reasons of, because of test efficiency and research 

Table 1   Sample description by 
cohort, and age at each panel 
wave

 The average age was computed as of January 1 of each year shown (e.g., January 1, 1988)

Time and Variable Cohort 2014 Cohort 2015 Cohort 2016 Cohort 2017

Panel Wave 1 (July 2016)
  n 565 1,049
  M 23.12 22.04
  SD 3.26 3.02

Panel Wave 2 (March 2017)
  n 565 1,090 1,074
  M 23.79 22.67 21.71
  SD 3.26 2.71 2.93

Panel Wave 3 (March 2018)
  n 1,144 1,312 822
  M 23.71 22.78 21.78
  SD 2.99 2.91 3.16

Panel Wave 4 (March 2019)
  n 1,138 822
  M 23.94 22.78
  SD 3.18 3.16
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group discussion of better face validity. Table 2 shows the 
original instrument and the items used in this study. As a 
next step, I investigate the cut-off criteria by Chen (2007) 
by χ2-Test and Δ CFI ≤  − 0.005 in combination with Δ 
RMSEA ≥ 0.010 for the level of measurement invari-
ance (Table 3). Using χ2-Test is problematic, because χ2 
increases in power to reject the null hypothesis as the sam-
ple size increases. Having a larger total sample, this may 
lead to over-rejection of measurement invariance tests if 
the change in χ2 is the only criterion used to evaluate fit 
(Putnick & Bornstein, 2016). The χ2-Test in every model 
comparison is significant by p < 0.001. According to the 
benchmarks of Δ CFI ≤  − 0.005 and Δ RMSEA ≥ 0.010 
for the level of measurement invariance, scalar invariance 
for the factors academic year and panel wave is indicated.

Time

The information regarding the time of measurement is 
obtained from the survey software. To be able to model the 

time period in the study program to the exact day in the 
statistical model, the survey date was compared with the 
participants’ date of starting the study program.

Occupational Aspiration

To measure occupational aspiration of the students, this 
study employs a proxy variable. The item text is “The sub-
ject I am studying has been my "desired subject" from the 
very beginning.”. A 5-point Likert scale with values ranging 
from 1 (strongly disagree) to 5 (strongly agree) is used and 
the data was collected one time for each cohort.

Gender

The university’s administration provides the data for gen-
der with male and female. I do not receive any data for 
gender diverse persons. The study matches this data to the 
collected data from the survey.

Table 2   Formulations of the 
Items in original Instrument 
(Fellenberg & Hannover, 2006) 
and used in this research for the 
scale subject interest

Presented are translations of the original German items that are not yet validated in the English language; 
* = used in this research; (-) = inverse item

Item formulation

My field of study matches with my interests. *
I cannot imagine a more interesting subject than my field of study. *
My subject is exactly the right one for me. *
For me, dealing with the content of my subject is more of a frustration than a pleasure. *(-)
I enjoy dealing with topics in my subject
I often think about certain topics in my field of study
I enjoy exchanging ideas with others about topics in my subject. *
I have doubts about whether my subject really matches my interests. *(-)
I enjoy dealing with certain questions and problems in my field of study.*
The subject I study does not necessarily reflect my main interests. (-)
My subject of study is also my hobby. *
The interest in my subject of study is not excessively strong in me. *(-)
Actually, I am more interested in other subject contents than in those of my subject. (-)

Table 3   Measurement invariance for the scale subject interest on four panel wave and academic year (n = 8,547)

Satorra-Bentler-scaled χ2-difference test. Academic year: one (n = 3,408), two (n = 2,797), and three (n = 2,342). Panel wave: one (n = 916), two 
(n = 1,293), three (n = 3,715), and four (n = 2,623)

χ2 df χ2/df Δ χ2 Δ df p CFI RMSEA Δ CFI Δ RMSEA

Academic year
  Configural Invariance 1102.3 69 15.98  < .001 .969 .078
  Metric invariance 1154.1 85 13.58 51.817 16  < .001 .968 .072 -.001 .007
  Scalar invariance 1274.2 101 12.62 120.124 16  < .001 .965 .069 -.003 .003

Panel wave
  Configural Invariance 1100.1 92 11.95 .970 .077
  Metric invariance 1152.1 116 9.93 51.949 24  < .001 .970 .070 -.001 .008
  Scalar invariance 1308.0 140 9.34 155.905 24  < .001 .966 .068 -.004 .002
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Academic Major

The test persons are enrolled in the three academic majors 
of Economy, Engineering and Social Work. These data are 
obtained from the university administration and matched 
to the survey data. Economy and Engineering is chosen, 
because those are the academic majors in Germany with 
the highest number of students enrolled in 2020 (Destatis, 
2020, p. 31). Social Work is integrated in this research, 
because a shortage of skilled workers is expected in this 
field (Vogler-Ludwig et al., 2016). These academic majors 
vary in their didactics and teaching–learning methodolo-
gies. For example, Economy uses management simula-
tions. Engineering uses technical laboratories, for example 
in the context of materials science. Social Work strongly 
reflects its works in the context of case management. Dif-
ferences in the academic majors, like Economy and Engi-
neering, exists for example in the basic needs from Self-
Determination Theory (Wild & Neef, 2019).

Social Origin

Social origin is measured via parental education. This 
study distinguishes three origin groups: “low” if mother 
and father complete a lower or no school leaving certifi-
cate, “medium” if at least one parent gained a higher edu-
cation entrance qualification and “high” if at least one par-
ent has a degree in higher education. This data is collected 
one time during the panel survey.

University Entrance Score and GPA

German university entrance scores in the survey vary 
between 1 (equivalent to A in Great Britain and United 
States of America) and 4 (equivalent to E (GB) or D (US)) 
and GPA varies between 1 (equivalent to A in Great Brit-
ain and United States of America) and 5 (equivalent to E 
(GB) or D (US)). The date is recoded for better interpreta-
tion so that 5 is the best score and 2 (university entrance 
scores) or 1 (GPA) are the lowest score. Data for the GPA 
and the university entrance scores is provided by the uni-
versity administration for GPA.

Quality of Instruction

An adjusted scale by Thiel et al. (2008) measures Quality 
of instruction with eight items that vary between 1 (strongly 
disagree) and 5 (strongly agree). The reliability in all four 
waves shows good values (ω = 0.81–0.82; item example: In 
general, the courses are well structured.). The data is col-
lected in every wave. Ta
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Data Analysis Strategy

To achieve the main objective of the present study, I use 
GMM for analysing research question 1 (Fitzmaurice et al., 
2009). A hierarchical logistic regression is estimated to 
test the assumptions of research question 2 (Tabachnick & 
Fidell, 2013). Each step is described in more detail in the 
following section. According to Richard et al., (2003; p. 339) 
I interpret the effect size of r = 0.10 – 0.19 as small, r = 0.20 
– 0.29 as medium and r ≥ 0.30 as large in the first paragraph 
of the chapter results.

All analyses are conducted with R version 3.6.2. The 
reliability analysis of ω (McDonald, 1999) is done with the 
package “MBESS”. The GMM is analyzed with the package 
“lcmm” and logistic regression analyses are conducted with 
the package “margins”.

To address the first research question, this study follows 
the proposed approach of Ram and Grimm (2009) for the 
analysis of the GMM. Thus, this study examines the shape of 
growth over time using growth curve analyses for one single 
group. Both linear and quadratic growth models are tested. 
As a next step, a model specification based on previous 
models is conducted to identify unobserved subgroups of 
individual trajectories. The analysis compares models with 
increasing numbers of classes. Comparisons across models 
are conducted with the Akaike information criterion (AIC), 
the Bayesian information criterion (BIC) fit statistics, and 
the sample-adjusted BIC (SABIC), with smaller values indi-
cating superior fit to the data. The entropy value is measured 
(ranging from 0 to 1) as an indicator of classification accu-
racy. Values > 0.70 indicate a good classification accuracy 
(Reinecke, 2006) and the diagonal of the average latent class 
probabilities for most likely class membership near 1 (Jung 
& Wickrama, 2008). Finally, plots of the group trajectories 
are inspected for the plausibility of the results.

Subsequently, this study investigates differences in the 
sets of student characteristics and outcomes across the 
previously identified classes (Research Questions 2). For 
this, hierarchical logistic regression and Likelihood Ratio 
Tests are used (Glover & Dixon, 2004). Average Marginal 
Effects (AME) are estimated, because this procedure leads 

to satisfactory results in many different scenarios (Best & 
Wolf, 2012; Mood, 2010).

The results for estimated fixed effects model are reported 
by four decimal places (ten thousandths). The reason for 
this is, that the effect is small yet still positive or negative 
and does not actually include zero. Only two decimal places 
with zero and statistically significant results would confuse 
the reporting. Especially in the case large sample size, where 
almost everything will be significant.

The percentage of missing values of each variable in the 
dataset of the GMM is below 0.1 percent. A Missing Values 
Analysis indicates that Little’s (1988) test of Missing Com-
pletely at Random (MCAR) is not significant (χ2 = 2.071, 
df = 2, p = 0.36). For the logistic regression dataset, the per-
centage of missing values on each variable vary between 0 
and 2.9 percent. Little’s (1988) test is not significant here, 
either (χ2 = 16.826, df = 25, p = 0.88). Thus, there is no 
evidence that the data was not MCAR. The missing data 
is estimated using the R Package “Amelia” and the EMB 
algorithm method, which combines the classic Expectation 
Maximization (EM) algorithm with a bootstrap approach 
(Honaker et al., 2011), using m = 5 imputed datasets. GMM 
models are estimated based on z-scores.

Table 5   Fixed-effects models for changes in subject-interests in study 
program (full sample)

Standard errors are shown in parentheses; β = standardized beta coef-
ficients; GPA Grade Point Average; †p < .10; *p < .05; **p < .01; 
***p < .001

Model 1 Model 2
β β

Time ‒.0218 (.0049)*** ‒.0095 (.0046)*
Time (quadratic) .0004 (.0001)*** .0002 (.0001)†
GPA .1672 (.0134)***
Quality of instruction .3739 (.0123)***
Intercept 3.8477 (.0319)*** 1.7456 (.0747)**
Number of Persons 4,345 4,345
Number of Observations 9,581 9,581

Table 6   Fit indices from estimated growth mixture models

AIC Akaike information criterion, BIC Bayesian information criterion (BIC), SABIC Sample-adjusted Bayesian information criterion

Model AIC BIC SABIC Entropy Minimum size 
of class in 
percent

maximum 
size of class in 
percent

minimum average latent 
class probabilities for 
most likely latent class 
membership

maximum average latent 
class probabilities for most 
likely latent class member-
ship

1-Class 26043.95 26082.21 26063.14 - - - - -
2-Class 23612.01 23688.53 23650.40 .74 27 73 89 94
3-Class 22550.95 22665.73 22608.54 .72 12 53 86 90
4-Class 22113.53 22266.57 22190.31 .73 5 52 83 88
5-Class 21998.20 22189.50 22094.17 .69 2 43 75 87
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Results

Table 4 provides descriptive statistics and correlations (r) 
for all variables across academic years. The means on the 
5-point Likert scale (1 = “strongly disagree” to 5 “strongly 
agree”) range between M = 3.42 for quality of instruction 
and M = 3.92 for GPA – each in the third academic year. As 
a next step, I inspect the correlations. According to Rich-
ard et al. (2003), large correlation effect sizes exist between 
occupational aspiration and subject-interest (r = 0.31 to 
r = 0.42). In this study, the measurement for the third aca-
demic year also shows medium and large effect sizes of the 
correlations for subject-interest and quality of instruction 
between r = 0.27 and r = 0.34. The two performance meas-
urements of university entrance score and GPA correlates 
with r = 0.33 and r = 0.42.

Step 1 of the analysis involves exploring the functional 
form of the growth curve in students’ subject-interests 
across the full sample. Table 5 shows the results of the two 
estimated fixed-effects models without (Model 1) and with 
control variables (Model 2). I see that the linear slope factor 
for time is negative for Model 1 (β = ‒0.0218) and Model 
2 (β = ‒0.0095). Both models are significant p < 0.05. The 
quadratic slope factor for time is seen as very small. In 

Model 1 it is β = 0.0004 and significant (p < 0.001). In Model 
2 the effect is β = 0.0002 and marginally significant (p < 0.1). 
The effects for the control variables GPA (β = 0.1672; 
p < 0.001) and quality of instruction (β = 0.3739; p < 0.001) 
are larger, than the time effect. Because of these results a 
quadratic growth factor for subject-interest is assumed and 
the two control variables in the model are kept for further 
analysis.

Step 2 of the analyses addresses research question 1 con-
cerning how many classes of students’ trajectories can be 
identified. The study estimates growth mixture models vary-
ing from a one-class solution to a five-class solution. Table 6 
summarizes the results. AIC, BIC and saBIC decrease in all 
estimated models, which indicates a solution with only a few 
classes. Entropy varies between two classes and four classes 
in a range from 0.72 to 0.74. The researcher finally chose a 
two class solution, because its entropy of 0.74 is the highest 
of all class solutions, an appropriately large class size rang-
ing from 24 to 73 percent—the smallest class sizes in the 
other estimated models could be seen as marginal groups or 
outliers—and highest large average latent class probabilities 
for the most likely latent class membership between 89 and 
94 percent.

Fig. 3   Estimated average tra-
jectories of the growth mixture 
modeling (2-Class solution). 
Notes: Sample size of class 1 
“descending interest” (below 
trajectory) is 27 percent; Sam-
ple size of class 2 “continuously 
high interest” (above trajectory) 
is 73 percent
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Figure 3 plots the result for the two class solution. I use 
z-scores in our plot. The trajectories for class 1 (27 percent 
of the sample) starts at nearly z = ‒0.50 and decreases in the 
following months. In month 15, the score is under z = ‒1. 
Although the score rises again from around the 20th month, it 
never rises above z = ‒1 in the subsequent period. It is specu-
lated that subject-interests will increase, because of the thesis 
here. The trajectory for class 2 (73 percent of the sample size) 
starts at about z = 0.50 with less changes. This trajectory is 
always above the mean with a z-score > 0. As a consequence 
of these results, I name class 1 “descending interest” and 
class 2 “continuously high interest” for further analyses.

Table 7 shows the estimated development trajectories 
of the two classes solution as fixed-effects models. The 

intercept for the class “descending interest” is β0 = ‒0.5451 
and for the class “continuously high interest” β0 = 0.4401. 
The development of the class “descending interest” shows 
a decreasing slope (β = ‒0.0427; p < 0.001) with a quad-
ratic trend (β = 0.0008; p < 0.001). In contrast, the class 
“continuously high interest” shows a smaller negative 
effect (β = ‒0.0055; p > 0.10). GPA (Class “descending 
interest”: β = 0.1239; p < 0.001; Class “continuously high 
interest”: β = 0.0867; p < 0.001) with larger effect against 
time and quality of instruction (Class “descending inter-
est”: β = 0.3489; p < 0.001; Class “continuously high inter-
est”: β = 0.2158; p < 0.001) with largest effect in the whole 
model are significantly positive for these two variables and 
both classes. This result underlines the importance of these 
variables from a theoretical point of view, for their practical 
implications and finally for the estimated model.

To work on research question 2 and to identify individual, 
cognitive and background factors for membership in differ-
ent classes, this study uses logistic regression analysis, which 
is depicted in Table 8. To check the robustness of the results, 
I systematically extend the estimated models by adding 
variables. Results of Model 1 (McFadden's adj. R2 = 0.13; 
Nagelkerke R2 = 0.19; Cox & Snell R2 = 0.12) show that 
occupational aspiration (AME = 0.10; p < 0.001) and the 
academic majors of social work (AME = 0.16; p < 0.001) 
and engineering (AME = 0.08; p < 0.001) influence belong-
ing to the class “continuously high interest”. However, there 
is a significant effect for female against male participants 
being in the class “descending interest” (AME = ‒0.09; 
p < 0.001). These effects remain almost unchanged in the 
other estimated models. Cognitive factors depict by the uni-
versity entrance score are integrated in Model 2. However, 
this effect is negative (AME = ‒0.05; p < 0.001) and students 
with better scores belong to the class “descending interest”. 
A likelihood ratio test in between Model 1 and Model 2 
shows a modest improvement in model fit (McFadden's adj. 
R2 = 0.12; Nagelkerke R2 = 0.20; Cox & Snell R2 = 0.13; χ2 
(1) = 15.99, p < 0.001). Model 3 includes family background 
factors. The effect of social origin “middle” (AME = 0.05; 
p < 0.10) and social origin “high” (AME = 0.04; p < 0.10) 
is not as high as the other variables in the models and only 
marginally significant. A likelihood ratio test between Model 
2 and Model 3 shows no improvement in model fit (McFad-
den's adj. R2= 0.12; Nagelkerke R2= 0.20; Cox & Snell 
R2 = 0.14; χ2 (2) = 3.47, p > 0.10). Figure 4 plots the results 
of Model 3 in Table 7 using a coefficient plot.

Discussion

This study is one of the first studies to examine develop-
mental processes of subject-interest in higher education in a 
longitudinal perspective analyzing inter- and intraindividual 

Table 7   Fixed-effects models for changes in subject-interests in study 
program (2-Class solution)

Standard errors are shown in parentheses; table shows standard-
ized beta coefficients; GPA Grade Point Average; †p < .10; *p < .05; 
**p < .01; ***p < .001

descending interest continuously high 
interest

β β

Time ‒.0427 (.0079)*** ‒.0055 (.0047)
Time (quadratic) .0008 (.0002)*** .0002 (.0001)
GPA .1239 (.0174)*** .0867 (.0099)***
Quality of instruction .3489 (.0177)*** .2158 (.0096)***
Intercept ‒.5451 (.0643)*** .4401 (.0379)***
Number of Persons 4,345
Number of Observations 9,581

Table 8   Logistic regression for prediction on membership on class 
“continuously high interest” (n = 4,345)

Standard errors are shown in parentheses; table shows AME Average 
Marginal Effect. †p < .10; *p < .05; **p < .01; ***p < .001

Model 1 Model 2 Model 3
AME AME AME

Occupational aspiration .10 (.01)*** .10 (.01)*** .10 (.01)***
Gender: female (ref. 

male)
‒.09(.01)*** ‒.09(.01)*** ‒.09(.01)***

Academic major (ref. economy)
  social work .16(.02)*** .14(.02)*** .14(.02)***
  engineering .08(.01)*** .09(.01)*** .09(.01)***
  University entrance 

score
‒.05(.01)*** ‒.05(.01)***

Social origin (ref. low)
  middle .05 (.03)†
  high .04(.02)†

Cox-Snell R2 .13 .13 .14
Nagelkerke R2 .19 .20 .20
McFadden's adj. R2 .12 .12 .12
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differences. The first major aim of this study is to identify 
different types of trajectories. In a subsequent step, deter-
minants are tested that influence the membership in these 
trajectory types as second major aim.

This research identifies a decreasing subject-interest over 
all observations. GMM models are estimated for analys-
ing research question 1 detect two classes of trajectories. 
Class 1, classify as “descending interest”, shows a decreas-
ing curve from the beginning of university on, and a slow 
rise from the 20th month onward. This curve is in line with 
previous findings from motivation research (Dotterer et al., 
2009; Frenzel et al., 2010). The second class, characterize as 
“continuously high interest”, shows an almost parallel curve 
above the overall mean. The interest in this class stays on a 
continuously high level. Gaspard et al. (2020) publish simi-
lar results for elementary and secondary school, with two 
trajectory lines for motivational variables. Consequently, the 
results replicate the state of current research. Influence fac-
tors for the membership of different classes are individual 
(gender, occupational aspiration), environmental (academic 
field) and cognitive (university entrance score) variables. 
In contrast, family background is not found to be a strong 

influencing factor. While the positive effect of the cognitive 
factor as well as the occupational aspiration can be expected 
from former research, the effects of gender and academic 
field can be seen as additions of the current state of research 
that provide hypotheses for future research.

The two trajectories must be seen against the theoretical 
background of the “Four‐phase model of interest develop-
ment” (Renninger & Hidi, 2019). The class "continuously 
high interest" seems to be able to maintain its continuously 
high interest. This group is permanently in the highest 
phases of the “Four‐phase model of interest development”. 
In contrast, the "descending interest" class already seems 
to be in a lower phase at the beginning of the study. In the 
further course of studies, a descent into a lower phase of the 
“Four‐phase model of interest development” seems to be 
characteristic for this class. It may only be possible to catch 
this group over a period of time with situational interest. 
Towards the end of their studies, when they are working 
towards their final thesis, many people move up again to a 
higher level.

The reasons for the downward trend of subject-interest 
is complex, but potential reasons for explanations can be 

Fig. 4   Coefficient plot for 
prediction of membership in 
class “continuously high inter-
est” based on logistic regression 
(n = 4,345). Notes: table shows 
AME Average Marginal Effect, 
OA Occupational aspiration, 
UEC University entrance score, 
Eng engineering (ref. economy), 
SW social work (ref. economy), 
SOM Social origin middle (ref. 
Social origin low), SOH Social 
origin high (ref. Social origin 
low)
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offered. It is possible that the subject-interests shift to a prac-
tical application of the subject content, so that the reduced 
shift in interest results from this. Another explanation for 
this development of the class “descending interest” can be 
seen in the POI. The start of a study program is linked to a 
variety of changes for freshmen’s social and achievement 
situation. For example, requirements arise in regulating 
one’s learning process and achievement motivation as less 
individual support by universities is a characteristic of the 
new learning environment (Pillay & Ngcobo, 2010). Con-
sequently, students have to cope with other tasks, which are 
often put before subject interests. The upward-trend before 
finishing the study program is possibly a result of acquiring 
grit.

Analyses of determinants for the membership in classes to 
answer research question 2 are in line with the current state 
of research. The strong effect of occupational aspiration to 
the class membership underline links between interest and 
academic choices. This replicates findings by Bargel et al. 
(1989) and Schiefele (2009). As already mentioned in the 
previous section, this analysis detects an effect of cognitive 
factors on interest. Results show that university entrance 
score is an important factor influencing class membership. 
However, people with a higher university entrance score are 
more likely to belong to the class “descending interest”. It is 
difficult to explain this result, but maybe there is a mismatch 
with the choice of the academic major or potentially too 
low demands in the study program. Against the background 
of the discussions in educational policy on interest in the 
STEM field and gender effects, the present results are likely 
to attract particular attention, especially in Germany (Got-
tfried et al., 2001; Krapp, 2018; Su et al., 2009). Findings in 
this study show that men as well as students from the aca-
demic fields engineering and social work more often belong 
to the class “continuously high interest” than women and 
students from other academic fields do.

Against the backdrop of the developmental trajectories 
of subject-interest and the influencing factors that affect 
it, new research questions occur that need to be addressed 
in the future. The question of the correlation between the 
development of subject-interests and research-based learn-
ing arises (Wessels et al., 2020). Furthermore, the influence 
the COVID-19 pandemic has on this research field as well 
as on the entire teaching at universities should be investi-
gated (Ortiz, 2020). It remains open how far the research 
results can be generalised. Can the results, for example, also 
be transferred to traditional students or regions? Replica-
tion studies need to be initiated here. One possible answer 
could be that the result of this study can be generalized to 
other geographies with the following characteristics. Rein-
hard et al. (2016) emphasize a generalization of such results 
from cooperative education program especially to countries 
having a rich history in cooperative education programs, 

like South Africa or Namibia. Graf et al. (2014) propose 
a transfer of such results from cooperative education pro-
grams to other countries and education systems depending 
on the general economic conditions in a target country and 
a general interest in the expansion of the tertiary education 
sector, for instance through (education) policy reforms and 
initiatives in the target country. Against the background of 
research in learning and instruction, it would also be inter-
esting to explore the correlation between learning difficulties 
and interest.

The present study has several limitations. Firstly, only 
students from a single university with twelve locations in 
one federal state of Germany were interviewed. Further-
more, this study is only able to use three academic majors 
in the datasets. The data is based on cooperative students 
that are recruited by the partner companies of the universi-
ties (Kupfer, 2013). Therefore, a generalization of the results 
is difficult so that it has to be replicated, for example with 
traditional students. This suggestion is already addressed in 
the last paragraph. Furthermore, the imprecise measurement 
of social origin could contribute to the fact that no signifi-
cant effect was found here. Also, an influence of the different 
teaching methods in the three academic majors on interest 
cannot be ruled out and should be more investigated in fur-
ther studies. Moreover, a large sample size is used here. In 
such situation it must be consider, that in large enough sam-
ple sizes even tiny and practically irrelevant effects become 
statistically significant.

However, the study also possesses several strengths. I am 
able to use panel data analyzing intraindividual changes of 
participants. Furthermore, I do research in higher educa-
tion, which is very rare in the research field of interest. I am 
able to access extensive data from the university adminis-
tration and to integrate it into analyses, which increases the 
quality of this study. The large sample size of 4,345 partici-
pants as well as the reliable measurements in the field study 
(ω ≥ 0.81) should also be positively emphasized. The use of 
innovative and complex analytical methods further under-
lines the importance of this study.

At this point, I would like to present practical implica-
tions that enable students to increase interest in their field of 
study. Even before they start their studies, students have the 
opportunity to match their interests with the subject they are 
studying. Online self-assessments are a successful method 
for this (Ćukušić et al., 2014). A further strengthening of 
subject-specific interests can be attained by focusing on the 
didactic offers of university lecturers. Based on targeted 
offers, the teaching quality can be increased, which can in 
turn push situational as well as individual interests (Biggs 
& Tang, 2011). A further practical implication to increase 
student’s interest and motivation or prevent burnout could 
be accompanying coaching programs at the beginning of 
their student program at universities. First approaches to 
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implement this are available, but a more precise adaptation 
to the topic as well as to the target group is necessary (Unter-
brink et al., 2012).

The results of this study build in important ways on the 
extant literature on the development of students’ subject-
interest across the higher education years and offer important 
new findings. The present study can be used as a starting 
point for further research. I hope that the findings have pro-
duced the first important results for addressing the raised 
research question.
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