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The ’how’ and when’ questions for the effect of a flipped classroom
inspired RCT intervention

Julie Buhl-Wiggers, Dep. of Economics, CBS
Lisbeth la Cour, Dep. of Economics, CBS
Annemette Kjergaard, Dep. of Management, Society and Communication, CBS

1. Introduction.

As a university teacher you care about the learning of your students. Your time is also
scarce so when considering introduction of new pedagogical formats, you would like to
know if they are promising and actually help increasing the learning of your students.
The Flipped Classroom (FC) idea is theoretically promising. Hence both quantitative
and qualitative studies have been called for in the literature to assess the effectiveness
of FC in higher education. In this study we contribute with an assessment of the effects
of an RCT of a flipped classroom intervention in a first year, second semester macroe-
conomics course at CBS in the spring of 2018. Our focus on the ‘before-COVID19’
semester of 2018 is of relevance, as we here had time to set up our RCT taking the
pedagogical ideas into account. We have analyzed both the overall ‘path’ from our in-
tervention and to the final exam grade as well as investigated potential heterogeneity
and mechanisms. In this paper we present a selection of our results with main focus on
the “How’ (mechanisms - mediation) and ‘When’ (heterogeneity - moderation) ques-
tions. The average treatment effects (ATE) are briefly touched upon as well. To sum-
marize, our research questions (RQ) are:

1. Does a FC inspired intervention on average lead to increases in student’s grades
(the “if” question)?

2. Do variables that relate to student personality broadly defined moderate the ef-
fects investigated in RQ1 (the “when” question)?

3. Does student class attendance work as a mediator for the effect of our FC inter-
vention on the student’s grade, when also considering potential additional con-
trols and moderators from RQ2 (the “how” and also ‘when’ question)?

2. Briefly on the existing literature.

In general, flipped classroom appears to positively impact academic achievement in
higher education, see e.g. Strelan et al. (2020)). The idea is that FC works because of
the increased activity and engagement of students in-class (Fisher et al., 2018). How-
ever, when zooming in on the effects of FC on academic achievement in business and
economics education much less agreement is found. Still some studies find positive ef-
fects (e.g. Calimeris & Sauer, 2015), some find no effects (e.g. Setren et al. (2021)) and
some find both positive and negative effects depending of the prior academic achieve-
ment of the students (e.g. Asarta and Schmidt, 2017). So far not many large scale RCT’s
have been conducted to actually assess the magnitude of the effect of introducing FC in



cases where the traditional elements to increase active learning do not work. Further-
more, in the literature the results are based on a mixture of qualitative and quantitative
studies with a majority of studies being of a qualitative nature. To our knowledge not
many papers have investigated for one thing mechanisms (mediation) but also hetero-
geneity (moderation) quantitatively, and especially not their combination. For a single
study on mechanisms based on a large scale RCT, see Authors, in review (2022).

Hence with the present study we contribute to the literature on effects of FC by providing
answers to our three RQs based on a carefully designed intervention that was imple-
mented by a - for the present context - large scale RCT.

3. The setting of the RCT and balancing tables.

In the RCT, the focus is on the tutorial classes of the course as this is where students are
supposed to work actively with the problem sets. The lectures are the same for both the
treated and the control group and outside the scope of the RCT. The focus on the tutorial
classes is based on the observation that even though students are supposed to take ac-
tively part in the tutorial classes, usually they show up un-prepared and are quite passive
during these classes. The pedagogically informed intervention has the aim of increasing
activity during the tutorial classes to ultimate increase student learning and exam per-
formance. The idea behind this intervention is inspired by the philosophy of a flipped
classroom although it is not strictly speaking a classical example of FC due to the focus
on the tutorial classes and not on the lectures.

The flow in learning activities during a typical week in the macroeconomics course is
described below. Keep in mind that the lecturing teacher is the same for all students
irrespectively of their group belongings (treated/control):

Treated class: Students are supposed to read the text of the week before the lecture (90
minutes). Students work on solving practice questions at home using MyEconLab (prac-
tice with immediate feed-back). Next they are supposed to show up in the tutorial class
to work on and discuss the "main problem set’ of the week. Video solutions for the main
problem set are made available afterwards.

Control class: Students are supposed to read the text of the week before the lecture (90
minutes). Students work on the "main problem set” at home. In the tutorial class, the
solution to the “main problem set’ is presented by the teacher. Students are also offered
the same extra set of practice questions as provided to the treated students. These ques-
tions are provided as a pdf-file and not through MyEconLab. Students in the control
group do not have access to video solutions of the “main problem set’.

Notice that all students are provided with the same problem sets, however in different
formats.

To ensure that the conditions - apart from the main idea of the intervention - was as
similar as possible we further made sure that each tutorial teacher taught both a control
and a treated class (to be able to remove any teacher effects). Also no time-of-the-day
or day-of-the-week effects could be expected as tutorial classes were placed on the same
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week day and back-to-back for each teacher with a reversing of the order in the middle
of the course. Finally, a student research assistant was placed by the entrance to each
tutorial class to make sure that only students assigned to this class was entering.

Table 3.1: Balance of observable controls.

Control Treated p-value

Variable N Mean/SE N Mean/SE

Age 192 21740 223 21.758  0.721
[0.144] [0.092]

Female (dummy=1 for female) 192 0.406 223  0.354 0.697
[0.036] [0.032]

Capital region, Denmark 192 0.464 223 0.507 0.544
[0.036] [0.034]

Non-capital region, Denmark 192 0.385 223 0.377 0.939
[0.035] [0.033]

Foreign (mostly Norwegians) 192 0.151 223  0.117 0.436
[0.026] [0.022]

Grade microeconomics 192 5.589 223 5.489 0.650
[0.242] [0.224]

High School GPA 192 9.044 223 9.021 0.777
[0.095] [0.083]

Index of self-efficacy 129  30.186 129 30543 0.734
[0.475] [0.424]

Reply dummy (dummy=1 if 192 0.708 223 0.704 0.979

student took the personality test) [0.033] [0.031]

Motivation 130 3.731 131  3.664 0.531
[0.090] [0.087]

Conscientiousness 136 46.463 157 45293  0.174
[0.556] [0.522]

Note: The p-value is the p-value of the corresponding t-test. In all the regressions we also include the
strata variables: age, gender and high school location.

The randomization took place at the individual student level. The randomization was
stratified based on the pre-determined variables of age, gender and high school location.

Students were informed about the RCT before the start of the semester and were told up
front that they could ask for their data not being used in the study. (Only one student
asked for this). The project has been approved by the CBS ethical committee.

All teachers have prior to semester start been participating in workshops on FC and
facilitation of collaborative, active learning offered by the Teach&Learn unit at CBS.



Due to data cleaning, the final estimation sample was smaller than the starting sample
and we therefore show the balancing of the two groups based on observable variables in
Table 3.1. As seen in Table 3.1, there are no significant differences between the control
and treatment groups of students. Hence we assume, as is standard in the literature, that
this is also the case for unobservable variables.

Turning now to our hypotheses about causality:

Overall, we expect the intervention (= treatment) to affect the exam grade positively due
to increased activity during the tutorial classes of the treated students.

Second, we are aware that mediating effects may be present (the ‘how’ - mechanism).
We expect that student class participation (measured by class attendance) is affected by
the treatment and that class participation affects the exam outcome. Some students may
like the new format some may not.

Finally, we are also aware of potential heterogeneous effects (the ‘when’). We expect
that several factors can work as moderators: previous student academic outcomes (prox-
ies for ability), motivation, self-efficacy, personal traits and maybe also a behavioral
variable measured as a dummy for whether or not the student filled-in the form for per-
sonality traits (the reply-dummy). In the end we only use the motivation and reply-
dummy as controls and/or moderators when it comes to the extended mediation analyses
following Hayes (2018). More on this later.

The models we have in mind can be illustrated by Figure 3.1, which is inspired from
Hayes (2018), figure D, page 441.

In some of our estimations we apply all the arrows (translated to regressions) while in
others we only focus on a subset. In some regressions we add the potential moderators
just as controls before introducing the actual moderating effects.



Figure 3.1: Potential causal paths.

Moderator:
various (W)

\

Treatment: \

M » | Grade (Y)

Mediator: attendance (M)

Note: Moderator: the ‘when’; Mediator: the ‘how’. We also add control variables to the model
equations. Expected causal links are illustrated by the arrows. The letters in parentheses will be used
Jor notation in the suggested regressions.

4. The data.

Our main data comes from the administrative student data of CBS. Here we have access
to student background data like age (in years), gender (female = 1), high school location
(capital region, outside capital region and foreign), high school GPA and also data that
relates to a student’s adaptation to the university environment: the grade in the microe-
conomics course of their first semester. In the first week of the semester during the lec-
ture class, we ran a small survey and from that survey we have information about
whether a student was looking forward to the course. We use this information as a con-
trol and also as a moderator in the analysis. Also, we asked the students to fill-in a survey
to allow us to derive a measure of self-efficacy and also performed a test for measuring
student personality traits (Big Five: conscientiousness, openness, extraversion, agreea-
bleness, neuroticism). Both survey and test were given to the students prior to them
being informed about whether they belonged to the treatment group or not. As a poten-
tial mediating variable, we consider class attendance (share of tutorials that a student
showed up for) as we have no missing values for this variable. Without showing up in
class a student would not benefit from the collaborative part of the active learning inter-
vention.

4.1 Data pre-processing

To clean the data we dropped observations if 1) students who did not begin their studies
in the fall of 2017, 2) students who dropped out during the experiment, 3) students who
despite our efforts belonged to the control group but had gained access to the on-line
material (only a few), 4) students who did not have a grade in microeconomics and 5)
students who did not receive a grade in the macroeconomics course at the ordinary exam.



This means that the overall sample drops from 644 to 415 students. As seen above, this
drop in number of observations still leaves us with balanced samples for the control and
treatment groups when considering observables. For samples that are merged with var-
iables based on surveys, the size can be considerably smaller and we have to keep that
in mind through the analyses.

5. Statistical methodology.

Our analyses mainly rely on traditional regression analysis and OLS estimation. How-
ever, in order to cope with mediation and moderation, we need to also work with inter-
action terms (for moderators) and combinations of equations (mediation).

Equations (1) and (2) below show the most comprehensive models of the analysis. The
simpler models are sub models of these. We rely on conditional process analysis as de-
scribed in Hayes (2018). The concepts from Hayes (2018) consist of three types of ef-
fects from T (Treatment) to Y (Outcome=grade) when potential mediation is allowed:
the total effect, the direct effect and the indirect effect. The total effect comes from an
equation that does not take mediation into account:

EQ (1): Yi=ao+aiTi+ aWi + asWiT; + controls + e

The subscripts ‘i’ refer to student ‘i’, T is ‘treatment” and Y is the grade in macro. The
W variable is for the ‘base’ of a moderator (differs along the way) and the interaction
term W*T captures the moderation effect. Controls consist of age, gender and high
school location. For balanced samples controls are actually not needed but adding them
may increase the precision of the estimation. We also include a set of teacher dummies.

The average treatment effect (ATE) is measured by a: from equation (1) and without W
and the interaction term in the model.

With moderation, the total effect is the effect of T on Y conditional on W:
The total effect is (a1 + asW) from EQ (1).

When mediation is taken into account, we need two more equations: one for the effect
of from treatment (T) to the mediator (M) and one from M to Y conditional on T. We
specify these equations as:

EQ (2): Yi = bo + biTi+y Mi + b2Wi + bsWiT; + controls + vi

Here M is the mediator, class attendance. This equation captures the effect of M on Y
conditional on T.

The direct effect is (b1 + bsW) from EQ (2).
EQ (3): Mi = o + C1Ti+ c2Wi + csWiTi + controls + u;
The indirect effect is the product of y from EQ(2) and (c1 + csW) from EQ (3).



The error terms, e, v, and u are each assumed to fullfill the usual assumption of OLS.
We are aware of a potential danger of heteroscedasticity and we address this by applying
robust standard errors when possible.

To calculate the standard errors of the coefficients that enter the expression for the indi-
rect effect, a bootstrap method (with resampling at the class level) is applied.

With the present specification the models ensure that the total effect equals the sum of
the direct effect and the indirect effect. For models with both moderation and mediation
this holds true for the intercept and slope parts of these effects as well.

With no moderator, these effect-expressions simplify a lot (by removing all terms with
W).

6. Descriptive statistics.

The first row of Table 6.1 shows descriptive statistics for the outcome variable. In the
middle part between the horizontal lines, we show the mean and standard deviations for
what we consider pre-determined variables. The last row of the table is for class attend-
ance, a variable from the time period where the intervention took place.

Later, during analysis, we apply a standardized measure of the macro grade to follow
the tradition in the literature. This transformation does not affect the significance of our
results. For the moderation analysis we create interaction terms based on de-meaned
variables for continuous moderators. Grade variables on the right-hand-side of our equa-
tions are not standardized. Notice that for the motivation variable (from initial survey)
and conscientiousness (one of Big Five personality traits; from the initial test) we ob-
server smaller sample sizes. We also have measures of the other personality traits but as
it turns out that this sample causes problems later on, we just show the descriptive sta-
tistics for this single trait in Table 6.1. We assume that this trait may be the most relevant
one for the present analysis.



Table 6.1: Descriptive statistics

Number of ob-

Standard devi-

VARIABLES servation Mean ation
Grade in macro 415 5.318 3.807
High School GPA 415 9.032 1.275
Grade in microeconomics 415 5.535 3.345
Index of self-efficacy 258 30.364 5.110
Female (dummy=1 for female) 415 0.378 0.486
Age 415 21.749 1.690
Capital region, Denmark 415 0.487 0.500
Non-capital region, Denmark 415 0.381 0.486
Foreign (mostly Norwegian) 415 0.133 0.339
Conscientiousness 293 45.836 6.529
Reply dummy (= 1 if student took

personality test) 415 0.706 0.456
Motivation 261 3.697 1.010
Class attendance (share of tutorial

classes attended) 415 0.549 0.277

Note: The grades are measured on the Danish 7 point scale. The regions are dummy variables.

7. Estimation results of the regression models

In this section we report our estimation results. We start by presenting the average treat-
ment effect of the intervention. Then we move on to discuss heterogeneity and finally
we turn to investigation of a potential mechanism: mediation.

7.1 Average treatment effects (the ‘if” question) and sample issues

In Table 7.1 we report the average treatment effects estimated based on a version of
equation (1) without W-terms and with and without controls. The first column shows
the ‘pure’ and total effect of the intervention. The effect of the intervention is positive
but insignificant at traditional significance levels. The size of the effect is rather small—
around 0.10 standard deviations (a move from the 25" to the 50" percentile of the grade
distribution is equivalent to 0.52 SDs) — although Kraft (2018) call such an effects a
‘middle’ sized one. In the second column we add individual background variables as
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controls. The size and sign of the average treatment effect does not change much which
is also what we would expect when working with balanced groups. The coefficient is
still not significant for a double-sided test at traditional significance levels. If we apply
a single-sided test the effect becomes significant at the 10% level, though. To prepare
for the moderation analyses that comes next, we also look at the regression results for
samples corresponding to the use of potential moderating variables. Here our focus is
still on variables that we see as pre-determined or proxies for pre-determined student
characteristics — but of a more personal nature. Focusing on a sample that includes the
motivation variable (column 3) does not seem to lead to any bias for the estimation of
the effect of the intervention. The same holds true for a sample based on availability of
our self-efficacy measure (column 4). However, for the sample that allows use of the
personal trait variable conscientiousness, we see a quite dramatic change in the esti-
mated treatment effect (column 5). Hence working with the sample that allows inclusion
of this (and maybe other personal trait) variable(s) seems to be a bad idea.

The results of Table 7.1 lead us to suggest the motivation and the self-efficacy variables
for moderation, but not the personal trait of conscientiousness. Instead, we will try to
apply the variable that somehow relates to the personality of the students but at the same
time does not lead to a loss of observations, the reply-dummy: the dummy for whether
a student replies to the test that is the basis of the construction of our personality trait
variables. This dummy equal one if a student took the test. We would expect that this
dummy is positively correlated to e.g. the conscientiousness variable but cannot do the
calculations as the latter is missing for non-repliers.

7.2 Results from moderation analysis (the ‘when’ question)

We now focus on a range of potentially moderating variables all of which we assume
pre-determined. In EQ (1) it means that we add one of these variables at a time as “W”.
All continuous moderating variables are de-meaned prior to these analyses. This is done
to increase interpretability. The first group of variables relates to previous academic
achievements and consists of the variables: grade in microeconomics and high school
GPA. As we do have this information for all students in the main, full sample we do not
have any sample change issues in these regressions. The second group of variables re-
lates to personal traits or subjective features of each student and consists of: The moti-
vation variable, the self-efficacy variable, and the reply-variable. For two of the three
variables in the second group, we face the sample issues from Table 7.1. Only the last
of these variables is available for the full sample.



Table 7.1 ATE for the macro grade and a check for sample dependence

Full Full Motivation Self.eff.  Per. trait
VARIABLES sample  sample  sample sample  Sample
Treatment 0.096 0.102 0.091 0.096 0.001
(0.097)  (0.069)  (0.089) (0.089) (0.082)
Age 0.011 0.017 0.022 0.017
(0.020)  (0.020) (0.022)  (0.023)
Female -0.236** -0.185* -0.196*  -0.199*
(0.075)  (0.090) (0.091)  (0.088)
Non-capital region 0.046 0.168+ 0.168+  0.082
(0.074)  (0.093) (0.094)  (0.088)
Foreign 0.193+ 0.037 0.067 0.178

(0.111)  (0.138) (0.139)  (0.129)
Grade microeco-

nomics 0.177** 0.182** 0.179** 0.172**
(0.011) (0.013) (0.013) (0.013)
High School GPA 0.147**  0.131** 0.134**  0.160**
(0.028)  (0.035) (0.036) (0.031)
Observations 415 415 261 258 293
Fixed effects No Teacher Teacher Teacher  Teacher
R-square adj. 0.000 0.498 0.522 0.517 0.514
F test stat 0.973 79.54 53.98 53.06 52.47
p-value of F 0.325 0.000 0.000 0.000 0.000

Note: Robust standard errors in parentheses. ** p<0.01, * p<0.05, + p<0.1

From Table 7.2 we notice that none of the interaction terms including previous academic
achievement are significant. Such results also hold for the index of self-efficacy and for
the motivation variable — although the motivation variable itself is significant at the 5%
level. For the reply variable, we do find an interaction effect that is significant at the
10% level. Also the variable itself is significant. Due to inclusion of this significant
variable, also the base effect of the treatment is changed and significant. The interpreta-
tion of the results is that the effect of the treatment differs depending on whether the
student took the personality test or not. For a student who took the test, the treatment
effect will be around zero (a1 + a3 with W=1 from EQ (1)). For a student who did not
take the PT test the effect equals a: from EQ (1) which in this case is 0.316 and signifi-
cant at the 5% level. The big question is now what the PT variable actually measures or
how it can be interpreted. We will discuss this later.
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Table 7.2 Heterogeneous treatment effects. Regressions with moderators. The
‘when’ question.

VARIABLES Grade Grade Grade Grade Grade

Treatment 0.103 0.102 0.093 0.099 0.316*
(0.069) (0.069) (0.090) (0.087) (0.130)

Grade microeco-

nomics 0.169** 0.177** 0.175** 0.175** 0.175**
(0.016) (0.011) (0.013) (0.013) (0.012)

High School

GPA 0.147** 0.160** 0.132** 0.126** 0.148**
(0.028) (0.038) (0.036) (0.036) (0.028)

Treat*micro 0.015

(0.020)
Treat*HS-GPA -0.027
(0.050)
Self-efficacy 0.008
(0.011)
Treat*Self-effi-
cacy 0.009
(0.017)

Motivation 0.120*

(0.060)
Treat*Motivation -0.000

(0.084)
Reply-dummy 0.252*

(0.1112)
Treat*reply-D -0.304+
(0.157)

Observations 415 415 258 261 415
Other controls YES YES YES YES YES
Fixed effects Teacher Teacher Teacher Teacher Teacher
R-squared adj. 0.497 0.497 0.517 0.533 0.502
F test stat 71.16 69.65 43.30 49.36 63.96
p-value of F 0.000 0.000 0.000 0.000 0.000

Note: Robust standard errors in parentheses. ** p<0.01, * p<0.05, + p<0.1. The other controls
consists of Age and the gender and region dummies.
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7.3 Results from a couple of mediation analyses and a combination with modera-
tion (the ‘how’ question).

In this section our estimations rely on versions of EQ (2) and EQ (3). These will be
extended with first a ‘W’ in both equations and finally with both ‘W’ and ‘“T*W’ to
allow for combined moderation and mediation.

Table 7.3 Mediation and moderation analysis

Conditional Process Analysis Coefficient SE t-value  p-value
Motivation as control in all EQs

Total Effect 0.099 0.087 1.142 0.255
Direct Effect 0.169 0.088 1.921 0.056
Indirect Effect -0.070 0.030 -2.349  0.019
Reply-dummy as control in all EQs

Total Effect 0.102 0.069 1.479 0.140
Direct Effect 0.162 0.072 2.242 0.025
Indirect Effect -0.060 0.024 -2469  0.014
Reply-dummy as moderator

Total intercept 0.316 0.130 2.427 0.016
Total slope -0.304 0.157 -1.945  0.052
Direct intercept 0.373 0.129 2.896 0.020
Direct slope -0.301 0.154 -1.953  0.052
Indirect intercept -0.057 0.027 -2.103  0.036
Indirect slope -0.004 0.025 -0.151  0.880

Note: based on versions of equation (1) and (2). The new controls and also the moderation has been
added to both equations. All variables that relates to the indirect effect have (because they are con-
structed as a product of terms from two different equations) bootstrapped standard errors.

In Table 7.3, in the panel for the motivation variable, we analyze mediation by the at-
tendance variable and with motivation as a control but without any moderation. The
total effect here is close to the ATE we found in Table 7.1, column 3. This effect is
insignificant. The direct effect is positive and larger than the total effect and has a p-
value of 5.6%. The indirect effect is negative (as treated students has a lower tutorial
class attendance than non-treated students) and significant at the 5% level. For the reply
dummy as a control in all equations, we find quite similar results with coefficient sizes
being very close to those of the motivation variable. The significance has changed
slightly as now both the direct and indirect effects are significant at the 5% level and the
total effect has a p-value of 0.14. Finally, we ran a version of the model with the reply
dummy as a moderator as well — and in all equations. We notice that all coefficients
except for the slope of the indirect effect are significant at the 10% level and some even
at the 5% level. The actual calculation of the effects becomes a bit more complicated as
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they all now depend on whether the student replied to the personality test or not. Trans-
lating the coefficients from Table 7.3 into effects, we see the following picture:

Table 7.4 Effects for a model with both moderation and mediation:

For a student who replied | For a student who did not reply
Total effect 0.012 0.316*
Direct effect 0.072 0.373*
Indirect effect -0.061* -0.057*

Note: ** p<0.01, * p<0.05, + p<0.1

Significance for the no-reply students is as in Table 7.3 for the intercept terms. For the
reply-students only the indirect effect is significant and at the 5% level. The magnitude
of this effect is very close to the one for the no-reply students. This is in line with the
result from Table 7.3 that the slope of the indirect effect is insignificant such that in fact
there is one ‘common’ indirect effect for the reply and no-reply students. For students
who did not reply the total effect becomes very small. For such students the direct effect
is also rather small but larger than the total effect and the indirect effect is quite small
and negative. For students who did not reply the total effect is large, positive and signif-
icant at the 5% level. The direct effect is even larger and significant at the 5% level.
Finally, the indirect effect is significant at the 5% level and negative. The slope coeffi-
cients are significant except for the indirect effect and this implies that total and direct
effects can be considered different for replying and non-replying students.

8. Discussion related to the interpretation of the reply-dummy variable.

As there seem to be moderation going on when we use the reply-dummy variable as a
moderator, the following question now arises: what does the reply-variable actually cap-
ture and what are the pro’s and con’s of using it? Our initial hypothesis was that maybe
this variable would capture one or more of a students’ personal traits maybe in a kind of
combination. We therefore ran regressions (Table 8.1) of the reply-variable on some of
our other student-related variables. Due to perfect multi-collinearity, we cannot do such
regressions for the individual personality trait variables or the sets or subsets of them.
Raw correlations amongst the reply-dummy and the variables of Table 8.1 never exceed
32%. These are available from the authors upon request.
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Table 8.1. Correlations by regressions for the reply-dummy with other student
level variables

@ 2 3 4 ®)
Reply- Reply- Reply- Reply- Reply-
VARIABLES dummy dummy dummy dummy dummy
Age -0.006 -0.008 0.009 0.006 0.008
(0.013) (0.012) (0.012) (0.012) (0.012)
Female 0.094* 0.085+ 0.067 0.078 0.068
(0.046) (0.045) (0.055) (0.054) (0.056)
Non-Capital 0.042 0.038 0.068 0.066 0.066
(0.049) (0.049) (0.057) (0.057) (0.057)
Foreign 0.004 0.002 -0.105 -0.128 -0.105
(0.069) (0.069) (0.100) (0.097) (0.098)
Micro-grade 0.011 0.006 0.005 0.003 0.001
(0.007) (0.007) (0.009) (0.009) (0.009)
HS GPA -0.000 -0.003 0.021 0.015 0.016
(0.020) (0.020) (0.025) (0.025) (0.025)
Attendance 0.228** 0.098
(0.086) (0.110)
Self-efficacy -0.001 -0.003
(0.005) (0.006)
Motivation 0.049* 0.050+
(0.024) (0.026)
Observations 415 415 258 261 258
Controls YES YES YES YES YES
Fixed effects Teacher Teacher Teacher Teacher Teacher
R-square adj. 0.00517 0.0200 0.00229 0.0184 0.0116
F stat 1.329 2.154 0.989 1.711 1.431
p-value of F 0.243 0.0374 0.440 0.107 0.175

Robust standard errors in parentheses, ** p<0.01, * p<0.05, + p<0.1

In general we do not find much significance in Table 8.1. However notice that both
attendance and motivation are positively significant at the 1% and 5% levels respec-
tively. As pointed out earlier, we may think about the reply-variable more qualitatively
as relating to single or combinations of personal traits of the students. A hypothesis
relating to students” individual personality traits could be that the more conscientious
students were also the ones taking the test and hence the use of the reply-dummy would
work as a proxy for this trait and still allow us to use the full sample. In this case, we
would expect these students to also show up in tutorial classes and to be more motivated.
A hypothesis for such conscientious students could be that they would do well in the
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course irrespectively of whether they were treated or not. This is also what we see from
the estimation results as a treated student who replied to the personality test does not do
any better than a corresponding one from the control group. The interesting results if
this interpretation hold is, that a student who did not respond to the personality test — a
less conscientious one — actually has both a quite large and significantly positive effect
of the treatment (the direct effect of Table 7.4). This closes our discussion of potential
explanations and interpretations for the reply-variable in this paper but the discussion
may not be exhausted.

Clearly the technical advantage of using the reply-dummy is that we do not have to
consider biased results due to sample size changes. The problem is that we are not —
despite our attempt in the present case - able to come up with a good interpretation for
this variable even though it appears significant in the combined mediation with moder-
ation model. This leaves us to suggest a potential for further research for such reply-
dummy variables, and not just as additional outcome variables (as in Damm et. al.
(2021)) but also as proxy variables for otherwise unobservable variables.

9. Summary and conclusion.

We find a positive effect of the FC intervention as a reply to RQ1, although it is quite
weak. We then focus on variables that could potentially lead to heterogeneous effects
(RQ2). Of these we mainly concentrate on the motivation variable and the reply-dummy
variable (which measures whether a student initially has taken the personality test they
were offered). We find significance of motivation as an additional control variable but
not as driving heterogeneity. For the reply dummy we find indications both for being a
control and for moderation. Finally, when considering the self-efficacy variable, we do
not find significance neither for being a control nor for moderation. Turning to RQ3,
when we condition on student class attendance, we find a larger and more significant
effect - the effect that we call the direct effect from the mediation analysis - both when
the moderation variable and the reply dummy are used as additional controls. The reply-
dummy is also significant as a moderator for the mediation analysis. We discuss poten-
tial interpretation of the reply-dummy variable and suggest further research for the ap-
plication of such variables.
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Fra kaos til lzering? | Covid-19’s slipstrem
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Resumé

Gentagne nedlukninger af undervisningen pa universiteterne har skabt store udfordringer.
Med udgangspunkt i spgrgeskemabaserede evalueringer fra SDU og CBS ser vi pa erfaringerne
fra studerende og underviserne.

Vi finder, at de studerendes tilfredshed med undervisningen under nedlukningen var relativ,
og faldt isaer i foraret 2021. Generelt er prae-optagede videoer og quizzer blevet vurderet po-
sitivt af savel undervisere som studerende. Skal undervisningen reformeres, kraever det sale-
des en nyfortolkning af rollerne for aktgrerne i laeringsprocessen. Endelig findes det for feel-
lesfaget Mikrogkonomi, at karaktererne ikke ngdvendigvis faldt som fglge af nedlukningen pa
SDU og CBS.

Indledning

Siden starten af Covid-19 pandemien har undervisere og studerende lagt en stor ind-
sats i at designe og bruge online lzeringsaktiviteter. Selvom vi nu er vendt tilbage til en
mere normal hverdag, er onlineundervisningen i et eller andet omfang formentlig kom-
met for at blive. Allerede inden Covid-19 pandemiens udbrud blev digitale leeringsred-
skaber anset som en del af fremtiden for universiteterne, iseer i forhold til at impdega
de seneste ars stigning i antallet af studerende pa videregdende uddannelser og den
medfglgende udfordring for at skabe dialog og interaktion. Med store holdstgrrelser
er mulighederne for dialog begraenset, og de studerende bliver ofte passive modtagere
af viden frem for aktive bidragydere til leeringsprocessen. Set fra et leeringsperspektiv
er dette ikke optimalt, og det er blevet en vaesentlig udfordring for kvaliteten af under-
visningen.

Udviklingen mod hgjere brug af digitale redskaber blev accelereret i hidtil uset tempo,
da underviserne fra den ene dag til den anden matte omlaegge til online undervisning,
og vi star nu i en situation, hvor alle undervisere i et eller andet omfang har stiftet
bekendtskab med digitale undervisningsredskaber. Foraret 2020 var praeget af sakaldt
"ngdundervisning”, hvor underviserne uden de forngdne didaktiske eller tekniske
kompetencer matte omlaegge til online undervisning. Man kan sige, at kaos skabte in-
novation i brugen af virkemidler. Sidenhen har mange undervisere eksperimenteret
med forskellige digitale redskaber, sasom korte videoer, quizzer, interaktive dokumen-
ter, streaming, podcasts etc. De sidste to ar har givet et vaeld af erfaringer, som det
danske undervisningssystem ikke har haft fgr. Nu har mange undervisere muligheden
for at vaelge, hvilke redskaber de vil tage med videre i deres formidling.
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I denne artikel ser vi neermere pa, hvilke digitale redskaber der har veeret gode erfarin-
ger med, og hvordan de studerende har oplevet forlgbet med forskellig grad af online
undervisning. Udgangspunktet for resultaterne er spgrgeskemabaserede evalueringer,
som studerende afgiver i forbindelse med undervisningen, underviserspgrgeskemaer
samt karakterer i faget Mikrogkonomi. Som fglge af en identisk metodik er det muligt
at sammenligne resultater fra Copenhagen Business School (CBS) og Syddansk Univer-
sitet (SDU). Undersggelsen omfatter resultater fra HA/BA-uddannelserne pa de to in-
stitutioner. Valget er foretaget ud fra en betragtning om, at de to uddannelser er rela-
tivt ens.

Digitale redskaber i universitetsundervisningen — hvor var vi fgr Covid-19?

Inden for de seneste 10 ar har vi set en acceleration i antallet af videnskabelige artikler,
der beskaeftiger sig med teknologi og digitale veerktgjer i universitetsundervisning.
Seerligt har litteraturen udviklet sig fra at fokusere pa fuld online undervisning og Mas-
sive Open Online Courses (MOOCs) til at fokusere mere pa en kombination af online
og tilstedeveerelsesundervisning ogsa kaldet blended eller hybrid learning. Meta-stu-
dier finder generelt, at der ikke er stor forskel i laeringsudbyttet mellem online og til-
stedeveaerelsesundervisning, men at leeringsudbyttet er lidt hgjere for blended learning.
Derfor bliver blended learning ofte italesat som kombinationen af det bedste fra begge
verdner (Bernard et al., 2014; Means et al., 2013).

Med stigende optagelsestal og feerre ressourcer per studerende kan det uddannelses-
politisk veere fristende at erstatte dele af forelasningerne med online forelaesningsvi-
deoer. Et sadan effektiviseringsrationale har dog ogsa veeret med til at indgyde en vis
skepsis hos bade studerende og undervisere mod gget digitalisering og online forelaes-
ningsvideoer (Rattleff & Holm, 2009). Inddragelse af digitale lzeringsredskaber behgver
dog ikke vaere forbundet med besparelser, men giver derimod mulighed for at forbedre
eksisterende undervisningspraksisser f.eks. ved brug af Student Response Systems i fo-
relasninger eller strukturering af undervisningsmateriale via leeringsplatforme. Digi-
tale redskaber kan ogsa muligggre en gentankning af undervisningsaktiviteterne f.eks.
ved at inddrage aktgrer fra andre sektorer eller lande via video og podcasts eller skabe
plads til mere aktiverende undervisningsformer og feedback. Saerlig fokus har der vee-
ret pa det paedagogiske format, der kaldes "flipped classroom”, som bygger pa tanken
om at friggre tid i undervisningslokalet til mere aktiverende undervisning ved at flytte
den traditionelle formidling af pensum til videoer som bruges som forberedelse til den
fysiske undervisning (Bergmann & Sams, 2012).

Pa de danske universiteter og erhvervsakademier bliver der ogsa eksperimenteret med
digitale redskaber i undervisningen. Pa Erhvervsakademi Aarhus blev der fra 2014 til
2016 ivaerksat et forsgg med flipped classroom med henblik pa at gge de studerendes
motivation og leering. Konklusionen fra dette forsgg var, at ca. 50% af de studerende
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oplevede, at deres lzringsudbytte var steget. Dette var dog meget afhaengigt af, hvor-
dan den enkelte underviser implementerede flipped classroom (Ngrgaard, 2016). Pa
Kgbenhavns Universitet har der veaeret stor succes med at omlaegge kurset Econome-
trics Il til at indeholde mere aktiv leering og skabe overensstemmelse mellem lzaerings-
mal, undervisning og eksamen med brug af digitale redskaber som videoer og peer-
feedback (Tabor & Miillen, 2020). Pa Syddansk Universitet har der ligeledes veeret suc-
ces med at implementere flipped classroom for ingenigrstuderende, hvor der ogsa blev
fundet en statistisk signifikant leringseffekt i den endelige eksamen (Schmidt, 2014).

P& CBS blev der i 2018 pabegyndt en omstrukturering af faget Makrogkonomi pa HA
Almen baseret pa principperne i flipped classroom (Buhl-Wiggers, la Cour, & Kjaer-
gaard, 2022). HA Almen er et studie med over 600 studerende fordelt pa 14 gvelses-
hold. Formalet med omstruktureringen var at gge de studerendes lzering ved at skabe
mere aktivitet i gvelsestimerne. Det vil sige, at den traditionelle tavlegennemgang af
gvelserne blev lagt over pa videoer, og undervisningstiden blev i stedet brugt p3, at de
studerende arbejdede aktivt med gvelserne i grupper, mens underviseren agerede
som facilitator for grupperne individuelt. | bestraebelse pa at skabe mere kausal evi-
dens, blev denne omstrukturering som den fgrste i Danmark evalueret vha. af et lod-
traekningsforsgg, hvor halvdelen af de studerende blev undervist efter det nye format,
interventionsgruppen, og den anden halvdel efter det traditionelle format, kontrol-
gruppen. Derudover, underviste hver holdunderviser bade et flipped classroom og et
traditionelt hold, s3 man pa den made kunne justere for undervisereffekter. Eksperi-
mentet kgrte i to ar og i begge ar blev der i gennemsnit fundet en positiv, men statistisk
insignifikant effekt af det nye undervisningsformat pa eksamensresultaterne (Buhl-
Wiggers, la Cour, Franck, et al., 2022).

De insignifikante gennemsnitseffekter daekker dog over heterogenitet i effekter, som
bibringer vigtig viden. For det fgrste, var de studerende i interventionsgruppen mindre
tilbgjelige til at komme til gvelsestimerne end de studerende i kontrolgruppen. Juste-
res der for denne forskel i fremmgde, sa blev den positive effekt stgrre og statistik
signifikant, hvilket indikerer, at interventionen var effektfuld for de studerende, der
deltog aktivt, men at dette blev opvejet i gennemsnit af de studerende, der stoppede
med at komme til gvelsestimerne. Ud fra interviews med de studerende, var den stgr-
ste grund til fraveer fra gvelsestimerne, at de ikke fglte de fik noget ud af gruppearbej-
det og st@rste delene foretrak den mere traditionelle undervisning (Buhl-Wiggers, la
Cour, & Kjaergaard, 2022). Dette peger pa, at omstrukturering af undervisningen ogsa
kraever en andret studieteknik fra de studerende, som ikke ngdvendigvis reagerer med
forventet entusiasme. For det andet, viste det sig, at der var store forskelle i undervi-
sernes effektivitet mellem de to undervisningsmetoder, hvor nogle undervisere havde
en positiv interventionseffekt, mens andre havde en negativ. Dette var overraskende,
da underviserne var meget homogene ud fra observerbare karakteristika og alle havde
faet klare instruktioner omkring implementeringen (Buhl-Wiggers, la Cour, Franck, et
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al., 2022). Hvilket tydeligggr vigtigheden af at identificere hvilke nye kompetencer det
kreever at agere i et mere aktivitetsbaseret undervisningslokale.

De seneste to ar er det ikke leengere kun "ildsjaelene”, der har eksperimenteret med
digitale redskaber —derimod er alle undervisere og studerende pa landets universiteter
blevet kastet ud i at eksperimentere pa bade godt og ondt. | naeste afsnit ser vi naer-
mere pa de erfaringer, der er blevet gjort med digitale redskaber under Covid-19 pan-
demien, samt de studerendes tilfredshed og akademiske praestationer pd HA Almen-
uddannelserne pa bade CBS og SDU.

Covid-19 pandemien — et naturligt eksperiment
Pavirkningen af Covid-19 pandemien pa universitetsundervisningen kan deles op i fire
faser:

Forar 2020: Pludselig omstilling til fuld online undervisning
Efterar 2020: Forventet omstilling til delvis online undervisning
Fordr 2021: Forventet omstilling til fuld online undervisning
Efterar 2021: Ingen restriktioner — dog @ndret eksamensform

PR

I den f@rste fase var det ikke bare omstilling til fuld online undervisning, men ogsa om-
stilling til ngdundervisning, og dermed ikke en veltilrettelagt online undervisning.
Selvom nogle undervisere havde erfaringer med digitale redskaber inden Covid-19
pandemien var langt de fleste helt uforberedte, og Igsningerne matte blive ad hoc ba-
serede og improviserede. Endvidere var de studerende ogsa socialt og fagligt afskaret
fra deres studiekammerater, hvilket pavirkede deres trivsel (Jensen et al., 2020; Niel-
sen, 2021). Der er allerede lavet en raekke rapporter om nedlunkningens indvirkning
pa undervisningen i foraret 2020, som viser, at sarligt den manglende interaktion, fal-
dende motivation og opretholdelse af kvalitets undervisning var udfordrende (Jensen
et al., 2020; Larsen et al., 2021; Misfeldt et al., 2020; Nielsen, 2021).

| den naeste fase var der en omstilling til delvis online undervisning. Udover tid til om-
stilling af undervisningen, var det ogsa en vasentlig forskel, at nedlukningen kun var
delvis. Det bet@d, at den sociale isolation, som praegede den fgrste fase, var mindre i
efteraret 2020.

| den tredje fase kunne der traekkes pa erfaringerne fra den fgrste fase. Dette burde
fgre til et bedre, men ikke ngdvendigvis optimalt resultat, da undervisningen igen var
fuld online, og hverdagen stadig var praeget af social isolation og begranset interaktion
mellem undervisere og studerende.

| fjerde fase var alle restriktioner ophzevet, og det var op til den enkelte underviser, at
beslutte i hvilken grad digitale redskaber stadig skulle veere en del af undervisningen.
Covid-19 pandemien przaegede dog stadig slutningen af dette semester, hvor mange
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eksamener blev afholdt som hjemmeeksamener. Desuden havde de studerende hgjere
forventninger til undervisernes brug af supplerende digitale redskaber.

Disse faser kan hjzelpe os til at blive klogere pa, hvordan Covid-19-pandemien med for-
skellig grad af online undervisning pavirkede dels de studerendes tilfredshed og aka-
demiske praestationer og dels undervisernes brug af digitale redskaber og disses frem-
adrettede brugbarhed. Et overblik over data brugt i denne artikel ses i Tabel 1:

Tabel 1: Datakilder

Datakilde N (total) Population Data-type Periode Data brugt
Kursusevaluering, 17.995 Stude- Likert, 1-5 Efterar 2018 | Tabel 2
SDbU rende, - efterar

HA Almen, 2021
Kursusevaluering, 11.245 Besvaret
CBS
Karakterer-data, 3.106 Stude- Karakter- Efterar 2018 | Tabel 3
SDU rende, skala, 02-12 - efterar

HA Almen, 2021
Karakterer-data, CBS 3.674 bestaet
Underviser-survey 1.189 Undervi- Likert, 1-5 Forar 2020 — | Figur 1
Covid-19, CBS sere, Hele efterar 2021

CBS, besva-

ret

Online fatigue i foraret 2021

Tabel 2 viser den samlede overordnede tilfredshed pa HA Almen-studiet i perioden fra
efteraret 2018 og tre ar frem. Generelt vurderes CBS bedre end SDU over alle perioder,
mens det forholder sig omvendt med svarprocenten, der er hgjest pa SDU. | perioder
med fuld online undervisning har svarprocenten varet vigende og vurderingen lavere,
hvilket meget vel skyldes den manglende kontakt mellem undervisere og studerende.
Iseer i fase 3 i foraret 2021 havde betydelig lavere tilfredshed og svarprocent ogsa sam-
menlignet med fase 1 i foraret 2020. Dette er overraskende, da man matte formode,
at undervisere og studerende havde lzert af erfaringerne fra det foregaende ar. Samme
tendens er dog observeret pa Kgbenhavns Universitet, hvor de studerende udtrykker
stigende utilfredshed med online formatet i Igbet af foraret 2020 (Jensen et al., 2020).
Veerd at bemaerke er, at perioderne med delvis online undervisning blev vurderet pa
samme niveau som inden Covid-19, dog med lavere svarprocent som potentielt kan
skaevvride resultatet. Der er desuden en generel tendens til at studerende evaluerer
mere positivt om efteraret end om foraret.
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Tabel 2: Studerendes tilfredshed pa CBS og SDU pa HA Almen

SDU CBS
Periode Resultat Svarprocent Resultat Svarprocent
Fase 4 Efterar 2021 3.46 355 3.98 28.1
Fase 3 Forar 2021 3.29 24.8 3.56 13.6
Fase 2 Efterar 2020 3.41 34.6 3.86 26.7
Fase 1 Forar 2020 3.36 30.7 3.73 19.0
Prae Covid-19 Efterar 2019 3.69 47.7 3.94 28.3
Prae Covid-19 Forar 2019 3.42 44.6 3.76 22.7
Prze Covid-19 Efterar 2018 3.44 48.7 3.88 31.9

Noter: Egne beregninger baseret pa materiale fra SDU Analytics og for CBS: Business Information and
Analytics. Svarskala er 1-5 Likert skala. For CBS gzelder det at: Forar 2021 er statistisk signifikant lavere
end forar 2020 og forar 2019, samt at efteraret 2020 er statistisk signifikant lavere end bade efterar
2021, efterdr 2019 og 2018 (t-test, alfa=0,05).

Blandt underviserne var pree-optagede videoer mest populare

| fase 1, pa CBS, indfgrte man hurtigt streaming-vaerktgjer, videooptagersoftware samt
gget brug af Learning management-systemets funktioner, som quizzer, diskussionsfora
samt interaktive dokumenter til faelles brainstorm, m.m. | fase 2, var breakout-rooms
blevet state of the art, og dette muliggjorde summe-grupper, gvelsesgrupper og lig-
nende. Pa SDU var udviklingen meget tilsvarende. Lgbende blev poll/quiz-vaerktgjer
som Slido og Menti introduceret, og der var mindre webinars fra sommer/tidligt efterar
2020 pa CBS med introduktion til de forskellige redskaber. Da fase 3 startede i foraret
2021, var veerktgjskassen derfor rimeligt opgraderet og klar til online undervisning,
som igen blev pakraevet. Pa SDU var der en tilsvarende veerktgjskasse. Endelig kan man
sige, at der i fase 4, som var en "back to normal” var muligheder for at variere med de
nyudviklede digitale redskaber og f.eks. ggre gget brug af videoer, quizzes og lignende.

Figur 1 viser udviklingen i brug af digitale redskaber over de fire faser, samt forvent-
ningen om brug af disse redskaber i det lange Igb.
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Forar 2020 Efterar 2020 Forar 2021 Efterar 2021

32% 49% 19% 4%
Andres videoer 2% i a1% i
Streamede - 25% - 33% I 7% 24%
forelasninger ux 67% so% se%
Quizzer 41% 53% a47% 51%
Egne videoer 3% 81% 61% 63%
) aa% 52% 30% 40%
Diskussions-fora 38% 56% 45% 46%
47% 35% 41%
Delte dokumenter 52% 46% 47%

™ Hvad vil du fortszette med at bruge pé sigt?
W Hvilke digitale redskaber har du brugt under Covid-19 pandemien?

Figur 1: Undervisernes brug af digitale redskaber under Covid-19 pandemien og i

fremtiden pa CBS

Noter: Datakilde er Covid-19 experience project pa CBS (Zambach & Kjeergaard, 2022). Svarprocenter
er hhv. 60%, 35%, 28% og 25%. | foraret 2020 var spgrgsmalene: “What types of online tools did you
have experience with in teaching prior to the COVID-19 lockdown?” og “What will you continue with
using on the long run, once the COVID-19 restrictions have been lifted?” Fra Efterar 2020 og frem blev
det fgrste spgrgsmal eendret til: “What type of digital tools have you been using in online teaching last
year under several levels of COVID-19 restrictions?”. Der var ingen a@ndringer til det andet spgrgsmal.

Figur 1 viser, at der er en hgj brug af streamede forelasninger og optagede videoer af
en selv eller andre gennem de fire faser. Forventningen om, hvad man regner at fort-
saette med, er varierende. Selvom over 50% af underviserne brugte streaming under
Covid-19, tilkendegiver betydeligt faerre, at de vil fortseette med at bruge denne mulig-
hed. Til gengeeld vil over 50% fortsaette med at bruge egne videoer og quizzer. Video-
erne kan bruges som indspark til undervisningen og quizzerne kan give en mere moti-
veret tilgang til lzeringen. For eksempel ses det i efteraret 2020 at hele 81% af under-
viserne dette semester havde gjort brug af videoer, mens 68% ville fortseette med at
bruge dem. Forventningen ligger i nogle af undersggelserne hgjere end den brug der
har veeret under Covid-19 pandemien og kan tages som et udtryk for, at underviserne
i stigende grad gnsker at nuancere og variere formidlingen. Da tendensen er szerligt
hgj for foraret 2020, kan det ogsa vaere pavirket af at spgrgsmalet oprindeligt spurgte
ind til, hvilke redskaber der blev brugt fgr Covid-19 pandemien. Som med de stude-
rende ses der en online fatigue hos underviserne i foraret 2021, hvor vurderingen af
fremtidig brug af digitale redskaber er markant lavere end de andre semestre. Kun
mellem 4 og 10 procent vil dog ikke bruge nogle digitale redskaber fremover.

Spegrgeskemaerne viser ogs3, at undervisernes indstilling til fuld online undervisning er
faldende bade i fase 3 og 4 dvs. foraret og efteraret 2021. Omvendt er indstillingen til
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blended learning stigende (Zambach & Kjaergaard, 2022). Samme tendens er fundet i
en undersggelse fra Aarhus Universitet (Godsk, 2021). Dette tyder pa, at mange under-
visere har haft positive erfaringer med specielt videoer og quizzer, og at disse i et vist
omfang vil blive taget med videre i deres post-Covid-19 undervisning. Blandt de stude-
rende var szerligt videoerne populaere under den fulde nedlukning, mens diskussions-
fora, og streaming var de mindst populaere (Nielsen, 2021).

Pandemien var hard for de studerende, men de akademiske resultater var stabile
Covid-19 nedlukningen og omstillingen til online undervisning kan pavirke de stude-
rendes akademiske praestationer bade direkte via darligere og mindre undervisning og
indirekte via darligere trivsel eller mindre motivation.

Tidligere analyser har vist, at de studerende dgjede med ensomhed, manglende moti-
vation og ansd deres leringsudbytte som lavere under nedlukningen (Jensen et al.,
2020; Misfeldt et al., 2020; Nielsen, 2021). Data fra UddannelsesZoom, der udfgres af
Uddannelses og Forskningsministeriet, viser samme tendens i bade 2020 og 2021 for
b&de SDU og CBS'. Vi ved dog ikke s& meget om, hvordan deres faktiske karakterer blev
pavirket. Tabel 3, viser karaktergennemsnittene og dumpeprocenterne for Mikrogko-
nomi pa HA Almen for hhv. SDU og CBS. Overordnet set ser karaktererne meget stabile
ud over hele tidsperioden. For SDU er der en lille stigning i karaktergennemsnittene
mellem 2019 og 2020, hvor der pa CBS er et lille fald, hvor 2018 dog ligger noget lavere
end bade 2019 og 2020. En ting, der er vigtig at bemaerke er, at ikke kun undervisnin-
gen, men ogsa prgveformen, der gik fra at veere uden hjaelpemidler til at vaere hjem-
meeksamen med hjzlpemidler, blev lavet om som konsekvens af Covid-19. Derfor kan
vi ikke udelukke, at der ogsa har vaeret en &ndring af svaerhedsgraden af eksamen og
en a&ndring i bedgmmernes vurdering af besvarelserne, som underviserne selv bedgm-
mer til en anelse mildere end normal (Zambach & Kjaergaard, 2022).

Tabel 3. Karakterer for Mikrogkonomi pa HA Almen

SDU CBS
periode Resultat Dumpeprocent Resultat Dumpeprocent
Fase 4 2021 6.7 29 6.5 26
Fase 2 2020 6.8 23 6.4 29
Prze Covid-19 2019 6.2 26 6.8 32
Pre Covid-19 2018 6.4 27 5.9 33

Noter: Egne beregninger baseret pa materiale fra SDU Analytics og for CBS: Business Information and
Analytics. For CBS geelder det at karaktererne i 2018 er signifikant forskellige fra 2019, 2020 og 2021
(t-test, alfa=0,05).
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Pa trods af ad hoc lgsninger og forskellige institutionelle vilkar ser vi stort set de samme
tendenser mellem SDU og CBS. De studerendes tilfredshed faldt betydeligt i foraret
2021, mens tilfredsheden i perioder med kun delvis nedlukning var sammenlignelig
med tidligere niveauer. P& hverken SDU eller CBS ser vi nogen betydelig andring i de
faktiske karakterer i Mikrogkonomi.

Afrunding og udblik: Muligheder i Covid-19’s digitale slipstrém

Covid-19 pandemien har pa den ene side givet et gevaldigt digitalt kompetencelgft,
men pa den anden side ogsa revet teeppet vaek under bade undervisere og studerende
og dermed sat et afskraekkende aftryk i manges bevidsthed. Trods dette ser vi ogsa
tendenser til en mere positiv holdning til at kombinere digitale redskaber med tilste-
deveerelsesundervisning.

Hvis man spgrger underviserne og de studerende, sa er iseer de prae-optagede videoer
og quizzer, som med fordel kunne fortszette efter Covid-19 pandemien. Dog viser un-
derviser spgrgeskemaerne ogsa at flere fgler et steerkt pres fra de studerende, om at
fortseette med at bruge digitale vaerktgjer, streame og optage forelaesningerne (Zam-
bach & Kjaergaard, 2022). Hvilket giver anledning til nye forventningsafstemninger mel-
lem universiteterne, underviserne og de studerende samt diskussioner omkring data-
sikkerhed, rettigheder etc.

De prae-optagede videoer giver mulighed for at bruge undervisningslokalet mere pae-
dagogisk og samtidig give de studerende den fleksibilitet, som de i stigende grad efter-
spgrger. Netop samspillet med den gvrige undervisning er vigtig for at pree-optagede
videoer bliver en meningsfuld leeringsressource (Mathiasen, 2019). Forskning indenfor
gkonomiundervisning viser dog at tilgange som flipped classroom ikke altid giver den
forventede laeringseffekt (Buhl-Wiggers, la Cour, & Kjaergaard, 2022; Craft & Linask,
2020; Ficano, 2019; Wozny et al., 2018) og at udformningen af den fysiske undervisning
har stor betydning for stgrrelsen af leeringsudbyttet (Buhl-Wiggers, la Cour, Franck, et
al., 2022; Foldnes, 2016). Da de fleste undervisere primart har erfaring med forelaes-
ninger, kraever det en mental omstilling samt kompetence-opbygning til at agere i un-
dervisningslokalet, hvis forelaesning ikke lzengere er den primare undervisningsme-
tode. Foruden underviserne kraever det ogsa en omstilling af de studerendes studie-
strategier, samt nyfortolkning af roller og ansvar, hvis transformering fra forelaesninger
til aktivitetsbaseret undervisning skal lykkes.

Fremtidige muligheder for brug af prae-optagede videoer kunne ogsa veere en gget de-
ling af undervisningsressourcer undervisere i mellem. En sddan deling kan bade lette
arbejdet for den enkelte underviser med omstilling til mere aktiv undervisning, og sam-
tidig skabe mulighed for peer feedback. Dog er det ogsa vigtig med refleksion over,
hvad der sker med undervisning, nar det bevaeger sig fra at veere en serviceydelse, som

25



konsumeres samtidig med at det produceres, til at veere et fysisk produkt, som kan
deles og vurderes udenfor undervisningslokalet.

Covid-19 pandemien har sat gget fokus pa opkvalificering af undervisernes digitale
kompetencer, men for at erfaringerne fra Covid-19 pandemiens kaos kan transforme-
res til varige forbedringer af de studerendes laering kraever det kontinuert paedagogisk
udvikling, robuste effektevalueringer samt investeringer.
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Absence and Completion among students in Vocational Education
Fane Groes, Department of Economics, Copenhagen Business School, Denmark

Edith Madsen, Department of Economics, Copenhagen Business School, Den-
mark

Trondur M. Sandoy, Department of Economics, The University of the Faroe Is-
lands, Faroe Island

We analyze the effect of school absence on program completion among a group
of students in Vocational Education in Denmark. According to human capital the-
ory, being present in class and participating in class activities is an important de-
terminant of human capital formation and therefore the causal effect of absence
on educational performance is of interest. To identify this effect we use data on
daily student attendance from the administrative systems of VET schools in com-
bination with register data on ompletion and student background characteris-
tics. There is a very strong correlation between absence and ompletion. In order
to identify the causal effect of absence on completion, we introduce a new panel
data instrument for absence that uses variation over time in absence for the in-
dividual student. We have observations of absence over time but we only have
cross-sectional information on completion. Under certain assumptions, the pro-
posed instrument is independent of unobserved individual-specific fixed effects,
such as ability, that might affect both absence and completion. However, the
conditions for validity of the panel data instrument do not hold when many stu-
dents have zero absence and that is the case in the setup considered in this
presentation. In a different approach, we use certain weather conditions (rain
and wind speed) as instruments for absence. We face the challenge that there is
only little variation in weather conditions.

Keywords: Economics of Education, Vocational Education and Training, Absence,
Instrumental Variables.
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Textual Love
Text Analysis on Facebook Messenger Data
Sara Armandi, SAS Institute
1 Introduction

Unstructured text is the largest human-generated data source, and it grows exponentially
by the minute [SAS Software, 2018]. The potential knowledge hidden in these data must
not be overlooked. Unfortunately, the knowledge might seem quite inaccessible. We all
know how difficult, or at least, how time consuming, it can be to retrieve insights from a
single document. Now consider having to go through all medical reports in an entire
hospital, all insurance case notes within a given subject or messages sent back and forth
between interesting parties. This is almost impossible.

As the amount of data has increased by mind-numbing speed, luckily, so has the memory
handling capabilities and hence, the computational powers of computers. Additionally,
analytical procedures and techniques have been developed, which are brilliant when
wanting to extract knowledge from textual data. On social media like Twitter and Facebook,
text analytics is extensively used to extract patterns and detect specific behavior. This
information is among other things used to help create interventions for cyber bulling, sexual
predatory behavior, and even terrorism planning.

In this article, text analytics is used within a more pleasant topic. Instead of detecting cyber
bullying, this article attempts to investigate cyber love. Through text analytics conducted
using SAS® Visual Text Analytics, the content of 17,874 messages sent between my
husband and me, using Facebook Messenger, are examined. Different love concepts, terms,
topics, and categories are discussed to get insight into how much and in which ways our
love can be extracted by textual analysis.

2 Theory

The amount of data generated is inconceivable. Just considering the digital footprint that
we as individuals create every single day, the scope is incomprehensible. The footprint
includes digital activities, actions, contributions, and communication which are manifested
on the internet or on a digital device [TechHQ, 2018]. Considering the staggering amount
of unstructured data that is generated every day, automated software which is rapid and
consistent is critical to fully analyze text efficiently.
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2.1 Text Analytics

Text analytics helps analysts extract meanings, patterns, and structure in unstructured
textual data [Chakraborty, 2013]. In this process, software is used to read and understand
human-generated text. The software can classify, sort, and extract information from text to
identify terms and concepts, sentiment, topics, and categories. The principal object in text
analytics is a document.

A key algorithmic component of text analytics is natural language processing (NLP). The
primary role of NLP is to efficiently parse a document collection. In semantic parsing
relationships between words in a sentence is detected (e.g. it is determined whether a
pronoun is the object or subject of a verb). Through this process an important list of terms
is created, which both topic derivation, sentiment analysis, and text categorization depend
on [SAS Institute Inc., 2021, p. 1-9].

2.2 SAS® Visual Text Analytics

SAS® Visual Text Analytics (VTA) on SAS® Viya® automatically converts unstructured
data into meaningful insights. It combines the power of natural language processing,
machine learning, and linguistic rules in an end-to-end analytics framework with the goal
of creating insights from textual data. VTA is accessed through the SAS® Model Studio.
The analytical process carried out by VTA generate four main result categories: terms and
concepts obtained from a Concepts node and the Text Parsing node, sentiment from the
Sentiment node, topics from the Topics node, and categories from the Categories node. The
default pipeline created by VTA is shown in Figure 1. It contains all the nodes described
above.

Figure 1: Default SAS® Text Analytics Pipeline

3 Concepts
[ Text Parsing
{3 Categories

&) Topics B

@® Sentiment H

Source: Screenshot from SAS® Visual Text Analytics.

Currently, 33 languages are supported by VTA [SAS Institute Inc., 2022]. Luckily, Danish
is one of these languages. Of course, English is the most evolved, but Danish do support
most features. However, when running a sentiment analysis on VTA, using the Sentiment
node, the following notes are produced:
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NOTE: 2022-12-30T710:22:41.321 - Executing the task "sentiment".
NOTE: 2022-12-30T710:22:41.530 - A default sentiment model does
not exist for the language "DANISH".

One could find or create a sentiment model in Danish, however, for now, this is skipped.
Consequently, the sentiment analysis as well as the corresponding Sentiment node is to be
discussed in a future paper.

Both the Concepts and Text Parsing nodes uses NLP. Specifically, a concept is contained
within a document and can be extracted from a document. A document can have multiple
concepts, and the same concept can be represented multiple times [SAS Institute Inc., 2021,
p. 1-89]. Concepts are the entities, facts, events, or key pieces of information in the text
data. In VTA, the concepts are parsed in the Concepts node. Nine predefined concepts are
supported by the node. These include measures, persons, dates, and organizations. Custom
concepts allow the user to extract business-specific information. To add custom concepts,
the LITI (language interpretation for textual information) syntax, a powerful, flexible, and
scalable language, is used.

The Text Parsing node parses for general language elements. The NLP tools supported by
the Text Parsing node include parsing, tokenization, part-of-speech tagging, synonym
detection, and stemming.

The Topics node is one of the feature extractions nodes. With this node, NLP and
unsupervised machine learning helps reveal trends in data by automatically extracting terms
and topics that appear in correlation to each other throughout a set of documents. This
allows for quick discovery of trends in data. As an analyst, you don’t even have to know
explicitly what to look for ahead of time [SAS Institute Inc., 2022].

The last node to mention is a text modeling node. Categories are created by promoting
topics from the Topic node to categories, by specifying a category variable when assigning
roles to the project data, or by creating a new category. The node uses machine learning
and NLP to derive category rules or Boolean scripts for each category variable. Rules that
are automatically generated for category variables and for topics that are promoted to
categories are editable. [SAS Institute Inc., 2021, p. 3-40] Finally, the Categories node
allows a document to fall into more than one category.

3 Data

To get data for this analysis, | dive into my own digital footprint. On Facebook, it is possible
to request and download a copy of one’s profile information. When making a request, it is
possible to select which types of information that should be included. Further, one can
choose the date range, the media quality and the file format. The two formats are HTML

31



and JSON format. As the latter is stated to allow other services to import the data more
easily, the JSON format is selected [Meta, 2022].

3.1 Extracting Data from Facebook Messenger

As an initial attempt, | retrieved only part of my digital footprint on Facebook. The request
was made on December 1%, 2022, at 12:06 AM and included information on “Friends and
followers, Posts, Comments and reactions, Messages and more”. For this analysis, only the
Messages exchanged with other people on Messenger are of interest. The date range was
set to “All time”, implying that data ranges from the account creation date (January 5,
2008) until the date and time of the request.

The data was created as six large zip files (1.805.128 KB, 2.562.010 KB, 1.319.230 KB,
2.561.260 KB, 2.559.432 KB and 2.557.845 KB) which were available for download.
When diving into the overwhelming amount of information, only one of the zip files
contained the sent messages of interest. The messages inbox folder takes up 827 MB,
containing 1,894 sub folders, each representing a conversation thread with one or more
participants. In this analysis conversations marked as archived og filtered, as well as
message requests were excluded.

Opening a couple of the individual conversation sub folders, it is seen, that these contain a
JSON message file. It is these message files that are utilized in this analysis. Besides a
message file, the folder might also include audio-, files-, gifs-, photos- and videos-
conversation content sub folders. Hence, the conversation content sub folders show the non-
text part of the messages sent between the participants in a conversation. These could be of
interest but are not investigated any further in this paper.

3.2 Facebook Encoding Issues

To import the data into a SAS environment, the SAS 9.4 (Unicode Support) application is
used, as this supports the UTF-8 encoding, which is also the default encoding of the JSON
files. Not using the Unicode version of SAS will result in errors like:

ERROR: Some character data was lost during transcoding in the dataset
XXX. Either the data contains characters that are not
representable in the new encoding or truncation occurred during
transcoding.

The messages contain a lot of characters which are difficult to handle and not supported by
the default WLATINI encoding used in “regular” SAS 9.4 applications.

Even when using the Unicode supported application, which allows for multilingual
computing, there are still a lot of characters which cannot be displayed in a proper way.
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Apparently, Facebook download data is incorrectly encoded as the original data is UTF-8
encoded but was decoded as Latin-1 instead [Stack Overflow, 2018]. A mojibake €!

The largest problems occur in connection with emojis. Emojis are very frequently used in
the messages sent using Facebook Messenger. To fully understand the meaning and the
sentiment of messages, emojis are important. The unprocessed data doesn’t show which
emoji is sent, just that “a” emoji is sent. Unfortunately, this does not help a lot, as emojis
can differ quite a lot. In further analysis, one could fix the bad encoding. However, in this
analysis the bad encoding is disregarded and hence, the emojis are not considered.

In the context of emojis, it should also be considered that the development and the use of
emojis has changed a lot over time [Emoji Timeline, 2022]. Additionally, the way people
use emojis might differ quite a lot [BuzzFeed, 2022].

3.3 The Large Dataset

Disregarding the encoding issues, the JSON data is imported to SAS. The combined dataset
contains 143,271 observations. Hence, 143,271 messages have been sent in the period from
January 14™, 2008, to November 30, 2022. The first message was sent at 10:19 PM by my
high school friend Caroline Hansson, and the last was sent at 10:22 PM by my brother-in-
law, Esben Scriver Andersen.

The 143,271 messages are divided on 1,894 different conversations. Some conversations
are one-to-one (me and one other person messaging to each other), others are group
conversations. In total, there are 1,370 unique sender names represented in data. One of
these senders is of course me, accounting for 65,252 of the messages, corresponding to
45.61 percent of all messages. My husband has sent 7,949 messages, which is 5.56 percent
of the total number of messages, and hence, the person out of all 1,370, who has sent most
messages to me.

Figure 2 shows the number of messages sent by date. It is clear, that Facebook Messenger
was only sporadically used until 2011. In the years between 2011 and 2015, the messages
exploded. Especially on June 22", 2013, (cf. Table 2 in Section 3.4) the number of
messages reached a maximum. After 2015 the number of messages has found a relatively
stable level.
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Figure 2: Frequency of Daily Number of Messages Sent (and Received)
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Source: Output from PROC SGPLOT with SERIES statement, SAS® 9.4.
Note: There is a break in the y-axis from 580 860 in order to compress the view of the line plot.

When looking at the numbers in

Table 1, the observed picture in

Figure 2 is reinforced. The maximal number of messages sent during the 2011-2015 period
catches one’s eyes — 874 messages sent on a single day. It is worth noting, that regular text
messages (SMS) were way more common in the early years (of the ones considered in this
analysis). Now, Facebook Messenger covers almost the entire need for textual messaging.
However, now and then, this changes.

Table 1: Descriptive Statistics of Daily Number of Messages Sent
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Years Number of Days ~ Mean Std Dev Min Max

2008-2011 328 4.09 4.38 1 31
2011-2015 1,262 4491 71.00 1 874
2015-2023 2,826 30.17 22.49 1 192
All 4,416 32,44 43.27 1 874

Source: Output from PROC MEANS, SAS® 9.4,
Note: The Number of Days column shows the days where at least one message
has been sent.

In the dataset, there are quite a few blank observations. These observations correspond to
messages which might contain pictures, files or other of the extra conversation content
discussed above in Section 3.1. These blank messages are neither deleted nor handled, but
just kept as they are, as they represent some kind of interaction.

Further, all messages are grouped into different types. The most frequent type in the data is
Generic, which accounts for almost 97 percent of the messages. These are “regular” text
messages or blank observation. In total 2,320 of the messages are of the type Call, with the
first call from Facebook Messenger being conducted on July 21%, 2013. The 2,320
observations should have been removed, but in this analysis they have not.

The dataset created is quite large, mainly due to the Content variable. This variable contains
all the content of the messages sent. The length of the variable is in SAS set to 9,736, which
is necessary, as this is the number of digits used in the longest message sent. Only in this
way truncation is avoided and no text is lost. This results in all values of the Content taking
up the space of 9,736 digits, even though, in reality, they might be blank or just contain a
single or two digits. In total, the large dataset ends up taking 1,389,024 KB.

3.4 Data Sent to and From My Love

Due to the intention of this paper, only part of the data is used®. A scenario where the
occurrence of cyber love is investigated across all conversations seems a bit risky to the
analyst. Hence, the data considered is limited to the messages sent between me and my
hushand, Sgren. It is worth noting, that Seren hasn’t been my husband throughout the entire
period. Further, the use of other (textual) communication forms have also been used, e.g.,
SMS, but in this paper, we focus on messages sent using Facebook Messenger.

Table 2: Descriptive Statistics of Message Dates

Years Min Max Mean Median Mode

! Additionally, SAS® Viya for Learners, which is used to do the analysis, only allows dataset less than 100 MB to be
uploaded on the platform.
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All Messages 14JAN2008 30NOV2022  17JUL2016 22AUG2016 22JUN2013
Sgren Messages  23DEC2013 30NOV2022 | 20APR2019 15NOV2019 19FEB2014

Source: Output from PROC MEANS, SAS® 9.4,
Note: The Saren Messages row are the dates when messages were sent to and from my
hushand, Sgren

Considering only the private conversation between my husband and me (group
conversations have been deleted), we have sent 17,874 messages back and forth. As seen
in Table 2, the first message was sent on December 237, 20213, at 8:38 PM. The last
message is form November 30", 2022, at 3:02 PM. When comparing the mean and the
median in Table 2 it seems as if the distribution of the messages is left skewed, as the
median exceeds the mean. However, when plotting the daily number of messages sent the
distribution is closer to uniform in the years between 2016 and 2023. In 2014 the frequency
is enormous and in 2015 it is very limited (cf. Figure 3 in Section 4.1).

To access the dataset in SAS® Viya® for Learners, the dataset is divided into two chunks,
so the individual datasets does not exceed the 100 MB limit. However, after uploading the
dataset to the Viya platform, it is easy to recreate the original dataset with all messages sent
between my hushand and me. In SAS® Viya® for Learners, the SAS® Studio application
is available and is used with the following code:

data message.final soeren;
set message.final soeren 1 message.final soeren 2;
run;

proc contents data=message.final soeren;
run;

4 Results

The initial results are clear. | have sent a total of 10,585 messages to my husband in our
private conversation. He has only sent 7,289 messages. There can be no doubt, | love my
husband more than he loves me. In this analysis we utilize the power of text analytics, and
hence, more sophisticated results are presented below.

4.1 The Concept of Love

To get insights into the text, the concept of love is created. When defining the concept,
words and phrases which are associated with love are extracted. Basically, this corresponds
to reading through ALL messages and highlighting each time one of the words or phrases
in the list appear. Often definitions or explanations of text analytics are influenced by the
environment of the person who does the analysis. In this case, I, the analyst, have quite
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good insights in what is contained in the text of interest as | have written most and read all
messages. Based on this knowledge combined with extensive thinking and rapid and
superficial discussions with my husband, the concept is defined using words or phrases that
we use to express love through messages to one another. The concept is defined using the

following rules:
CONCEPT:elske@
CLASSIFIER:elskede
CLASSIFIER:love you
CLASSIFIER:amo
CLASSIFIER:quiero
CONCEPT:du er dejligQ@
CLASSIFIER:dejligste
CONCEPT:du er sgd@
CLASSIFIER:sgdeste
CLASSIFIER:kys
CLASSIFIER:<3

Of the 17,874 messages, 1,450 contains at least one of the keywords from the love concept.
In total, 1,790 concepts are found, resulting in an average number of matches per document
of 1.23.

When looking at the individual keywords in the concepts, “elsker” is most frequently used
as it appears in no less than 485 different messages. This is closely followed by the keyword
“kys”, which is found in 483 messages. The phrases “du er sed” and “du er dejlig” are in
total written in 80 different messages. In Figure Al in Appendix a word cloud of the
frequency of the keywords is shown. Note that the words in this plot are case sensitive. The
vertical line, |, between the keywords indicate that the words appear in the same message.

To get a better understanding of the usages of the love concept, the frequency of messages
is shown in Figure 3. The top row shows how all 17,874 messages are divided on the
different dates. The bottom row is the frequency of messages that contains the love concept
by date. The plot shows, that the amount of love is expressed in conjunction with the overall
number of messages sent. In periods where more messages are sent, more love is sent as
well. Itis clear from Figure 3 that most love was sent in the beginning of the initial messages
sent using Facebook Messenger. This period was, believe it or not, also the beginning of
the relationship between me and Sgren.

Figure 3: Frequency of Messages Sent by Date and Messages with Love Concept
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As the frequency of messages has found a steady level, so has love. In the past two or three
years, textual love is rarely expressed more than twice a day, and in some periods, there is
no love at all.

A pressing question can not be avoided any longer: “Who loves the most”. According to
the results in Figure 4, the answer is clear. When dividing the 1,450 messages that contains
the concept of love, I have sent only 661 of these messages, whereas my loveable husband,
Saren, has sent 789. | am sure, that one reason for this surprising result is that love expressed
by emojis are not considered. Had they been part of the analysis the result might have
looked different (or maybe not).

Figure 4: Frequency of Love Concept by Sender
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Source: Result from Transactional Output Data from Concepts node in SAS® Visual Text Analytics,
processed in SAS® Visual Analytics.

4.2 The Love Term

Diving deeper into love, it is possible to investigate the different terms used in the messages.
Automatically, VTA drops 10,584 from the analysis, as they are on the default stop list
(words like “i, og, den, at, s, til, osv.) and are used in less than four messages. On the other
hand, 2,275 terms are kept, as they seem relevant for the analysis, or if they are part of the
concept rule. The most frequent term throughout all messages is “jeg” (containing both
“jeg” and “mig”) which is used 5,463 times in 3,878 different messages. In comparison,
taking a look at one of the most love expressing terms “elsker”, this is found in 483 different
messages and is used no less than 488 times.

Figure 5: Term Map for Term “elsker”
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Source: Result from Text Parsing node in SAS® Visual Text Analytics.
The term “elsker” is depicted in the term map above in

Figure 5. The term map is useful to identify associations between different terms. The
thickness of the connector between the terms “elsker” and “dig” is an indication of the
relative information gain which estimates the strength of the association. Hence, as the
association is strongest between these two terms. What is interesting is that “elsker” is often
associated with undefined characters. These are most likely some kind of emoji that
expresses love (However, which emojis are unclear, cf. Section 3.2). Further, “elsker dig”
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is associated with “seng” and “sevn”, terms used when it’s time to go to bed. Hence, love
is expressed right before bedtime.

4.3 Love as a Topic

When considering natural groupings of important terms that are specific to particular
messages, SAS® is able to automatically derive topics. A total of 14 different topics are
suggested. The automate topic which is most love-like is the sixth most frequent one. This
topic is related to a total of 1,384 different messages. The default name of the topic is “+dig,
+elsker, kys, +jeg, +du”, which are also the five most relevant terms in the topic. The first
term has a relevancy score of 0.728 and the last of the five has a relevancy of 0.104. Of the
2,275 terms which (as noted in Section 4.2 above), 34 are matched with the topic. The
relevancy of the score can also be negative, meaning that these term should not appear in a
message for the message to fit to the topic.

To underline, that “elsker” is one of the most important terms, this is promoted to a topic
in this analysis. The new “+elsker” topic is named only by the term used to create the topic.
However, the number of terms relevant for the topic is 269, with the term “elsker” having
the highest relevancy score of 1.0 (as this is an exact match and the term itself). In total, the
custom created “+elsker” topic is assigned to 3,415 messages. This implies that a few more
messages than implied in the results above might contain love. Love that wasn’t captured
by the defined love concept. These messages can be examined in more detail, as they are
listed in VTA and are provided with a relevancy score. The score implies how well the
message belongs to the topic.

Figure 6: Frequency of “+elsker” Tobic by Sender
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Source: Result from Topics Output Data from Topics node in SAS® Visual Text Analytics,
processed in SAS® Visual Analytics.

Using the new and improved love identifier, the picture as described in Section 4.1 changes.
From Figure 6 it is clear, that | am suddenly the one sending more love. The picture is the
same, when plotting the “+dig, +elsker, kys, +jeg, +du” topic. In this case, | am responsible
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for 788 of the love messages, and my hushand only accounts for 602 messages which have
been assigned this love topic.

Both topics are promoted to categories. A category identifies a group of messages that share
a common characteristic. The definition is based on the terms included along with its
relevancy. When considering the default topic “+dig, +elsker, kys, +jeg, +du”, the
following Boolean rule was used to create the category:

(OR, (AND, (OR,"elske","elsker")), (AND, (OR,"dig","digdé"),"kys"), (AND, (NOT
,"sendte"), (NOT, "sendt"), (NOT, "han"), (NOT, "ham"), (OR, "digdé", "dig")))

Now even more matched messages, in total 1,516, are found in data. Correspondingly, the
category created by promoting the “+elsker” topic is also represented in way more
messages, hamely 4,529. The increased numbers are due to the definitions of the category
rules, which are loosened compared to the topic.

When looking at who sends most love when considering the new categories, ones again, |
am expressing most love in the messages | send. In the case of the “+dig, +elsker, kys, +jeg,
+du” I’m sending 918 messages as opposed to 598 sent by Saren. Also when considering
the “+elsker” category, I send most love with 2,621 compared to 1,908 lovely messages.
One reason to why | have suddenly exceeded Sgren by quite a lot is that the overall number
of messages sent by me are slightly overrepresented in data. Hence this influences the text
analytics models runned by VTA.

4.4 The Language of Love

It is no surprise that my hushand and | have different ways of expressing ourselves in text.
As the variable sender_name, which indicates whether a message is sent by my husband or
me, is assigned the category role in VTA, the Categories node is able to provide interesting
insights. For a category variable Boolean rules for each sender is derived. Investigating the
script, it is possible to see how the difference in messaging is perceived by the software.

When comparing the category Boolean rules for the category definition for my hushand
and me, it is conspicuous how the code created to categorize messages sent by me contain
only very few love related terms, cf. Note A2 in Appendix. In comparison, the script derived
by the software for the category definition for my hushand is given by:

(OR, (AND, (OR,"tigeren","tigerd","tigre","tiger")), (AND, (NOT, "uendeligt"
), (NOT, "uendelig"), (NOT, "helst"), (NOT, "helt"), (NOT,"hel"), (NOT,"="), (NO
T,"alle"),"kys"), (AND, "haha"), (AND, "tumling"), (AND, (OR, "mener", "men")),
(AND, (OR,"iga","igar")), (AND, (OR, "kue","ku")), (AND, (NOT,"="), (NOT,"3"),
(OR,"cca","ca")), (AND, (OR, "godt elskede", "god elskede")), (AND, (OR,"lgd"
,"lyder","lyde")), (AND, (NOT,"a"), (NOT,"8"), (NOT,"jeg"), (NOT, "mig"), (OR,
"dejligste", "dejlige", "dejligt", "dejligst", "dejligere", "dejlig"), (OR,"g
od", "gode", "godt")), (AND, (OR, "stress","stresse")), (AND,"jad"), (AND, "mob
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il"), (AND, (NOT,"a"), (NOT, "siddet"), (NOT,"sidder"), (NOT, "siddende"), (NOT

,"sad"), (NOT, "sidde"), (NOT,"os"), (NOT,"vi"), (NOT,"&"), (OR, "veje", "vejer
", "vejede","vej")), (AND, (OR, "bandit","banditter")), (AND, "pipperen"), (AN
D, (OR,"fyre","fyrene","fyr")), (AND, "je"), (AND, "ca"), (AND, (OR, "pusling",
"puslingen", "puslinge", "pusli")), (AND, "mindre"), (AND, (NOT,"&"), (NOT,"3"
), (NOT, "jeg"), (NOT, "mig"), (OR, "god", "gode", "godt")), (AND, "fuck"), (AND,"
2"), (AND, "ogsa dig"), (AND,"st"), (AND, "nudé"), (AND, (OR, "chicka","chick","
chickas")), (AND, (OR, "den", "dend", "detd")), (AND,"digd"), (AND, (OR, "smukt"

, "smuk", "smukke")), (AND, "stakkels dig"), (AND,"ish"))

Even though this script is shorter, it contains more terms that could be related to love
expressing.

The above script might show a pattern which is useful to categorize the messages when
new data is retrieved. From Table 3, the precision is given by the two categories of the
sender_name variable. Categorizing messages as if they were sent by me is a lot more
precise than categorizing messages sent by my husband. Besides, that | might be more
consistent in my writing, the larger precision might also be due to the fact, that messages
sent by me is overrepresented in data compared to messages sent by my husband, cf. Section
3.4.
Table 3: Precision and Misclassification of Messages

Number Matched Minimum False  False  True

Sender_Name Precision . L . o L
- Messages Messages Misclassified Negative Positive Positive

Sara Armandi 0.7572 10,585 7,635 2,950 4,804 1,854 5,781

Sgren Peter Andersen 0.5763 7,289 3,484 3,805 5,281 1,476 2,008

Source: Results from Categories node in SAS® Visual Text Analytics.

Note: The column Precision indicates how well the category rule performs. Number of Messages is the
number of messages actually sent. In the column Matched Messages, the number of messages
which have been classified by the respective sender name, using the belonging Boolean rules are
given. Misclassified is the minimum number of misclassified messages.

5 Conclusion

Love is in the air, traveling like radio-wave communications signals from one Facebook
Messenger account to another. This is clear by the analysis, which shows that a total of
1,450 messages contains one or more of the concepts defined in the custom specified love
concept. The love concept consists of words and phrases used by my husband and me to
express love. Love was most frequently expressed (at least through Facebook Messenger
text messages) in the early stages of our relationship. The last couple of years, love has
found a steady level and is expressed on average in one or two messages a day.

Surprisingly, the initial analysis considering the custom created love concept shows that
my husband, Sgren is the best at expressing his love in text messages. Also, when looking
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at the category Boolean rule for the sender name variable (which indicates whether a
message is sent by me or my husband), my husband seems to be categorized as the one who
is using most love related terms. When diving deeper into the facets of text analytics, the
primary sender of love changes. According to both topics and categories created by the
VTA software, | account for most messages sent with love related content.

To make sure, that the love will keep on flying back and forth in messages between my
husband and me, the conclusion must be, that we both love each other — even though,
overall, I have sent almost 45 percent more messages to my husband than he has sent to
me. So maybe | love Sgren 45 percent more than he loves me?!
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Appendix

Figure Al: Word Cloud of Love Concept Keywords
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Source: Result from Transactional Output Data from Concepts node in SAS® Visual Text Analytics,
processed in SAS® Visual Analytics.
Note: The words in the word cloud are case sensitive. The vertical line, |, between the keywords
indicate that the words appear in the same message.
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Note A2: Category code created to categorize messages sent by me

(OR, (AND, "u"), (AND, (OR, "minutter","minuts", "minut", "minutters")), (AND, (OR, "dayoa", "dayo
")), (AND, "okay"), (AND,"8", (OR,"jeg", "mig")), (AND,":p"), (AND, (OR, "sisseld", "sissel","sis
sels")), (AND, (OR, "cykel","cykle", "cyklerne", "cykeld", "cyklen", "cykler", "cyklerd"),"d"),
(AND, (NOT, "godt"), (NOT, "god"), (NOT, "gode"), (OR, "haft", "har", "havde", "have"),"d"), (AND, "
vedheftet fil"), (AND, (NOT,"cca"), (NOT,"ca"), (NOT,"kys"), (OR, "forsgger", "forsggt", "forsg
get","forsegte", "forsgge"), (OR, "jeg", "mig")), (AND, "glip"), (AND, "hmm"), (AND,"jeg"), (AND,
"omkring"), (AND, (OR,"skate", "skatd", "skat",6 "skatte")), (AND, (OR,"fhtz","fht")), (AND, "for
habentlig"), (AND,":0"), (AND, (NOT, "god"), (NOT, "gode"), (NOT, "godt"),"d"), (AND, "called"), (
AND, (NOT,"tigeren"), (NOT,"tiger"), (NOT,"tigerd"), (NOT,"tigre"), (NOT,"haha"), (NOT,"k1l"),
(NOT, "kys"), (NOT, "tur"), (OR, "mig","jeg"), "meget"), (AND, (NOT, "tigeren"), (NOT, "tiger"), (N
0T, "tigerd"), (NOT,"tigre"), (NOT,"k1l"), (NOT, "kys"), (NOT, "tur"), (OR, "mig","jeg"), (OR, "sav
net", "savner", "savne", "savnede")), (AND, (NOT,"tiger"), (NOT,"tigre"), (NOT, "tigerd"), (NOT,
"tigeren"), (NOT,"haha"), (NOT,"k1"), (NOT, "kys"), (NOT,"tur"), (NOT, "men"), (NOT, "mener"), (O
R, "maxi", "max", "maxd"), (OR, "mig","jeg")), (AND, (OR, "flottest","flot", "flottere", "flottes
te","flotte")), (AND,"&"), (AND, "faktisk"), (AND, (OR, "formentligt","formentlige","formentl
ig")), (AND,"d."), (AND,":d"), (AND, "yes"), (AND, "igen"), (AND, (OR, "telefonen", "telefon", "te
lefoner")), (AND, (OR, "kgrte", "kgre", "kgres", "kgrer", "kort", "kgrende") ), (AND, "maxa"), (AND
,"sadan"), (AND, (OR, "cykel","cykler","cyklerne", "cykle", "cyklerd", "cykeld", "cyklen")), (A
ND,"aller"), (AND, (OR, "here", "her", "herd","hera")), (AND, (OR, "videochatten", "videochat"))
, (AND, (OR, "var","varer","varerne")), (AND, (NOT,"tigre"), (NOT, "tigerd"), (NOT,"tigeren"), (
NOT, "tiger"), (NOT, "haha"), (NOT,"k1"), (NOT,"cca"), (NOT,"ca"), (NOT, "kys"), (NOT, "tur"), (OR
,'mig", "jeg")))
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Faktoranalyser pa mange ESS runder
Hans Bay & Anders Milhgj
hba@at.dk

anders.milhoj@econ.ku.dk

Faktoranalyse

| en faktoranalysemodel betragter man n stokastiske variable X, .., Xn med middelveerdi

k
xi =Y bijfj+ei
i=1

0, som man forsgger at forklare ved farre (k < n) latente faktorer fi, .., fi; eller pd ma-
trixform blot X = BF + E. Restleddene e, .., e, antages uafhangige, sa de fxlles faktorer
i modellen forklarer al samvariationen, korrelationerne, mellem de observerede variable
X1, .., Xn. Modellens parametre er alle koefficienterne bij samt varianserne pa restled-
dene. Det er ngdvendigt at palaegge parametrene visse restriktioner for at modellen bli-
ver veldefineret, fx antages at f-erne er standardiseret med varians 1, og at f-erne er
uafhangige. Imidlertid er antagelsen om uafhangighed ikke ngdvendig i den forstand,
at det er muligt at gange og dividere med samme ortogonale matrix A mellem matricerne
B og F i matrixligningen, uden at modellens forklaring af X-erne @&ndres. Ved at valge
et fornuftigt A kan man dermed opna en bedre fortolkning af modellen ved at tillade
korrelerede faktorer. Det sidste kaldes en rotation, hvor vi i dette indleeg benytter pro-
max rotationen.

Modellens parametre kan estimeres ud fra N observationer af den n-dimensionale vektor
X = (X1, .., Xn). Ud fra de estimerede parametre kan man estimere faktorerne, kaldet at
score faktorerne, som betingede middelvardier givet de observerede x-er.

Faktoranalyse pa tidsraekker

Hvis x-erne er observeret til tid t = 1, ..,T, kan der opstilles faktoranalysemodeller for
hvert tidspunkt t, s3 modellen for Xii ,i=1.,nogt=1,..,T bliver

iz
T = Z hil_iftj + F

=1

for hvert t.
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| dette generelle udtryk kan de enkelte dele opfattes som tidsraeekker pa forskellige ma-
der, idet dog restleddene e, t= 1, .., T for hvert i opfattes som afhaengige med middel-
veerdi 0, dvs. som en hvid stgj i tidsreekkeforstand.

¢ Man kan estimere pa det samlede datamateriale ved at opfatte dataseettet som mange
observationer af de n variable, dvs. negligere at de er observeret pa forskellige tids-
punkter. Derved kan N: endda vare 1.

o Man kan estimere faktormodellen for hvert tidspunkt, t, for sig og se, hvordan de
scorede faktorer f; i modellen med ens faktorloadings byj = bjj udvikler sig over tid.
Det kreever selvfglgelig, at antal observationer for hvert tidspunkt, N: er stort nok,
dvs. i hvert fald langt sterre end 1.

o De observerbare X kan opfattes om en n dimensional tidsreekke, der fx. kan model-
leres ved en vektorautoregressiv model. Det kraver, at antal observationer N er 1.
Men det negligerer jo faktoranalyserne helt.

o Faktorerne Fy kan opfattes som en k dimensional tidsreekke, der fx. kan modelleres
ved en vektorautoregressiv model og samtidigt opfatte koefficienterne byj som kon-
stante over tid, dvs. samme loadings hvert t. Dette er den dynamiske faktormodel,
hvori Nt kan veere 1.

o Koefficienterne byj kan opfattes som en nk dimensional tidsraekke, der fx. kan mo-
delleres ved en vektorautoregressiv model, men nk er ofte for stor, til at det er brug-
bart i praksis.

Trustvariablene for England - en faktor

| dette eksempel anvendes 6 ’trust’-variable p& data indsamlet i England. Disse trust
variable bestar af 6 spargsmal, som alle er stillet pa en skala.

No trust at all Complete trust
1 2|/3]4|/5[/6/7]8]9]10

Trstep: Trust in the European Parliament

Trstlgl: Trust in the legal system

Trstplc: Trust in the police

Trstplt: Trust in politicians

Trstprl: Trust in country's parliament

Trstun: Trust in the United Nations
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Disse variable er inkluderet i runde 1 — 9 i ESS, dvs. at det er en meget kort tidseekke
med T = 8. Derimod er antal observationer pr. runde hgjt med Nt mellem 1586 og 2052.

En faktoranalyse med en enkelt faktor pa alle trust variablene estimeret for alle runder
samlet giver modellen, som er vist i Figur 1.

0.51
Yy N
trstigl

1
0.67
Y X
trstplc

0.32
Y X

3 trstprl

0.49
¥ N
trstep

028
h N\ a ¥ ‘

N trstplt

. 0.58
VAR

trstun

Figur 1. Faktoranalysen med en faktor

Faktormodeller med en faktor estimeret for hver runde for sig

Nar faktoren scores og dens gennemsnit beregnes for hver runde for sig, bliver gennem-
snittene som vist i Figur 2.
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Figur 2. Den scorede faktors gennemsnit for hver runde
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Den scorede faktor er estimeret som standardiseret med gennemsnit nul og varians en,
nar der estimeret for alle observationer i alle runder under et. Da gennemsnittene er
beregnet for mange personer - mellem 1586 i runde 2 og 2052 i runde 4, antager gen-
nemsnittene veerdier teet ved nul.

De er meget markant, at faktorens veerdier stiger med &rene, mens den takkede form
tyder pé en negativ autokorrelation, sa tilliden gar skiftevis op og ned fra runde til runde.

Ser man pé faktorloadings, nér faktoranalysen estimeres for hver runde for sig, bliver
billedet naturligvis mere kompliceret; se udviklingen i Figur 3. Disse faktorloadings er
angivet pd diagrammet i Figur 1 for den samlede analyse, men de har altsd andret sig
noget fra runde til runde.

Figur 3 viser, at faktorloadings har varet nogenlunde stabile over arene, sa faktoranaly-
sen virker stabil i tid. Det mest markante er, at loadings for trestep og trstplt er dalet
mens loadings for trstigl og trstprl er steget. Men det er jo ikke, fordi de pageeldende
variable er steget - det er snarere et mal for, hvor meget variablene hanger sammen med
de gvrige variable.
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Figur 3. Gennemsnit af faktorloadings for hver runde

Trustvariablene for England - to faktorer

Resultatet af en faktor analyse med to faktorer pé alle trust variable estimeret for alle
runder er vist pa Figur 4, mens Figur 5 viser gennemsnittene de to scorede faktorer for

hver runde for sig af.

50



Pa Figur 5 ses, at faktor 1 udvikler sig som faktoren estimeret i modellen med kun en
faktor - den er ogsa som faktor stort set identisk med den ene faktor i en simplere mode.
Faktor 2 stiger markant - det er faktoren for tiltro til politi og domstole.

Figur 5. Faktor 1 og 2 scoret pa det samlede datamateriale
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Faktormodeller med to faktorer estimeret for hver runde for sig.

Ser man pa faktorloadings, nar faktoranalysen estimeres for hver runde for sig, bliver
billedet som vist pa Figur 6. Visse ar er Heywood tilfzelde, sa loadings antager veerdien
en. Figur 7 viser korrelationen mellem de to faktorer; det ses, at den dykker i 2006 med
ellers har steget de senere runder.

Figur 6. Faktorloadings pé faktor 1 og 2, nar de scores pé hver runde for sig

e - 100 n »

Trstplte~ e —— —— / ! .

——

08 Trstigl e, o
Trstprie— =~ — / / \ /
e N / \ /
Trstep 0754 / /
X X
/ A \ /

//“h\

Trstplcd

~
Trstune” L \\ e /\\

trstep

J
trstep

Trstplce, [/

Trstigl®
0

o « 000 Trswlte”

2004 2006 2008 2010 2012 2014 2016 2018 2004 2006 2008 2010 2012 2014 2016 2018

round round

51



Figur 7. Korrelationen mellem de to faktorer
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Dynamisk Faktoranalyse med en faktor

En dynamisk faktoranalyse kan estimeres med Proc SSM i SAS, men dataseettet er for
stort, til at PC’en kan klare det. Derfor er estimationen foretaget pa en tilfeeldig indsam-
let stikprgve pa 500 respondenter fra hver ESS runde — i alt 4000 respondenter.

Modellen er lidt anderledes end i en faktoranalyse, hvilket enklest beskrives ved at stille
de seks ligninger op

trstprl = intl+f+wl;

trstlgl = int2+f,f+w2;
trstplc = int3+63f+w3;
trstplt = int4+p4£f+wéd;
trstep int5+Bs5f+w5;
trstun int6+Bsf+w6;

I disse ligninger er int1-int6 parametre, der leegges til den latente faktor f. Denne
latente faktor er normeret til at have en udvikling svarende til den faorste variabel
trstpl, fordi den ikke ganges med en parameter, et 3;, mens de gvrige trust-variable
ganges med et 8. Restleddene w1-w6 er normale restled i regressionsmodeller.

Figur 8 viser den estimerede latente faktor estimeret som en tidsraekke, der er modelleret
som en hvid stgj. Figuren er sddan set magen til Figur 2; men det nye er, at der er sik-
kerhedsgraenser, sa det kan ses, at endringerne i faktorens veerdier fra runde til runde
faktisk er vaesentlige. Desuden er faktoren plottet ud fra et udgangspunkt pa nul i 2004,
sa veerdierne de efterfalgende ar skal ses relativt til dette udgangspunkt. P4 neer det lille
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fald fra 2004 til 2006 er der en tydelig opadgdende tendens dog med takker. De seks
observerede variable er forskudt i forhold til faktorens veerdier med forskydninger som
vist i Tabel 1.

Figur 8. En faktor estimeret som en irregular proces
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Tabel 1. Parameter estimater

Response Estimate Std error t Value Pr > [t|
trstprl 4.11 0.0445 92.30 <.0001
trstigl 4.97 0.0801 62.09 <.0001
trstplc 5.98 0.0659 90.70 <.0001
trstplt 3.38 0.0380 89.06 <.0001
trstep 3.40 0.0376 90.35 <.0001
trstun 4.88 0.0450 108.47 <.0001

Regressionskoefficienterne g; er vist Tabel 2.
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Tabel 2. Parameter estimater

Parameter Estimate Std error t Value
beta2 3.081 1.3259 232
beta3 2363  1.0419 2.27
betad 0.588  0.4460 1.32
beta5 -0.158 0.4377 -0.36
beta6 1.034 0.5914 1.75

Udviklingen i TRSTEP (=trust in the European Parliament)

Der er jo sket i England i den arreekke, hvor analyserne blev foretaget. Indsamlingerne
af data sker om efteraret. S i 2016 er indsamlingen foretaget efter Brexit, da afstemnin-
gen foregik den 23. juni 2016.

Trust in European Parliament

3,4
33
3,2
31

3
29
28

2002 2004 2006 2008 2010 2012 2014 2016 2018

Man bemarker en nedadgdende trend fra 2008 til 2014. Faktisk var “trusten” til Euro-
parlamentet den laveste i ar 2014. En voldsom stigning skete umiddelbart efter afstem-
ningen om Brexit.

Efter Brexit afstemningen i 2016 blev der fglgende spargsmal ogsa stillet:

“Would vote for XXX to remain member of European Union or leave” (dette spargsmal
er ogsa stillet I England). Spergsmalet blev stillet i alle EU’s medlemslande, deraf de
fire X-er. Skalaen var
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Would
Remain a mem- | Leave the | Would sub- | spoil the | Would  not | Not eli-
ber of the Euro- | European | mit a blank | ballot pa-|vote in EU | gible to
pean Union Union ballot paper | per referendum | vote

I figuren er vist den procentvise fordeling for dette spargsmal.

60,0

50,0

remain member of EU or leave

remain

leave

= 2016 m2018

54,7
471 47,3
40,0 38,1
30,0
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10,0 56
00 [ |

73

blank

Man kan notere sig, at der | 2018 var et klart flertal for at forblive | EU.
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Can life events predict first-time suicide attempts?
A nationwide longitudinal study

Mogens Christoffersen, VIVE

Abstract

The prevention paradox describes circumstances in which the majority of cases with a sui-
cide attempt come from a population of low or moderate-risk, and only a few from a ‘high-risk’
group. The assumption is that a low base rate in combination with multiple causes makes it
impossible to identify a high-risk group with all suicide attempts.

Administrative registers were used to identify a group at higher risk of suicidal behaviour
within a population of six national birth cohorts (N = 300,000).

Lifetime prevalence were 4.5% for first-time suicide attempts. Family background and fam-
ily child-rearing factors were predicative of later first-time suicide attempts. A young person’s
diagnosis with psychiatric or neurodevelopmental disorders (ADHD, anxiety, depression,
PTSD), and being a victim of violence or sex offences contributed to the explanatory model.
Contrary to the prevention paradox, results suggest that it is possible to identify a discrete high-
risk group (<12%) among the population from whom two thirds of all first-time suicide attempts
occur, but one third of observed suicide attempts derived from low- to moderate-risk group.

Findings confirm the need for a combined strategy of universal, targeted and indicated pre-
vention approaches in policy development and in strategic and practice responses, and some
promising prevention strategies are presented.

Lack of progress in predicting suicide

Significant attention has been invested in identifying those most likely to die by suicide
(Christiansen, Larsen, Agerbo, Bilenberg, & Stenager, 2013; Evans, Hawton, & Rodham, 2004;
Glenn et al., 2018; Large, Sharma, Cannon, Ryan, & Nielssen, 2011; Maris, Berman, Malts-
berger, & Yufit, 1992; Ribeiro et al., 2016).

However, little headway has been made in the areas of prediction, explanation, and preven-
tion. Meta-analysis has found that predicative ability has not improved across 50 years of re-
search (Franklin et al., 2017; Large et al., 2016; Velupillai et al., 2019). We lack sufficient
understanding of what combined risk factors pre-dispose individuals to attempt suicide (Frank-
lin et al., 2017; Glenn & Nock, 2014). This is particularly the case with young people (Cha et
al., 2018) and with initial attempts as opposed to repeat suicide attempts (Glenn & Nock, 2014).
Improving knowledge about risk factors for, and effective prevention strategies to reduce, first-
time suicide attempts is critical, as we know that most of those who die by suicide do so fol-
lowing an initial attempt (Busch & Jacobs, 2003).

56



Lack of progress is partly due to (a) the low base rate of suicidal behaviour, and (b) the
significant challenge of demonstrating scientifically that any single intervention has been ef-
fective in preventing suicide (Goldney, 2000). As yet, no single intervention has been shown in
a well-documented randomised control trial to reduce suicide. Only a few studies have met
randomised-controlled trial research criteria; even when results from similar trials are synthe-
sised using meta-analytical techniques, numbers are insufficient to detect differences (Hawton
et al., 1998; Mann et al., 2005; Zalsman et al., 2016).

The present study

Data and measures

To demonstrate even small changes in suicidal behaviour, huge samples are needed. A Dan-
ish register-based dataset followed all individuals born from 1980 up to and including 1985 in
the present study. Six birth-cohorts are followed from age 15 to 29 years.

A stand-alone national register of suicide attempts has not yet been established, but in 1996
a methodology was constructed to combine diverse variables stored in national administrative
registers. The definition of first-time suicide attempts includes behaviour that conforms to the
following three conditions: (i) suicide attempts that lead to hospitalisation, (ii) assessment, of
any injury or trauma as an act of self-mutilation based on the international statistical classifica-
tion of injuries when discharged from hospital, (iii) damage included in a specified list of trau-
mas traditionally connected with suicide attempts e.g. cutting of the wrist (carpus), firearm
wounds, hanging, self-poisoning with drugs, ingestion of pesticide, cleaning fluids, alcohol or
exposure to carbon monoxide. Intentional self-harm, based on hospital admissions to a psychi-
atric ward, is also included (Christoffersen, M. N., Poulsen, & Nielsen, 2003). This method has
been used to analyse suicidal behaviour in several Scandinavian studies (Christiansen et al.,
2013; Helweg-Larsen et al., 2006; Jablonska et al., 2009).

Analysis

An event history from birth to adulthood is used to estimate hazards between 15 to 29 years.
The inclusion of event history information in the statistical model refines the following research
question: Can we determine whether a certain combination of events and other variables in-
creases the risk of a first-time suicide attempt in subsequent years up to age 30?

Risk factors are sorted according to predictive value and capacity for explaining suicidal
behaviour. We then test whether risk factors are precursors for first-time suicide attempts in
this nationwide population study.
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Figure 0. Data processing and hypotheses testing.

1. Selection of potential risk factors

Preventive theories guide us in selection of potential risk factors from administrative data

A4

2. Scaling of risk factors

All risk factors are dichotomised. the process is guided by previous research, when possible

~~

3. Dimensionality and redundance reduction by log-odds model (maximumlikelihood)

Only risk factors were included if they contributed with significant new information (stepwise)

4. Individual hazards are estimated

Estimazing individual hazards on basis of life-events during the years

~~

5. Obtimizing the precision (ROC-method)

Maximizing ‘sensitivity’ and ‘specificity’ gave an optimal cut-point between the high-risk group and the rest.

~~

6. The prevention paradox is tested

(A) small high-risk group with all cases? or (B) most of the cases come from the low- to moderate risk?

Note: 1. Preventive theories guide us in selection of potential risk factors. 2. All risk factors are standardized

through construction of dummy-variables. The choice of cut-point is guided by previous research when possible.
3. The number of risk factors are reduced by a stepwise procedure. Only risk factors were included if they con-
tributed with significant new information. 4. The individual hazards is estimated on the basis of the log-odds
model for life-events during the formative years. 5. Maximizing both ‘sensitivity’ and ‘specificity’ gave an optimal
cut-point between the high-risk group and the rest. 6. The prevention paradox is tested based on the individual

hazards and the actual observations.

Statistical model
The best way to study events such as first-time suicide attempts and their causes is to collect

event history data.

In order to boost predictive efficiency, the estimation of risk parameters is based on the

maximum likelihood method via the discrete-time logistic odds-ratio regression model. It has
been shown that the maximum likelihood estimator can be obtained by treating all the time
units for all individuals as though they were independent, when studying events. The model is
used to allow for changing covariates over time (Allison, 1982). Only first reported suicide
attempts are analyzed. Individuals’ event histories are broken up into discrete time units (age)
from 15 to 29 years, in which an event either did or did not occur. The event history uses age
as the time unit (t =15, 16, 17...29). The study only includes persons living in Denmark at age
15 which represents 300,000 individuals and 4 million person-years. A dummy variable was
included in the model for each age from 15 to 29 in order to adjust for age. Each individual is
observed until such a point where an event either occurs, or the observation is censored by
reaching the age limit, because of death, or because the individual is lost to observation for
other reasons. Individuals were excluded after the first event.
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Risk factors were all selected from previously described prevention theories, and succes-
sively included in the model, starting with the most significant risk factors. Then only risk fac-
tors contributing a further predicative value were included. The stepwise procedure was carried
out to select significant risk factors to give the best possible prediction, and avoid redundancies.

Some variables, such as gender, may be constant over time, while others, such as living in a
disadvantaged area, depression, anxiety, PTSD, may vary. Potential risk factors were catego-
rised into three types. Type 1 covers risk factors assumed to cover the years before and after
the years observed (e.g. parental mental illness, a child’s somatic disadvantages). Type 2 covers
risk factors observed at age t and is assumed only to be present at t (e.g. living in a disadvan-
taged area, child’s diagnose with anxiety, depression). Type 3 covers risk factors observed at
time t and is assumed also to be present all the following years (e.g. victim of violence, family
separation).

Measuring predictive accuracy

A key-question is how to assess the accuracy of predictions of first time suicide attempts.
Various criteria have been developed in order to answer this question.

We contrast what is expected, according to the event history of every single individual per-
son, with what is actually observed. We want to maximise both ‘sensitivity’ and ‘specificity’
which means the number of expected first-time suicide attempts in the model which convert
into actual events. We also want to maximise ‘specificity,” which is the number of individuals
neither attempting suicide according to observations, nor according to expectations from the
model. Special analytical tools (Receiver Operating Characteristic, ROC or Relative Improve-
ment over Chance, RIOC) were developed to maximise both sensitivity and specificity by var-
ying the cut-off point between high-risk groups and low- or moderate risk-groups. The ROC
method is unaffected by base rates (Loeber & Dishion, 1983; Mossman, 1994; Mossman, 2000).

Finally, we estimate the number of observed first-time suicide attempters in the high-risk
group and compare findings with observed numbers derived from the low- to moderate risk-
group thus testing Rose’s prevention paradox.

Administrative register data

Danish administrative registers used in this study include: Population Statistics, Medical
Register on Vital Statistics, Causes of Death Register, Population and Housing Census, Unem-
ployment Statistics, Education Statistics, Social Assistance Act Statistics, Income Compensa-
tion Benefits, Labour Market Research, Fertility Research, Criminal Statistic Register, National
Patient Register, Danish Psychiatric Nationwide Case Register and Medical Birth Register. Per-
sonal identity numbers are used, at initial stages, to link information for each individual from
birth, together with information about their parents. Later, personal identity numbers are sub-
stituted with an encrypted number for security and ethical reasons. Researchers only have ac-
cess to these encrypted numbers as part of the analysis.

Data are not aggregated or clustered but individually collected, independently registered
prospectively; and collected independently from several agencies. Data completely cover all
calendar years from birth to early adulthood.

If we succeed in identifying a small high-risk group (less than 12%) who are most likely to
represent all cases of first-time suicide attempts, we will have a more precise picture of the
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history of events preceding such activity, which will bring us a step closer to identifying key
factors associated with these events.

Results

Overall, this study shows a low base rate of suicide attempts. Of the 300,000 individuals
born between 1980 and 1985, and followed from age 15 to their 29 years. 13,358 persons at-
tempted suicide at least once during the 15-year period of study. Lifetime prevalence was ap-
proximately 4.5 percent.

Nineteen risk factors, from the previously outlined theoretical risk groupings, were linked
with increased risk of a first-time suicide (Figure 1). We calculated the adjusted discrete time
log-odds -model, the covariates, the percentage of person-years exposed to respective risk fac-
tors, the estimates of covariates, standard errors and odds ratios. Nine of the nineteen risk fac-
tors had an effect size of more than 1.5 (odds ratio). Four of these had an effect size of just
under or over 2, when adjusted for gender and age. All 19 risk factors are significant and add
new information in terms of refining relevant risk factors for first-time suicide attempts. Ad-
justed effect sizes OR and statistical uncertainties are seen in Figure 1.

Developmental adversity and exposure to disadvantage during formative years, as well as
decision-making processes linked to membership of a high-risk group appeared the most influ-
ential risk factors. Certain high-risk groups emerged with significantly higher risk of first-time
suicide. These included young people (unadjusted effect sizes UOR): the risk of suicide attempts
were OR: 2.11 (uOR: 3.45) with no vocational training, OR: 1.65 (UOR: 2.84) who had not
graduated from high school, OR: 1.40 (UOR: 1.91), with somatic disabilities OR: 2.42 (UOR:
7.83), with alcohol abuse, OR: 1.75 (UOR: 11.30) drug abuse. Victims of violent crime or of
sex offences OR: 1.55 (UOR: 2.78) were among the most at-risk groups, together with adoles-
cents with depression OR: 1.95 (UOR: 22.98), severe stress and adjustment disorders e.g. PTSD
OR: 1.99 (UOR: 22.28).

When considering adversity experienced during formative years, the following risk factors
emerged as presenting relatively high risks: parental mental iliness OR: 1.26 (UOR 2.12), pa-
rental suicidal behaviour OR: 1.15 (UOR: 2.28), parental violence OR: 1.17 (UOR: 2.03), family
separation OR: 1.21 (UOR: 1.89), parental long-term unemployment OR: 1.12 (uOR: 1.67),
placement in care OR: 1.29 (UOR: 4.07).
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Figure 1. Forrest plot of subgroups, first-time suicide attempts, adjusted Odds Ratio (OR).

ADHD —— OR: 1,55 [1,46-1,65]
Disadvantaged area —— OR: 1,3 [1,17-1,44]
Non-Danish Citizenship - OR: 1,13 [1,06-1,2]
Parental mental ilness -o- OR: 1,26 [1,2-1,32]
Parental suicidal beaviour -— OR: 1,15 [1,08-1,23]
Parental violence - OR:1,17 [1,12-1,23]
Parental unemployment - OR: 1,12 [1,08-1,17]
>21 weeks
Family separation - OR:1,21 [1,16-1,25]
Child in care - OR: 1,29 [1,22-1,37]
Not graduated from high o OR: 1,65 [1,58-1,73]
school
No vocational training —— OR: 2,11 [2,03-2,19]
Victim of violence/sex OR: 1,55 [1,34-1,8]
offence
Anxiety —— OR:1,2 [1,08-1,33]
Depression ——— OR: 1,95 [1,68-2,25]
Ptsd —_— OR: 1,99 [1,72-2,29]
Alcohol abuse —— OR: 2,42 [2,29-2,56]
Drug abuse —— OR: 1,75 [1,65-1,87]
Somatic disadvantages --- OR: 1,4 [1,35-1,46]
Gender (girls=1) - OR: 1,53 [1,48-1,58]
-1,00 -0,50 0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00

Parental alcohol abuse, according to hospital admissions, was predictive of an offspring’s later
suicide attempts (UOR: 2.05), but when adjusted for the other risk factors, parental alcohol
abuse turned out to be non-significant. Being a teenage mother (UOR: 1.76) was predictive of
an offspring’s suicide attempt, but this was likewise non-significant in the adjusted regression
model.

Theories of local community, social control, values and norms included indicators such as
living in a socio-economically disadvantaged area. The number of years living in these areas
seemed to be associated with an increase in risk of attempted suicide OR: 1.30 (UOR: 1.94).
Being a non-Danish citizen was also associated with relatively higher risk of suicidal behaviour
OR: 1.13 (uOR: 1.36).

In this study, ADHD was used as a proxy for risk-taking and impulsivity. Those presenting
with a diagnosis of ADHD presented with relatively higher risk of suicidal behaviour OR: 1.55
(UOR: 9.97).

We found that about 57 percent of the population have a probability level of suicide less than
0.001, 12 percent have a probability level higher than 0.003 and 6 percent have a probability
level higher than 0.004. In order to distinguish between high-risk groups and moderate or low-
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risk groups we use a variable cut-off point. We adopted the ROC procedure (Receiver Operating
Characteristic, ROC or Relative Improvement over Chance, RIOC) to resolve the dilemma of
which cut-off point should be selected to provide the most accurate chance of preventing first-
time suicide attempts.

The true positive rate (sensitivity) is defined as: a/(a+d), where ‘a’ is observed and expected
cases and ‘d’ is observed but not expected. While specificity is defined as: b/(b+c), where ‘b’ is

the not observed and not expected cases and ‘c’ is not observed, but expected cases
(Woodward, 1999).

Sensitivity and specificity has been calculated and the maximum of the sum-curve is at the
cut-off point 0.003, where the people most at risk of first time suicide attempts represent ap-
proximately 12 percent of the population. Unfortunately, the number of observed attempts in
the high-risk group only counted 12 percent while 88 percent turned out to be false positives.

One third (31 percent) of attempted suicides that actually occurred would not be included in
the treatment group if we used the most optimal cut-off point with a probability level of 0.003.
Many young people would go under the radar, not receiving support and treatment.

Overall, we were not able to identify a high-risk group (less than 12 percent in the popula-
tion) accounting for all first-time suicide attempts. On the other hand, two thirds of observed
suicide attempts did occur in the high-risk group.

Conclusion, implications and limitations

Universal and selective prevention approaches are not mutually exclusive, but each tends to
see risk through a different lens and prompts different responses to reducing suicide.

The current study sought to improve knowledge on suicide prevention through considering
the extent to which Rose’s Prevention Paradox is applicable and relevant to strategic planning
in this field. It highlighted how decisions concerning the most effective approach to adopt,
should be influenced by the extent to which prevention efforts can be targeted towards a clear-
cut high-risk group to reduce risk effectively or, alternatively, whether risk is more dispersed
across the broader population requiring more universal activity.

We found that life prevalence of first-time suicide attempts was 4.5 percent in the age from
15 to 29. A certain combination of 19 risk variables and events increased the risk of attempted
suicide in the subsequent years up to age 30.

Strongest associations with suicidal behaviour were noted for young people: a) engaged in
high-risk behaviours such as alcohol or drug reliance. b) who appeared to be not thriving in
education/who lacked vocational training c) or who were victims of violence. The next strong-
est set of associations were for young people with d) risks relating to mental health conditions
(PTSD, depression) or to ADHD and higher risk of suicide.

Generally, between 15 to 29 years, associations were marginally stronger for contemporary
youth-based risks (e.g educational under-performance, mental health presentations) compared
to more distal child-development-based risk factors or to risks linked to socio economic disad-
vantage. However, distal and socio economic risk factors still remained statistically significant
in their influence on suicidal behaviour even during adolescent and young adult years. Further-
more, we know from other birth cohort studies, that many early socio demographic risks and
child-development-based risk factors contribute to the likelihood of children experiencing later
educational crises (Paget et al., 2018), engagement in risk-taking behaviours and experiencing
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poorer mental health (Gutman, Joshi, Khan, & Schoon, 2018). This is particularly the case when
exposure to risk occurs early and persists over time (Gutman et al., 2018; McLoyd, 1998; Smith,
Brooks-Gunn, & Klebanov, 1997) .

Probability modelling, comparing projected deaths (based on the presence of risks outlined
in this study) with actual deaths by suicide in Danish birth cohort studies, highlighted limita-
tions in adopting an approach which simply focused suicide-prevention efforts on what ap-
peared to be a high-risk group (<12%).

Some of the challenges highlighted by this study included: a) a large number of false posi-
tives (those with risk factors for suicide who do not go on to attempt suicide) occurring in this
high-risk group if the net of high-risk individuals was too large; but, b) if the net of high-risk
individuals was narrowed to increase accuracy, probability modelling noted a large number of
false-negative cases sitting outside this high-risk target group (e.g. those who appear to have
low risk but who subsequently go on to attempt suicide). This would result in preventative
efforts missing many young people engaging in first time suicide attempts.

Findings did not support the prevention paradox since two thirds of first-time suicide at-
tempts came from the identified high-risk group and suggesting that efforts directed toward this
group could be helpful. Results also suggested a significant proportion of those at actual risk of
suicidal behaviour sitting outside projected high-risk groups. Findings confirmed previous con-
clusions that any suicide-prevention strategy in high-income countries requires a multi-compo-
nent portfolio of cross-sector effort and investment focused on universal, selective, and also
indicated activity to prevent suicide (Van Der Feltz-cornelis, Christina M et al., 2011).

In terms of what such a multi-component cross sector strategy might look like, there remains
a need for ongoing robust studies in this area to further our knowledge on effective interventions
- and particularly to test out synergistic effects of multilevel preventive interventions (Van Der
Feltz-cornelis, Christina M et al., 2011).

Limitations of this study

This study is based on a huge sample, with comprehensive information about potential risk
factors and helps disentangle predictors influencing risk of first-time suicide. Still, unknown
potential risk factors can be the Achilles’ heel of any such strategy.

Bullying/peer victimisation have been strongly associated with higher risk of later suicide
attempts (Geoffroy et al., 2016; Kim, Leventhal, Koh, & Boyce, 2009). This is one of the risk
factors that this study was not specifically able to track via available administrative registers.

This study did not draw information from Danish registers on those presenting with early
onset conduct problems - one of the most common mental health presentations affecting chil-
dren. When these start early (affecting 5% of children) they are associated with a threefold
increase in risk of suicide by age 27 years (Fergusson et al., 2006). Many children with ADHD
also present with comorbid conduct problems and ADHD was included as a risk factor, but any
future probability modelling should assess independent effects of childhood conduct disorder.

Effective social support might divert high-risk groups from suicide but we have not been
able to find relevant indicators for social support in available administrative registers. Individ-
ual-level prevention strategies for those at higher risk of suicide include strengthening social
support and coping skills; treatment and effective clinical care for underlying psychiatric and
substance misuse disorders; development of problem-solving, cognitive behavioural and anger
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management skills. (Hawton & James, 2005; Murphy, 1992; Murphy, Wetzel, Robins, &
McEvay, 1992; Public, 2001).

Activity targeting high-risk groups, restricting access to clothing and other materials that
might permit hanging in psychiatric wards or prisons, could also be seen as a part of a selective
intervention strategy but such data are missing in available administrative data.

The World Health Organisation’s global comparative analysis of suicide (2014) highlighted
commonalities but also distinct differences between high income and low to moderate income
countries in relation to suicide. In this WHO analysis, Denmark was identified both as a high
income country and as having experienced around a 27% reduction in overall suicide rates be-
tween 2000 and 2012. When considering relative risks, faced by those aged 15 to 29 years in
Denmark (compared to those in other high-income countries), Denmark’s young people appear
to face low to moderate relative risk of suicide compared to peers in other high-income coun-
tries. Findings and recommendations from this study should therefore be considered in the con-
text of this information.

Other relevant risks, such as death of a child, accidents, onsets of critical illnesses such as
cancer, or being incarcerated have not been included in this current model, although they are
closely linked to suicide risk with a potentially high effect size (OR). Problematically, predic-
tive ability of rare events depends on two qualities: one is the number of people in the popula-
tion who actually experience an event and the other is the odds ratio of suicide attempts among
these individuals. Such traumatic events are rare and some may not find their way into admin-
istrative registers. Instead, we found a proxy for a traumatic event: a diagnosis of PTSD or
anxiety during hospital admissions, and these proxies turn out to be effective predictors of first
suicide attempts among young people.

Although we searched administrative databases for potential risk factors reviewing preven-
tion theories for suicidal behavior, it can still be difficult to know what a specific risk factor
captures. Results showed, for example, that alcohol abuse is one of the strongest correlates; it
can be interpreted as part of a pattern of self-medicating for anxiety or depression, but it could
also be indicative of an orientation toward risk. Without knowing what it captures, we are un-
sure about substance abuse’s etiological role and what more targeted prevention might accom-
plish. Our methodology impels us to be cautious about cause-and-effect relationships and there-
fore also about prevention measures.

Administrative databases provide reasonably good prediction of first-time suicide attempts
suggesting that it is possible to identify a discrete high-risk group (<12%) of the population
from whom 69% of all first-time suicide attempts occur. From total numbers of first-time sui-
cide attempts (n=13,358), two-thirds (9,181) came from the located high-risk group. Prediction
quality is far from ideal and many potential risk factors are missing from databases.

The study provides some new information on the negative impact of multiple adversities and
cumulative exposure of adverse childhood experiences. Future research could consider the im-
pact of clustering risks on suicide risk and further analysis of moderators or mutually reinforc-
ing family or environmental risk factors.

These findings confirm the need for a combined strategy of universal, targeted and indicated
prevention approaches in policy development and in strategic and practice responses. Examples
of such suicide-prevention interventions are summarised below.
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Appendix A. The outcome, risk factors and their definitions

Covariates
and  out-
come varia-
ble:

Definition

Suicide attempt

Self-inflicted harm according to hospitals admissions. The definition of suicide attempts also included behaviour that
conformed to the following conditions: (i) Suicide attempts that had led to hospitalization, (i) assessment of the
trauma being an act of self-mutilation according to the international statistical classification of injuries when dis-
charged from hospital, (iii) the trauma had to be included in a specified list of traumas traditionally connected with
suicide attempts: cutting in wrist (carpus), firearm wounds, hanging, self-poisoning with drugs, pesticide, cleaning
fluids, alcohol or carbon monoxide. (We intend to exclude include non-suicidal self-harm, NSSH)

Ci ary si ion and opportunities

ADHD

Diagnosed with ADHD in a psychiatric ward according to the Danish Psychiatric Nationwide Case Register. ADHD F90
Hyperkinetic disorders and/or receiving ADHD-drugs 'NO6BA04' or 'NO6BA09'

Local ity, social control, values and norms

Disadvantaged
Area

A governmental board has pointed identified the most disadvantaged housing areas. These are a part of the subsidized
housing sector, consisting of 135 areas. About 4% of the population (200,000 persons) lives in these areas. Each area
has 1,500 inhabitants, on average, ranging from. 30 to 14,000 persons (Graversen et al., 1997; Hummelgaard et al.,
1997; Boligministeriet, 1993). These disadvantaged housing areas were divided into quintiles and the two most disad-
vantaged quintiles were identified as disadvantaged areas in the present by this dichotomized variable. These most
disadvantaged areas would thus cover about 80,000 inhabitants or 1.6% of the total population.

Non-Danish Ci-
tizenship

The definition is based on fulfilling one of the following conditions:

a) If at least one of the parents have Danish citizenship and is born in Denmark.

b) If there is no information in the registers about any of the parents and the child himself/herself has Danish
citizenship and is born in Denmark. All others are defined as non-Danish.

Devel theories, di during the formative years

Parental inpa-

One or both parents admitted to a psychiatric ward according to the Danish Psychiatric Nationwide Case Register

tient mental ill-

ness

Parental suicidal Parents’ suicide attempts according to the National Patient Register and the Danish Psychiatric Nationwide Case Reg-
behavior ister, or suicide according to the Causes of Death Register. Intentional self-harm according to hospitals admissions is

also included.

Parental  vio-
lence

Battered adults according to hospitals admissions. Parent exposed to assault or injuries of undetermined intent. Vic-
tims of violence which led to hospitalization and professional assessment that the injury was willfully inflicted by other
persons. Parent convicted for violence: The Criminal Statistic Register records persons convicted for violence. This
category comprises a wide range of criminal behaviour of various degrees of seriousness: manslaughter, grievous
bodily harm, violence, coercion and threats. This category does not include accidental manslaughter in combination
with traffic accidents, or rape, which belongs to the category of sexual offences.

Parental unem-
ployed >21
weeks

Unemployment for at least one parent: The number of days unemployed (more than 21 weeks) during a calendar
year. From registers of Income Compensation Benefits, Labour Market Research, and Unemployment Statistics. Pa-
rental unemployment for one or both parents.

Family separa-
tion

Information on all children who had experienced divorce, separation and or the death of a parent before they were
18 years old, taken from the Danish Central Population Register (CPR) that connects children to their parents whether
they are married or not.

Child in care

The child is in care via home placement according to the children’s acts section or the child is not living with the
parents but in an institution or foster home according to population-based register of social assistance for children in
care.

Decision-making processes in high risk groups

Not graduated

Passed basic, but had not gone on from school to university, not at least graduated, or ever been in high school (gym-

from high nasium)

school

Vocational Whether the person has a vocational or professional training (e.g. bricklayer, carpenter, dentist, lawyer, or teacher in
qualification a kinder garden). This does not include semi-skilled workers. Information is based on Education Statistics or the edu-

cational classification database which is population-based, including schooling and educational training for the highest
education achieved by the person each parent in focus.

Victim of a vio-
lent or sexual of-
fence

Persons who have been victim of violent personal crimes under the Danish Penalty Code (Jensen et al., 2003). Only
criminal offences where the victim and the perpetrator are confronted e.g. offences against personal liberty, violence
against the person, homicide, assault, robbery, threats, but not theft. Violation of an order of the Court or the police.
Only incidents reported in the years 2001-2012.

Persons who have been victim of a sexual crime under the Danish Penalty Code (Jensen et al., 2003). Only criminal
offences where the victim and the perpetrator are confronted e.g. rape, sexual abuse, sexual exploitation, and inde-
cent exposure. Violation of an order of the Court or the police. Only incidents reported in the years 2001-2012.

Anxiety Diagnosed with Anxiety, panic disorder, generalized anxiety disorder, mixed anxiety and depression disorder, other
mixed anxiety disorders and other anxiety disorder according to the Danish Psychiatric Nationwide Case Register.
F41.0-9.

Depression Diagnosed with mild, moderate or severe depression episode, single episode of depressive reaction, psychogenic de-

pression or reactive depression according to the Danish Psychiatric Nationwide Case Register. F32.0-9.
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PTSD

Diagnosed with reaction to severe stress, and adjustment disorders, acute stress reaction, post- traumatic stress dis-
order, adjustment disorders, or other reaction to severe stress according to the Danish Psychiatric Nationwide Case
Register. F43.0-9.

Alcohol abuse

According to hospital admissions the following diagnoses were expected to be associated with long-term alcohol
abuse: Alcoholic psychosis, alcoholism, oesophageal varices, cirrhosis of liver (alcoholic), chronic pancreatitis (alco-
holic), delirium, accidental poisoning by alcohol. Mental and behavior disorder due to use of alcohol also included

Drug abuse

Addiction or poisoning by drugs according to hospitals admissions. Mental and behavioural disorder due to use of
drugs (e.g. opioids, cannabinoids, cocaine). Dependence on morphine was not included if associated with diseases of
chronic pain

Somatic disad-
vantages

Adolescents and young adults who had been hospitalized within the observation period for a severe handicap or
chronic disease, other than mental handicap and psychiatric disease. Diagnoses included severe diseases of a chronic
nature from all organ systems. Examples could be cancers, inborn errors, birth defects, cerebral palsy, and long lasting
damages after head injuries necessitating hospitalization, epilepsy and sequelae after meningitis.

Parental PTSD

Post-Traumatic Stress Disorder ICD-10: F43, One or both parents diagnosed in a psychiatric ward according to the
Danish Psychiatric Nationwide Case Register

Parental  anxiety
disorders

Anxiety disorders ICD-10: F40-F42. One or both parents diagnosed with anxiety disorder in a psychiatric ward
according to the Danish Psychiatric Nationwide Case Register, diagnosed in a psychiatric ward or receiving drugs
treatment with one of the following psychopharmaca: NO5SBA12 Alprazolam, NO 6ABO3 Fluoxetin, NO6ABOS Par-
oxetin, NO6ABO6 Sertralin, NO6AB10 Escitalopram, NO6AX11 Mirtazapin, NO6AX16 Venlafaxin, NO3AEO1
Clonazepam, NO3AX16 Pregabalin. (Arendt et al., 2016; NICE, 2013)

Parental substance
abuse

Alcohol abuse or drug abuse (see below)

Parental  alcohol
abuse

According to hospital admissions the following diagnoses were expected to be associated with long-term alcohol
abuse: Alcoholic psychosis, alcoholism, esophageal varices, cirrhosis of liver (alcoholic), chronic pancreatitis (al-
coholic), delirium, accidental poisoning by alcohol. Mental and behavior disorder due to use of alcohol also in-
cluded (Christoffersen, Mogens Nygaard & Soothill, 2003; Christoffersen, Mogens Nygaard, 2016).

Parental drug
abuse

Addiction or poisoning by drugs according to hospitals admissions. Mental and behavioral disorder due to use of
drugs (e.g. opioids, cannabinoids, cocaine). Dependence on morphine was not included if associated with dis-
eases of chronic pain

Parent diagnosed
with ADHD

Diagnosed with ADHD in a psychiatric ward according to the Danish Psychiatric Nationwide Case Register.

Parental violence

Battered adults according to hospitals admissions. Parent exposed to assault or injuries of undetermined intent.
Victims of violence, which led to hospitalization and professional assessment that other persons willfully inflicted
the injury. Parent convicted for violence: The Criminal Statistic Register records persons convicted for violence.
This category comprises a wide range of criminal behavior of various degrees of seriousness: manslaughter, griev-
ous bodily harm, violence, coercion and threats. This category does not include accidental manslaughter in com-
bination with traffic accidents, or rape, which belongs to the category of sexual offences.
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Figure 2. Sensitivity, specificity, and their sum against cut-points.
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ABSTRACT. We extend the generalized information criteria for high-dimensional penalized
models to sparse statistical jump models, a new class of statistically robust and computation-
ally efficient alternatives to hidden Markov models. In a simulation study, we demonstrate
that the new generalized information criteria selects the correct hyperparameters with high
probability. Finally, providing an empirical application, we infer the key features that drive
the return dynamics of the largest cryptocurrencies. We find that a four-state model best
describes the dynamics of cryptocurrency returns. The states have natural market-based in-
terpretations as they correspond to bull, bull-neutral, bear-neutral, and bear market regimes,
respectively.

1. INTRODUCTION

Simple statistical models such as linear regression are straightforward to fit to data. This
is not the case for many of its more capable extensions, such as penalized splines or LASSO,
that require hyperparameters to be specified (Ruppert et al., 2003; Tibshirani, 1996). Nys-
trup et al. report substantial improvements by performing hyperparameter tuning
of their statistical model within the specific context of its application, i.e. by choosing hy-
perparameters that optimize an application specific performance criteria. Novel advances
in machine learning have generated greater attention to hyperparameter tuning, e.g. for the
topology of deep neural networks (Hutter et al., 2019).

Frequently, the optimal values of the hyperparameters are found using information criteria

(IC) such as the Akaike’s information criterion (AIC) or the Bayesian information criterion

(BIC)(Akaike, Schwarz, [1978). Recently, Fan et al., extended the usage of IC

Date: December 9, 2022.
Key words and phrases. Clustering; Cryptocurrencies; Feature Selection; Information Criteria; Model Selec-
tion; Regime Switching; Unsupervised Learning.
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to situations where the number of features, P, are of the same magnitude or substantially
larger than the number of observations, T

Regime switching models such as hidden Markov models (HMMs) are frequently applied
when the data exhibits non-stationarities such as those occurring in financial time series
(Zucchini et al., 2017). In particular, HMMs are capable of describing the majority of
stylized facts documented in financial markets (Rydén et al., . However, it can be
challenging to use them in practice as their log-likelihood functions are non-convex, and
their estimation is sensitive to model misspecification and parameter initialization (Rydén,
2003).

The class of so-called statistical jump models (JMs) introduced in Bemporad et al.
provides an interesting alternative to HMMs, as they implement a framework that generates
a complex model by switching between simpler ones. The same authors show that a simple
HMM is a special case of their framework. Nystrup et al. and Nystrup et al.
build upon this work, replacing the local models with K-means clustering. The resulting
algorithm fits a temporal clustering model, where the persistence of cluster membership
is controlled by a hyperparameter. Nystrup et al. propose a framework to perform
feature selection for temporal clustering referred to as sparse statistical jump models (SIMs).
In contrast to classical HMMs, the algorithm used for fitting them converges rapidly even
when considering a large number of irrelevant features and is remarkably robust against
model misspecification and poor initialization. However, SJMs require proper tuning of
several hyperparameters that relate to their temporal persistence, feature selection and the
number of clusters used. While the tuning can be done by hand, it is highly desirable to
develop techniques to perform it automatically.

The purpose of this article is to adapt the generalized information criteria (GIC) frame-
work of Fan et al. to the class of SJMs. To construct suitable IC for hyperparameters
selection for SJMs, we derive expressions for their model fit and complexity. To compare the
resulting IC, we conduct a simulation study and find that a BIC suitably extended for SJMs
consistently outperforms the alternative IC. Thereafter, we present an empirical study where
we fit an SJM on a large set of features related to the cryptocurrency markets by selecting
the best model based on the extended BIC.

2. METHODOLOGY

2.1. Information Criteria. The log-likelihood function contains much information about
the data and the model but it cannot be used for comparisons between competing models
since it increases with increasing model complexity. Therefore, hyperparameters are often

selected using cross-validation or IC. The latter is defined as a combination of two terms
IC:=F +arM, (1)
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where F' is a measure of model fit, M is a measure of model complexity, and ar a positive
sequence depending on the sample size T and possibly, the number of parameters and/or
features considered (see, for example, Konishi et al. and Fan et al. (2013)). It is
common in classical statistics to approximate model complexity with the number of model
parameters. However, the concept of model complexity is more general in modern statistics
and machine learning, where besides model parameters in the traditional sense, the models
frequently have hyperparameters and regularization terms to address the complexity of large
sets of candidate features. Parameters refer to the set of internal quantitative attributes that
defines the model itself, hyperparameters are external to the model as their values are chosen
before model estimation, and features are constructed from the data. In the following, we
refer to the number of model parameters as ¢ and the number features as P. We denote by
ﬁ(é’) the maximized value of the log-likelihood function for a model with ¢ parameters. Then
we note that the AIC and BIC, the two most common IC, defined as

AIC := —20(0) + 2¢, (2)
BIC := —2((0) + qlog(T) (3)

take the form of IC in equation where 726(9) measures the model fit, ¢ denotes the
number of model parameters and serves as a measure of model complexity, and ar = 2 (for
AIC) and ar = log(T) (for BIC), respectively. Frequently, the AIC is used to select the
best predictive model and is an asymptotically unbiased estimator of the expected Kullback-
Leibler (KL) risk loss under the assumption that the candidate model family includes the true
model (Hurvich et al., . Schwarz derives the BIC by considering the posterior
probability of a specific model given data. It is known that this IC finds the correct model
asymptotically.

Fan et al. consider a setup where the number of features grows substantially faster
than the number of observations. They define a GIC as

QIc = % {2(60(v,¥) ~ t2(0 7)) + arht} (4)

where (7(Y,Y) is the log-likelihood for the saturated model and £7(64,Y) is the log-likelihood
using the estimated active set of parameters, A. They suggest setting the model com-
plexity equal to the cardinality of the active set of features (i.e. M = |A|), and ar =
log(log(T')) log(P). We will refer to this particular choice of GIC as the Fan-Tang informa-
tion criterion (FTIC).

2.2. Regime switching and sparse statistical jump models. While HMMs have a long
tradition in statistics they are known to have undesirable properties. For example, there are
as many singularities in the log-likelihood surface as there are observations. We examine

a larger class of models in this article, that of statistical jump models (not to be confused

70



with jump-diffusion models), introduced in Bemporad et al. as a framework for (a)
combining several simpler models into more complex ones, and (b) generalizing a number of
well-known model classes, including HMMs. In this article we focus on the SJM of Nystrup
et al. (2020d). The core idea of their framework is regime classification in an HMM is
closely related to temporal clustering in a sufficiently high-dimensional space that encodes
the relevant statistical properties. Specifically, they minimize the loss function given by

T-1

D ep =l + M) + 7, = s 13, (5)

=1
where g, p € RF is a P-dimensional standardized feature vector obtained from a given time
series data set, {s;} is a K-dimensional latent state sequence, ,, is the conditional mean of
state s;, and the hyperparameter A > 0 controls the frequency of jumps between states. Nys-
trup et al. propose a coordinate descent approach to estimate the model parameters
and state sequence by alternating between (i) minimizing a quadratic loss function, and (ii)
solving a dynamic programming problem with Viterbi-like algorithm (Viterbi, [1967). The
resulting algorithm has many attractive properties like robustness against poor initialization,
distributional or sojourn time misspecification and fast convergence.

Nystrup et al. further extend their algorithm by incorporating feature selection,
allowing for a large number of features to influence the inferred state sequence, a property
that has been difficult to incorporate in traditional HMMs. Their work is based on the
Witten et al. framework. They observe that the total sum of squares (TSS) can be
expressed as the sum of within-cluster sum of squares (WCSS) and the between cluster sum
of squares (BCSS), that is

T T K
D NGer —alE =D Wp —palls+ Y el — 3 (6)
t=1 =1 k=1

=:TSS =:WCSS =:BCSS

where ny, denotes the number of observations belonging to the k-th cluster, and g and py,
are the unconditional and conditional means of the features in the k-th state, respectively.

Therefore, as minimizing the WCSS is equivalent to maximizing the BCSS, Nystrup et al.,
[2021] propose to solve

K —\2 T-1
maXy, f{s;}w w' Zk:l N (l"k - :u‘) - Zt:l Hst#stﬂ

subject o fw|> <1, |wl <& (7)
w, >0 Vp,
wherew = (wy, ..., wp) is the vector of feature weights and the hyperparameter 1 < k < VP

controls the degree of sparsity of the features. The resulting model is called a sparse statistical

gump (SJ) model. While the resulting algorithm is more complex, it can still be solved by
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coordinate descent. We refer the reader to the original article by Nystrup et al. (2021)) for
details and publicly available python codeﬂ.

2.3. GIC for sparse jump models. In this section we extend the GIC to the SJM. First,
we substitute the log-likelihood £7(-,-) with the WCSS (in equation (), and denote it by
Lr(\ K, K;Y) where A, k, K and Y are the values for the jump penalty, sparsity hyperpa-
rameter, number of latent states and the matrix of features, respectively.

An important question is how to choose the hyperparameters A, & and K corresponding
to the saturated model in the SJM setting. While it is straightforward to set A = 0 and
% = /P (as this choice leads to an SJM with no jump penalty that considers the entire
set of features), it is not clear how to choose K. Based on our experience, if the goals is to
estimate a model with recurrent states, we suggest to not exceed K = 6 for the examples
we considered. Indeed, when K is too high the GIC selects a large number of states, each
one being visited only once. This type of time series clustering falls into the change-point
detection framework (Aue et al., 2013), which is not the topic of the present paper. For the
SJM, we define the model complexity measure M by

M = Koluo] + Ao (I = Ko) + Kol || [ Aol) + 3 Lo, (8)

t

The three first terms come from a linear approximation of K|A| near the point (Ky, |Aq|),
and hence penalize for increasing values of K and |A|, the number of latent states and
active features. |A| depends indirectly on the hyperparameter ; it increases with increasing
values of k. In practical applications, we recommend to choose Ky and |4y| based on prior
knowledge of the number of latent states and relevant features. The last term in equation
counts the number of jumps across states and is binomially distributed, with the number of
jumps being the sufficient statistic for a binomial distribution. This term depends indirectly
on the jump penalty A, as the number of states changes increases with decreasing values of
A. Altogether, the resulting GIC for the SJMs is given by

GIC = % (2 (Lo R K3 Y) — LAk, K3 Y)) + M} (9)

From (@) it is straightforward to obtain new versions of AIC, BIC and FTIC for the SJM by
setting the value of ar equal to 2, log T and log(log(T)) log(P).

3. SIMULATION STUDY

‘We compare the proposed AIC, BIC and FTIC for the SJMs in a simulation study, evaluat-
ing their ability to correctly identify hyperparameters values. For this purpose, we simulate
a dataset Y € RT*P (T = 1000 and P = 100), from a Gaussian HMM for varying number
of latent states Kyue = 2,3,4. We set the vector of initial probabilities # = {1/Kiwue},

"https://doi.org/10.1016/j.eswa.2021.115558
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Kuve | IC|Value XA & K ARI({5}) ARI({w,})
AIC| 341 0 10 4 0.15 0.03
2 BIC| 744 5 7 2 1.00 0.66
FTIC| 910 5 6 2 1.00 0.50
AIC| 325 5 8 3 1.00 0.79
3 BIC| 538 5 8 3 1.00 0.79
FTIC| 740 10 7 3 0.95 0.65
AIC| 155 5 9 3 1.00 0.95
4 BIC| 424 5 8 4 1.00 0.81
FTIC| 657 5 7 4 1.00 0.64

TABLE 1. Simulation results for the minimum AIC, BIC and FTIC and the corresponding
A, £ and K for varying number of true latent states Ki... Value refers to the estimated
value of the reported IC, and ARI({$;}) and ARI({w;}) are the ARIs computed between
true and estimated sequences of states, and between true and estimated sequences of active
features, respectively.

matrix of transition probabilities with m;; = 0.8 (i = 1, ..., Kie) on the main diagonal, and
;= (1=1;) ) (Kuwwe—1) (1,5 = 1,. .., Kine) elsewhere. We draw the state-conditional mean
vectors yL’” (p=1,...,P, k =1,..., Kiyye) from the uniform distribution &(—2,2). The
state-conditional covariance matrices have diagonal elements equal to one and off-diagonal
elements given by p = (pg;)7 .. ,pﬁf"’“"‘)): Vi,j=1,...,P i+ j, given by: (a) p=(0.8,0.4)
when Kiye = 2; (b) p=(0.8,0.6,0.3)" when Ky = 3; and (c) p = (0.8,0.6,0.3,0.0)" when
Kire = 4. Similar to the simulation study of Nystrup et al. (2021)), we consider the aug-
mented dataset Y consisting of P = 500 standardized features, where the first 100 correspond
to the standardized version of Y and the other 400 are constructed through a random per-
mutation of its rows. Using this augmented dataset allows us to test the ability of the GIC
to select the correct features and ignore the irrelevant ones.

We fit a family of SJMs by varying A and & such that A € {0,5,10,25,50,100} and
k€ {1,2,3,..., L\/Igj}, where |z denotes the greatest integer less than or equal to z.
We compute the three IC for each possible A, k, K according to formula @D We set the
hyperparameters for the saturated model to A = 0, & = \/ﬁ and K = 6. To determine M,
we take Ky and |Ag| to be equal to their true counterparts, i.e. |Ag| = 100 and Ky = Kiyye-

To assess the ability of the IC in selecting the correct values of A and x, we compute the
adjusted Rand index (ARI) (Hubert et al., between true and estimated sequences of
states {s;}, and between true and estimated sequences of active features {w,}. We obtain
{w,} through an indicator function which is equal to one when feature p is in A and zero
otherwise. We denote the two resulting ARIs by ARI({$;}) and ARI({w,}), respectively.
Recall that an ARI equal to one corresponds to a perfect match between the elements of the

two sequences, and the index decreases as similarity decreases.
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shows the AIC, BIC, FTIC and the two ARIs when the true number of latent
states is equal to Kiye = 2,3, 4, respectively. The results suggests that BIC and FTIC are
better suited to determine the jump penalty A, whereas AIC and BIC appears to be better
suited for detecting the value of k. In fact, the minimum BIC and FTIC correspond to a
value of A that results in ARI({s;}) = 1 for most scenarios. In contrast, in most of the
scenarios, the minimum AIC and BIC result in values of £ that maximize ARI({w,}).

For each Kipne = 2, 3,4, we fit SIMs by varying A, s and K and then calculate the resulting
AIC, BIC and FTIC. depicts how the IC depend on the hyperparameters, where
the red line with circles, the green with triangles and the blue with squares represents the
IC value for K = 2,3, 4, respectively. To illustrate how an IC depends on A and k, for each
IC and K,y we generate two separate panels. In one panel the x-axis represents A, and in
the other . Interestingly, AIC is not able to select the true number of latent states when
Kirue = 2 and Kipye = 3. In contrast, BIC and FTIC attain their minima when the number
of latent states corresponds to K. in all scenarios, with BIC providing somewhat better

results in terms of the relative distance between IC computed for different K.

4. AN APPLICATION TO CRYPTOCURRENCIES

In this application we aim to determine what are the most important drivers of the return
dynamics of the four largest and most liquid cryptocurrencies: Bitcoin (BTC), Ethereum
(ETH), Litecoin (LTC) and Bitcoin Cash (BCH). We obtain cryptocurrency prices and
trading volumes from the Crypto Asset Lab, an independent lab established at the Univer-
sity of Milano-Bicocca. Prices are volume-weighted, recorded at midnight UTC, from the
Coinbase-pro, Poloniex, Bitstamp, Gemini, Bittrex, Kraken, and Bitflyer digital exchanges.
Similarly, the daily volume of each cryptocurrency is calculated as the sum of the individual
volumes from the same exchanges. We also consider variables related to the network activity,
obtained from intotheblock.com. From this data, we construct a large set features that are
potential candidates for explaining cryptocurrency returns. In particular, we use first differ-
ence of the logarithm of prices and volume and then compute exponential moving averages
(EMA) for log-returns and volatilities with half-lives equal to 1, 2, 7 and 14 days. We con-
struct exponentially weighted linear and Gerber correlations (Gerber et al., between
BTC log-returns and log-returns of all other cryptocurrencies and between log-returns and
log-differences of trade volumes for each cryptocurrency, with the same half-lives as above.
To capture network activity, for each cryptocurrency we use first differences of the aggregate
volume of transactions recorded on-chain, log-differences of the total number of addresses
with balance (AddWB), and log-differences of hash rates for BTC and ETH. In addition,
we calculate exponentially weighted linear and Gerber correlations between each of the pre-

viously mentioned network metrics and the corresponding cryptocurrency log-returns, also
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with the same half-lives as before. Following Cong et al. , we construct three value
factors as the ratio between the total number of addresses and prices, the number of ad-
dresses with balance and prices, and the recorded volume on-chain and prices, for all four
cryptocurrencies. Previous studies suggest that time series momentum is a crucial driver
of cryptocurrency returns (Liu et al., Liu et al., . Therefore, we add several
momentum-based features such as the time series momentum signal of Moskowitz et al.
(2012) with lags of 1, 2, 7 and 14 days, the relative strength index (RSI) and moving average
convergence divergence signal indicators for all the cryptocurrencies. Finally, we consider the
Amihud illiquidity measure, computed as the ratio of absolute daily log-returns and
daily volumes for each coin. The final dataset consists of P = 230 features spanning the time
period from January 1, 2019 through July 10, 2022, with 7" = 1,352 total number of daily
observations. We fit a family of SJMs by varying A, s, K, and then select the best model
based on the BIC, computed for Ky = 3 and |Ag| = 100. The BIC attains its minimum
for A =5, k =4, K = 4. The resulting daily state-conditional averages of log-returns and
volatilities of the four cryptocurrencies are 1.99%, 0.45%, -0.55%, and -2.99%, and 5.83%,
4.11%, 4.07% and 10.81%, respectively. Moreover, the average of the daily state-conditional
pairwise correlations are 0.65, 0.77, 0.85, and 0.94. The sojourn times for each state are
20.18, 22.65, 14.69 and 9.38 days, and the SJM spends 41.8%, 38.5%, 14.1% and 5.5% of
its time in each of them. These state-conditional statistics suggest an interpretation of the
states as distinct market regimes, where the first state is a bull market regime, the second
is a bull-neutral regime, the third is a bear-neutral regime and the fourth is a bear market
regime.

Next, we examine the features selected by the STM. shows that out of the original
230, of which 20 are selected by the feature selection algorithm. EMAs have the largest
weights, and their state-conditional values are coherent with the regime characterization
above. Correlations between first differences of volumes and log-returns are decreasing from
the first to the fourth regimes, indicating that higher market activity is associated with
particularly turbulent phases (bull and bear). The RSIs, which have noticeably high weights,
are above 70 in the bull regime, around 50 in the bull-neutral and bear-neutral regimes, and
below 30 in the bear regime. We estimate a small weight (0.007) for the linear correlation
between log-differences of the total number of addresses with balance and log-returns for
BCH.

5. CONCLUSIONS

We extended the generalized information criteria for the purpose of performing hyperpa-
rameter selection for sparse statistical jump models. In a simulation study, we demonstrated

that the new generalized information criteria infer the optimal values for the jump penalty
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Feature ‘Weight‘ Bull Bull-Neutral Bear-Neutral — Bear

014(AddWBgcH, TBCH) 0.007 | 0.181 0.034 -0.083 -0.149
p7(VBrC, TBTC) 0.029 | 0.340 0.155 -0.165 -0.420
[)7(VET117 TETII) 0.037 | 0.385 0.114 -0.169 -0.380
p7(VLTc, 7'LTC) 0.024 | 0.434 0.134 -0.102 -0.234
F?(VBCHa 7'BCH> 0.001 | 0.455 0.162 -0.064 -0.219
p14(Varce, rere) 0.032 | 0.284 0.116 -0.125 -0.317
p1a(Vierw, rers) 0.043 | 0.307 0.075 -0.136 -0.280
p1a(Vire, rure) 0.030 | 0.365 0.114 -0.066 -0.164
EMA(rgrc) 0.062 | 0.012 0.005 -0.004 -0.017
EMA14(rprc) 0.071 | 0.010 0.004 -0.003 -0.012
EMA;(rgrs) 0.075 | 0.016 0.007 -0.005 -0.022
EMA 4 (rgrn) 0.071 | 0.012 0.005 -0.003 -0.013
EMA7(rire) 0.076 | 0.016 0.004 -0.006 -0.023
EMA14(rrre) 0.091 | 0.013 0.004 -0.005 -0.015
EMA7(rpcn) 0.074 | 0.018 0.003 -0.007 -0.025
EMAy4(rpon) 0.088 | 0.013 0.003 -0.006 -0.016
RSI(BTC) 0.040 | 73.33 59.80 41.51  26.02
RSI(ETH) 0.060 | 73.77 60.73 4127 2751
RSI(LTC) 0.044 | 70.81 56.88 40.14  28.98
RSI(BCH) 0.045 | 70.93 55.16 39.04  26.80

TABLE 2. Estimated weights and state-conditional values of the selected features. RSI, py
and EMA, denote the relative strength index, exponentially weighted linear correlation and
exponential moving average with a half-life of d days, respectively.

and sparsity hyperparameters, respectively, thereby obtaining the true number of latent
states and features.

In an empirical application, we applied one of the new generalized information criteria to
extract key features that drive the return dynamics of the largest cryptocurrencies. We found
that the selected sparse jump model is consistent with economic intuition. In particular, the

identified latent states represent bull, bull-neutral, bear-neutral and bear market regimes.
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Causality in Econometric Analyses
Arne Henningsen, Department of Food and Resource Economics (IFRO)

Most of research questions in economics are 'causal’, i.e., how one variable affects an-
other variable. In general, it is easiest to identify causal effects by running experiments
but in economics, most research questions cannot be answered by experiments be-
cause experiments for answering these research questions would be unethical, exces-
sively expensive, or for other reasons infeasible. Hence, most empirical research ques-
tions in economics can only be answered by using observational data, i.e., data gener-
ated by the 'real world' rather than by an experiment. Many different methods and
identification strategies exist for estimating causal effects with observational data, e.g.,
matching methods, instrumental variable methods, difference-in-differences, syn-
thetic control methods, regression discontinuity design, and “causal' machine learning
methods. The presentation at the ‘Symposium i Anvendt Statistik’ will give an overview
over methods and identification strategies that are used to estimate causal effects with
observational data in economics and it will discuss the strengths and weaknesses of
these methods.
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Nyheder i SAS

Anders Milhgj

anders.milhoj@econ.ku.dk

Praediktion med Machine Learning

| dette eksempel forudsiges forbrugerprisindekset for to fadevarer, kalve- og okseked
samt babymad; hhv. variablene P_01_1 2 10gP_01_1 9 3. Praediktionerne beregnes
i SAS Viya.

Babymad

I SAS Viya skal der dannes et nyt projekt, hvilket gares ved at udfylde en wizard. Klik

Name: *
Bulkprediction
Type: *
Forecasting B

Template:

Seasanal Forecasting v | Browse

Data: *

CASUSER[anders.milhoj@econ.ku.dk).PRISER Browse

Description:

BES | coneel
Her er valgt, at det er forecasting, projektet skal omhandle og at der skal bruges saeson-
metoder. Dernast trykkes pa Save og dernast skal man abne fanebladet Pipelines.
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@ Seasonal Model

Via fanebladet data kommer man ind i datasettet og kan vaelge variablen P_01_1 9 3,
der er babymad, som Dependent variable.

© | # Hem-Kunet X | @ Mail- anders.milhoj@econkudk x} S Model Studio x |+ - o X

< C (&  https//v4e032.vfe.sas.com/ModelStudio/ A Tt @ @

i= | Bulkprediction e,
%5 Dus Pipelnes  PpsineComparson  Overrides  Insighs i
. .

g Duesou = E= Potios = 9
O VersbeName - Tpe Role DR ——— a
g e S 0 e Numeri Time
v Time seres Potios Nomeric Dependent e u.
e O desel Nomerie
v Atributes 0 eoliis Numeric +
0 eo1112 Numeric
O eouiis Numeri
1 POL114 Numeric
O eoliis Nomeric
0O eo011.16
0 rorii
0 eolizs
o -

Tilbage i fanebladet Pipelines klikkes der pa knappen Run Pipeline, hvorefter nogle
urvisere ruller rundt mens systemet arbejder pa sagen. Til sidst er der granne tjekmarks
ved alle fire kasser.

For at se resultatet, kan man fx hgjreklikke i kassen Seasonal Forecasting og valge Fo-
recast viewer. Det er tydeligt, at der er forudsagt uden en sesonmodel, og der er valgt
en simpel konstant forudsigelse, som fra en random walk model. Det er naturligvis lidt
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kedeligt, men mon ikke dette er, hvad data siger. Det havdes i hvert fald, at der er af-
prover “Generate forecast with seasonal ESM, ARIMAX or UCM model”.

selected Series (1) ¥ [(Actuals [ Predicted | Confidence limit | b~ skt
Selected Series Plot 4 7
140
120
100

Jan10 Jan12 Jan14 Jan1é Jan18 Jan20 Jan22 Jan24

Time ID Values

Ved at klikke pa datanoden kan der tilfgjes en ny node, som velges til Auto-foreca-
sting. I denne node kan der klikkes, sd alle tzenkelige forudsigelsesmetoder benyttes. |
Forecast viewer kan det ses, at den valgte model er simpel eksponentiel udglatning.

@ Seasonal Model

By oBERE &
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For okse- og kalvekad er den tilsvarende forudsigelse lidt mere interessant, idet den
opadgaende trend de farste 10 maneder af 2022 forventes at forsztte om end ikke mo-
notont.

Selected Serics Plot

Vel

Bulkpreediktion med SAS procedurer

| dette afsnit forudsiges prisen for 48 forbrugerprisindeks for fgdevarer med automati-
serede kald af SAS-procedurer.

Der er flere SAS-procedurer, der kan danne forudsigelser af tidsraeekker, hvoraf to uden
videre kan handtere flere tidsraekker i et kald, mens andre skal pakkes ind i en SAS-
makro, der kalder proceduren for hver tidsreekke for sig.

Proc ESM

Da det pé forhand er uklart, om der er seeson og trend i de enkelte prisindeksserier, an-
vendes (Holt-)Winters metode, der kan tage hgjde for bade sason og trend. Selve me-
toden er en simpel algoritme, der iterativt kombinerer den bestemte komponent (ni-
veau, trend og seeson) med den nyeste observation ved hjelp af tre vaegte, der estime-

S, (May) = w%+ (1-)S, 1, (May).
t

83



res ved at minimere kvadratafvigelsessummen af forudsigelsesfejlene i observations-
perioden. Forudsigelsen beregnes ved at gentage formlen for den seneste observation
fx ved successivt at addere det sidst fundne trendbidrag.

De tre veegte skal ligge mellem nul og en, i praksis begranses de af numeriske grunde
til veerdier mellem 0.001 og 0.999. En veerdi nar ved en leegger mest vagt pa den nye-
ste observation, mens en veerdi teet ved nul tilleegger fortiden stor vaegt i beregnin-
gerne. For tidsraekker med sason er veerdien erfaringsmeaessigt meget lille, dvs. lig med
eller kun lidt over den nedre greense pa 0.001; mens vardier vaesentligt over 0.001 kun
dukker op i tidsreekker med en meget svag eller slet ingen sason.

Proceduren kaldes med den viste kode. | forecast statementet angiver kolonnet i
P:, at proceduren skal kares for alle variable, der begynder med P i variabelnavnet.
Forudsigelserne gemmes i datasattet forudsigelser.

proc esm data=b.priser plot=nonell print=none lead=17
OUT=forudsigelser OUTEST=parametre;

id date interval=month;

forecast P:/method=winters;

run;

Datasattet parameter indeholder de estimerede veegte. Ingen af vaegtene er under
0.1 og kun syv er under 0.2, mens syv antager den hgjeste veerdi 0.999 og nitten er
over 0.5. Der betyder alt i alt, at der ikke er synderlig seson i de fleste af de 48 pris-
reekker.
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Proc X12 - X13

Disse procedurer til seesonrensning kan bestemme en seson ARIMA model automa-
tisk. | forbindelse med seesonrensningen bruges denne model til at forecaste og back-
caste tidsraekkens vaerdier, sd de mange glidende gennemsnit 1 X11’s sesonrensnings-
algoritme fungerer bedre for de farste og sidste ar af tidseekken. Desuden indgar
ARIMA modellen centralt i SEATS metoden til seesonrensning, idet denne metode be-
stemmer vaegtene til de glidende gennemsnit ud fra den fittede model. S& selvom pro-
ceduren egentlig er tiltaenkt andre formal, bestemmer den en seeson ARIMA model.

Nar der forudsiges mange tidsraekker pa én gang, kan man ga i detaljer i analysen af
enkelt tidsreekke. Derfor anvendes en opsetning, der forventes at fungere nogenlunde
for alle raekker. I dette tilfeelde anvendes den multiplikative sesonrensningsmetode,
idet modellen dog estimeres pa de logaritmisk transformerede data. De to ods out-
put statements sikrer hhv., at der dannes et datasat, predicted, der indeholder for-
udsigelserne, og et dataseet ARIMA model, der indeholder oplysninger om, hvilken
seson ARIMA model, der bestemmes. Kolonnet i var statementet, P :, siger at proce-
duren karer pa alle variable, hvis navn begynder med P i datasattet. Det er denne faci-
litet, der gar det let at benytter Proc X12 til bulkforudsigelser.

proc X12 data=b.priser date=date plots=none;
var P:;

transform function=log;

x11;

automdl;

forecast lead=17;

ods output ForecastCL=predicted;

ods output FinalModelChoice=ARIMA model;

run;

Modellen udveelges ved en afvejning af, at residualvariansen skal veere lille og at testet
for restautokorrelation i residualerne godkender bedst muligt. Desuden sammenlignes
med airline-modellen ARIMA(0,1,1) x ARIMA12(0,1,1), som efter det meget succes-
fulde eksempel i Box & Jenkins(1976) fungerer som default model for tidsreekker med
seson; denne model foretraekkes ofte, se tabellen.

| dette eksempel er det ikke sa oplagt, at det overhovedet er sason at spore i forbruger-
prisindeks, for hvorfor skulle der dog veere s&son i prisen pa babymad? Men i de veel-
ges bare en model uden s&son, hvad den ger for 14 af de i alt 48 fadevarer, hvor der
slet ikke indgér seesonparametre. Tabellen viser at de simple ikke ssson modeller
ARIMA(1,1,0) og ARIMA(0,1,1) tilsammen veelges for 11 varer.
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Model

Antal

ARIMA(0,1,1) x ARIMA12(0,1,1)
ARIMA(0,1,1) x ARIMA12(0,0,0)
ARIMA(1,1,0) x ARIMA12(0,0,0)
ARIMA(0,1,1) x ARIMA12(1,0,0)
ARIMA(1,1,0) x ARIMA12(1,0,0)
ARIMA(1,1,0) x ARIMA12(0,0,1)
ARIMA(1,1,0) x ARIMA12(0,1,1)
ARIMA(0,1,0) x ARIMA12(1,0,1)
ARIMA(0,1,1) X ARIMA12(0,0,1)
ARIMA(0,2,1) x ARIMA12(0,0,0)
ARIMA(1,1,0) x ARIMA12(1,0,1)
ARIMA(1,1,1) x ARIMA12(0,0,0)
ARIMA(1,1,2) x ARIMA12(0,1,1)
ARIMA(1,2,1) x ARIMA12(0,1,1)
ARIMA(2,1,0) x ARIMA12(0,0,0)
ARIMA(2,1,0) x ARIMA12(0,1,1)
ARIMA(3,0,0) X ARIMA12(1,0,1)
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~
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Proc Varmax

Denne procedure er tilteenkt estimation af flerdimensionale tidsreekker, men den er
0gsa i stand til at bestemme en ARMA(p,q) model automatisk, altsé bestemme p og q,
dvs. hhv. antal autoregressive og glidende gennemsnits parametre. Desvarre bestem-
mes antal differensdannelser ikke af proceduren, og den kan heller ikke handtere se-
sonmodeller pa en meningsfuld made.

I denne procedure kan notationen med et kolon ikke anvendes, sa derfor pakkes den
viste kode ind i en SAS-makro, der successivt kalder Proc VVarmax for hver af de 48
tidsreekker. Outputdatasattene samles til sidst i datasseet med hhv. modelvalget og for-
udsigelserne.

I den anvendte modelklasse anvendes en differensdannelse. Det skyldes, at en statio-
nar model uden en differens ville tvinge forudsigelserne til at konvergere mod gen-
nemsnittet af prisindekset i hele observationsperioden, hvilket ville veere meningslast i
sammenhangen. En yderligere effekt af differensen er, at den estimerede middelvardi
af tidsreekken efter differensen danner et trendbidrag, der vil kunne bygge et sandsyn-
ligvis stigende prisniveau ind i forudsigelserne, hvad der kan vaere rimeligt for mange
af reekkerne.

| optionerne angives, at alle veerdier af antal autoregressive led kan veere p=0, 1, .., 14.
Et hgjt p kan derved tage hgjde for eventuelle sesoneffekter i de ménedlige indeks.
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Saeson kan dog ogsa opnas for lave ordner, p, hvis der er komplekse rgdder i det auto-
regressive polynomium, men det er umuligt for p =0 og p =1.

PROC VARMAX data=b.priser;

id date interval=month;

model P 01 1 9 3/method=ml dif=(P_01 1 9 3(1))
minic=(type=aic p=14 g=0);

ods output modeltype=model;

output out=pred lead=17;

run;

I den viste kode anvendes Akaikes informationskriterium, som udvealger falgende mo-
deller

Model Antal

AR(1) 16

AR(2) 9
AR(3) 6
AR(12) 5
AR(0) 3
AR(13) 2
AR(14) 2
AR(8) 2
AR(11) 1
AR(4) 1
AR(6) 1

Anvendes Schwarts’ bayesianske informationskriterium, BIC, straffes der mere for an-
tal parametre, hvad der tydeligt ses af tabellen, hvori det ses, at der kun er to tidsreek-
ker med flere end tre autoregressive parametre. Hele 33 af de 48 tidsraekker har hgjst
orden et, dvs. at der ikke kan vaere komplekse rgdder i det autoregressive polynomium,
s& modellen kan pé ingen made beskrive sesoneffekter.

Model Antral
AR(1) 20
AR(0) 13
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Model Antral

AR(2) 10
AR(3) 3
AR(4) 1
AR(6) 1
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Proc UCM

Denne procedure estimerer modeller for uobserverede komponenter for en tidsreekke. |
det viste program anvendes et niveau og en haldningskoefficient, der tillades at vari-
ere med en varians, der estimeres i proceduren. Seesonkomponenten holdes konstant i
hele tidsperioden, idet dens varians szttes til nul. Signifikansen af de tre tilpassede
komponenter for den sidste observation angives i en af outputtabellerne. De nyeste til-
passede komponenter benyttes ved beregning af forudsigelserne.
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I denne procedure kan notationen med et kolon ikke anvendes, sa derfor pakkes den
viste kode ind i en SAS-makro, der successivt kalder Proc UCM for hver af de 48 tids-
reekker. Outputdatasaettene samles til sidst i et enkelt dataszt for hhv. komponentsigni-
fikansen og forudsigelserne.

PROC UCM data=b.priser;

id date interval=month;

model &var;

level;

slope;

season length=12 var=0 noest;
outlier;

estimate;

forecast outfor=pred &var lead=36;
ods output ComponentSignificance=significance &var;
run;

1 34 af de 48 tidsreekker er seesonkomponenten signifikant pa et 5% niveau, mens
trendkomponenten kun er signifikant i 11 af de 48 tidsraekker.
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Interpolation af veegt for spseedbgrn

Séren Moller'? og Gitte Zachariassen!

! Klinisk Institut, Syddansk Universitet
2 Open Patient data Explorative Network, Odense Universitetshospital
3 H.C. Andersen Bgrne- og Ungehospital, Odense Universitetshospital

Introduktion

T mange kliniske studier pa nyfadte er der behov for at sammenligne deres vaegt
og hgjde med den veegt og hejde, der forventes ud fra referencedata pa be-
folkningsniveau. Da sma bgrn vokser hurtigt og ikke-linezert, og bernene typisk
males pa varierende dage, der ikke stemmer overens med de tidspunkter, der
rapporteres i referencedata, er der behov for at interpolere referencedata til de
tidspunkter, hvert enkelt barn er blevet malt pa, specielt med henblik pa at
bestemme z-scores pa vaegt og hgjde, som er udbredte udfaldsmal i denne type
studier. Endvidere kan der veere behov for en sekundeer interpolation, for at
kunne sammenligne bgrn, der er malt pa forskellige tidspunkter, indenfor samme
studie. Vi vil i dette bidrag beskrive den parametriske interpolationsmodel, vi
med succes har brugt pa flere kliniske studier i Odense, samt diskutere statistiske
overvejelser relateret til disse interpolationer.

Problemstilling og formal

Vi gnsker en model, der baseret pa referencedata, svarende til gennemsnit og
spredning af vaegt pa bestemte aldre kan interpolere til mellemliggende aldre
med det formal at bestemme z-scores for vaegten pa de tidspunkter et barn er
blevet malt.

For at den gnskede metode kan anvendes i praksis af kliniske forskere er der
nogle kriterier til metoden vi gnsker at have opfyldt:

— Metoden skal kunne anvendes pa nye referencedatasaet uden adgang til radata
for referencedataseattet, sa det, der typisk publiceres, skal vaere nok infor-
mation.

— Metoden skal kunne anvendes pa forskellige aldersintervaller, ved at bruge
forskellige referenedata.

— Metoden gnskes at vaere parametrisk, sadan at den kan afrapporteres som
eksplicitte formler der kan anvendes pa nye studier.

— Metoden skal vaere kompatibel med efterfolgende interpolation pa z-veerdi-
skalaen for at bestemme bgrns veerdi mellem malepunkter.

Vi praesenterer i dette bidrag vores forslag til en algoritme, der polynomielt
interpolerer referencedata, for at betsemme z-scores pa de tidspunkter, hvor et
barns vaegt er blevet malt i et sundhedsvidenskabeligt studie. Denne algortime
har vi tidligere brugt i et antal forskningsprojekter [2U34I].
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Foreslaet algoritme

Vi tilpasser polynomier til henholdsvis gennemsnitsveaegten og en spredning un-
der gennemsnitsvaegten pa referencedata for at opna en parametrisk model for
vaegtudviklingen over tid:

K
Won(T) =Y b T
k=0

K
Wm—s(T> = Zbk,m—sTk
k=0

hvor T er barnets alder (henholdsvis gestationsalder for nyfodte og alder i maneder
eller ar for storre bgrn). Ud fra dette bestemmer vi sa den forventede gennem-
snitsveegt og spredning ved en given, vilkarlig, alder ¢ og omregner en observeret
vaegt w til en z-score z(t,w) for det enkelte observerede barn:

W= WD)
) = e W)

Evaluering af algoritmen

Vi evaluerer vores algoritme pa to forskellige referencedataseet:

— Svenske referencedata pa nyfadtes veegt, deekkende over gestationsalder 1768
til 555 dage [].

— WHOs referencedata for sma berns vaegt, deekkende over alder 0 til 60
maneder [f].

Begge referencedata er stratificeret pa ken, derfor er vores evaluering ogsa stratfi-
ceret pa ken. For hver af de fire dataseet har vi tilpasset den polynomielle model
med grad 1 til 6, bestemt overensstemmelse mellem referencedata og model-
praediktionen pa de tidspunkter, der er inkluderet i referencedata, og grafisk
fremstillet bade referencekurve og afvigelse mellem model og reference.

Resultater

Vi observerer pa figuren af de nyfgdtes vaegt fra de svenske referencedata (Figur
at forste til tredje grads polynomier giver tydelige afvigelser fra de observerede
data, men at fjerde til sjette grads polynomier giver en overenstemmelse med
referencedata med kun meget begreensede afvigelser, som vi vurderer at veere
sma nok, til ikke at veere klinisk relevant. Det er desuden tydeligt, at modellerne
divergerer markant fra hinanden nar vi kommer ud over tidspunktet for den
sidste referencemaling ved 555 dages gestationsalder. Dette er forventet, men
understreger at modellen ikke bgr bruges til at ekstrapolere bgrns veegt uden for
referencedatas tidsinterval.
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For WHOs referencedata (Figur ﬂ) for bern op til fem ars alderen far vi
lignende resultater dog med mindre afvigelser ogsa for de lavere ordens poly-
nomier. Fra 6 maneders alder og opefter er anden til sjette grads polynomier
acceptable, men stadig med en tydelig (dog maske ikke klinisk relevant) fordel
for polynomier af femte og sjette grad.

Generelt var der kun yderst begraensede konsforskelle i modellernes opforsel
og resultaterne for en spredning under gennemsnit var generelt meget lig resul-
taterne for gennemsnittet.

Diskussion

Overordnet kan vi konkludere at vores polynomielle model giver god overen-
stemmelse med referencedata, safremt man veelger et polynomium af grad fem
eller seks. I den praktiske anvendelse er det dog vigtigt at huske, at modellens
koefficienter er specifikt for hver reference, og derfor skal tilpasses pa ny, hvis ref-
erencen skiftes. Endvidere bgr modellen kun anvendes for at bestemme z-veerdier
i det tidsinterval referencen daekker, og ikke ektrapolere uden for dette.
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Fig. 1: Evaluering af algoritmen pa de svenske referencedata
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Fig. 2: Evaluering af algoritmen pa WHOs referencedata
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Examining sibship constellation and risk of multiple sclerosis

—an example of register-based research at its best

By Klaus Rostgaard

Danish Cancer Society Research Center, Danish Cancer Society, Copenhagen
klar@cancer.dk

Abstract

Epstein-Barr virus infection, and perhaps almost exclusively delayed Epstein-Barr virus
infection, seems a prerequisite for multiple sclerosis development. Siblings provide pro-
tection against infectious mononucleosis by occasionally preventing delayed primary
Epstein-Barr virus infection with its associated high risk of infectious mononucleosis.
Each additional sibling provides further protection according to the age difference be-
tween the index child and the sibling. The closer in age, the higher protection and with
younger siblings being more protective against infectious mononucleosis than older sib-
lings. If the hypothesis that delayed Epstein-Barr virus infection is necessary for the
development of multiple sclerosis is true, then the relative risk of multiple sclerosis as a
function of sibship constellation should mirror the relative risk of infectious mononu-
cleosis as a function of sibship constellation. Such an indirect hypothesis test is neces-
sitated by the fact that age at primary Epstein-Barr virus infection will be unknown for
practically all people not having experienced infectious mononucleosis. According to a
recent paper (Rostgaard et al. 2022) this null hypothesis seems to be fundamentally true
—with the hopeful perspective that future multiple sclerosis can essentially be eradicated
by early Epstein-Barr virus vaccination. In this talk 1 shall discuss the statistical model-
ling in that paper and why it took so long to reach this conclusion.

Introduktion

Det er for nyligt blevet sandsynliggjort at en ngdvendig forudsatning for at udvikle
sclerose er at man groft sagt inficeres farste gang med Epstein-Barr virus (EBV) som
teenager eller senere.! Implikationen er, at det derfor burde vaere muligt at forhindre
fremtidige tilfeelde af sclerose ved at vaccinere med EBV i en tidlig alder. Den konklu-
sion kunne man veaere kommet snublende neer for leenge siden, men ingen gjorde det. Her
vil vi prgve at forklare hvorfor det ikke skete tidligere. Selve modelarbejdet, resultaterne
og den formodede biologi bag er behandlet i Rostgaard et al.* og referencer deri.

Langt de fleste smittes med EBV pa et tidspunkt, og nar man bliver smittet er man smit-
tet for evigt. De fleste bliver smittet i en af to bglger: enten som 0-2 arige eller som
teenagere. EBV overfares gennem spyt, og er generelt ikke sarligt smitsomt. Nar man
smittes forste gang med EBV kan man f& kyssesyge (infektigs mononukleose). Det er
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en overreaktion fra immunsystemet pa infektionen. Typiske symptomer er traethed, fe-
ber, hovedpine, hevede lymfeknuder og halsbetendelse.® Kyssesyge er en hyppig fal-
gevirkning af primar EBV-infektion i teenage-arene, men ret sjeelden ved tidligere in-
fektion.? Derfor er kyssesyge reelt en markar for sen (teenage-arene eller senere) primeer
EBV infektion. Man har lenge vidst at ca. halvdelen af befolkningen i vestlige lande er
EBV-naive ved indgangen til teenage-arene, men det er serligt peedagogisk og elegant
demonstreret i et modelarbejde fra 2019.2

Den forsinkede hypotese

Man har lenge forbundet EBV med sclerose, og ideen om sen EBV-infektion som risi-
kofaktor for sclerose gér tilbage ihvertfald til midten af 1990’erne.*> Men de data de
fleste har haft til radighed angaende alder ved primear EBV-infektion har netop veeret
data om personer der har haft kyssesyge, eller som er blevet testet for det. S de pageel-
dende forfattere har veeret tilbageholdende med at skelne meget skarpt mellem kysse-
syge og forsinket EBV-infektion og med at fordele betydning af sen EBV-infektion i sig
selv, og kyssesyge som en ekstra komplikation ved primar EBV-infektion. Nogen burde
dog have féet ideen om tingenes rette sammenhang efter at en raekke store studier®
(Haarh 1995 OR=2.80, Hernan 2001 OR=2.20, Nielsen 2007 OR=2.27, Zaadstra 2008
OR=2.22, Ramagopalan 2009 OR=2.06, Ahlgren 2009 OR=2.06) ret konsistent fandt
en relative risikoforggelse for sclerose efter kyssesyge pa ca 2. Dette burde veere blevet
fortolket som en mulig konsekvens af, at den reelle (men uobserverbare) andel under
risiko for at fa kyssesyge var omtrent halveret nar personerne startede med at vaere teen-
ager.>"® Det burde ogsa have staet klart, bade ud fra hverdagserfaring og fra literatu-
ren,210 at hvis kyssesyge var en ngdvendig betingelse for at fa sclerose skulle den rela-
tive risiko for sclerose efter kyssesyge veere meget hgjere, svarende til at man havde
selekteret sig ind i en meget mindre population der reelt var under risiko.

I epidemiologien har man ofte anvendt sgskendeflokkarakteristika (fx birth order, antal
sgskende, antal eldre og yngre sgskende, aldersafstand til nermeste sgskende 0.5.v.)
som proxier for infektigs eksponering. For at belyse om vores ideer om smittespredning
i familier og infektionsmanstre holdt vand for EBV og kyssesyge gennemfarte vi i 2014
et simpelt, men meget detaljeret studie af saskendeflokkarakteristika som prediktor for
kyssesyge.! Studiet estimerede bade direkte effekter (en tydeligt forgget risiko for at fa
kyssesyge nar man havde nogle 0-3 arige sgskende) og en indirekte effekt (at det var
beskyttende at have iser yngre sgskende, at hver sgskende betad mere beskyttelse, og
at den beskyttende effekt var starst nar aldersdifferencen var mindst). Det gav anledning
til en fortolkelig model hvor man iseer smittes med EBV af sgskende i alderen 0-3 ér, og
hvis man ikke reagerer med kyssesyge pa det tidspunkt vil man séledes veere vaccineret
mod at fa kyssesyge senere i livet. Studiet var baseret pa hospitals-kontakter med kys-
sesyge som udfald, men vi kunne | samme studie ret ngjagtigt genfinde vores primare
(indirekte) effektestimater blandt bloddonorer med selvrapporteret kyssesyge som ud-
fald.!! Sa vi havde dermed en model der hang nogenlunde logisk og troveerdigt sammen
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og som kunne bruges til at prediktere fravaer af risiko for sen EBV-infektion (og dermed
kyssesyge). Dermed var den sidste logiske forudsetning pa plads for at kunne formulere
hypotesen om sen EBV-infektion som ngdvendig i udviklingen af sclerose, som en sta-
tistisk hypotese om at den indirekte (beskyttende) effekt af sgskendeflok-sammensaet-
ning pa hazard ration var den samme for de to udfald kyssesyge og sclerose. Der fandtes
pé det tidspunkt studier der allerede 10 ar tidligere havde vist den beskyttende effekt af
sgskende, og iseer yngre sgskende pa risikoen for sclerose, men de var ikke sa detaljerede
0g statistisk preecise.'?1* Dette er omvendt blandt andet en fglge af at vi kun kender
slegtningene i de yngre kohorter, og at det tager tid (alder) at fa sclerose. Vi har fx 4
gange s mange sclerose-tilfelde i dag som Bager et al. havde 15 ar tidligere.>*

Og hvad skal der sa ske?

Det eneste der ikke umiddelbart passer med vores model er, at man ogsé kan fa kysse-
syge far teenage-alderen, og i sé tilfeelde har man den samme forhgjede relative risiko
for sclerose (SIR~2), som hvis man havde faet kyssesyge senere. Vi har som lgsning pa
det problem postuleret at de biologiske processer som starter udviklingen frem mod
sclerose er de samme blandt pre-teenagere og teenagere, men bare meget mere hyppige
blandt teenagere.? Sa den eneste umiddelbare svaghed ved vores model kan forhabentlig
blive det vink der gar det muligt entydigt at identificere hvad det er for biologiske pro-
cesser, der er tale om. Der er mange hypoteser pd omradet, men ogsa stor usikkerhed.!
At identificere disse biologiske processer ma antages at veere en ngdvendighed for at
kunne skabe en ngdvendig videnskabelig konsensus,*® som grundlag for at udvikle en
passende vaccine og vaccinestrategi, selv om ikke alle mener det er ngdvendigt.® Bl.a.
fordi en fornuftig vaccinestrategi blot vil serge for “kunstigt” at genskabe det forhold
mellem mennesker og virus som har eksisteret gennem artusinder, hvor langt de fleste
inficeres med EBV i de farste levedr, uden at det har nogen vasentlige falgevirknin-
ger.117-19
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Using home-scan data to analyze dietary changes in relation to major life
changing events

Sinne Smed, Department of food and resource economics, University of Copenhagen

Based on a range of papers, combining detailed home-scan food purchase data from
an unbalanced panel of 12000 households (20000 individuals) with official high-quality
individual register-data, we discuss the possibilities of using this data combination to
study the effects of life-changing event on dietary health.

This structure allows us to, 1) consider dynamic adjustments to life-changing events.
Unemployment and retirement lead e.g. to some short-run changes, probably caused
by substitution from out-of-home to in-house consumption, whereas real dietary
changes, are found in the longer run. Life-style related illnesses on the other hand lead
to some short-run changes that, in most cases, returns to before diagnose levels in the
long-run, 2) consider socio-demographic and attitude based differences in the re-
sponse to life changing events. There is e.g. differences in the dietary adjustment to
retirement dependent on whether the individual retire from work or from a position
outside the labor market and due to family status.

One disadvantage of using this dataset to analyze dietary behaviour is that we observe
food purchases of households, not individual food consumption. Another disadvantage
isthat the data are observational and not directly constructed with the aim of analyzing
dietary behaviour, hence there is considerable amount of noise in the data and we are
in some cases challenged by small samples and also endogeneity.
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Hvor stor en andel af ’signifikante’ resultater
er falske?

Tom Engsted'
Institut for @konomi, Aarhus Universitet
Fuglesangs alle 4, 8210 Aarhus V.
Email: tengsted@econ.au.dk

December 2022

Abstract: En stor del af publicerede statistisk signifikante effekter og sam-
menhaenge er falske, dvs. et resultat af fejlagtige H, afvisninger. Udover
almindelig data-mining, skyldes det (mindst) tre forhold. For det forste, at
sandsynligheden for H,, givet at H, afvises, er hgjere end Type-I fejlsandsyn-
ligheden. For det andet, at sandsynligheden for H,, givet data, er hgjere end
p-verdien. Qg for det tredje, at der sjeldent korrigeres for multiple tests.
Der er behov for en kulturendring i vores empiriske praksis.

Keywords: p-verdi; 5% signifikansniveau; false discovery rate; Bayes formel;
sandsynligheden for H,; multiple tests.

1. Indledning.

Det er velkendt, at der er en replikationskrise i empiriske videnskaber. Mange
publicerede resultater har vist sig ikke-replikerbare i nye stikprgver, og det
gaelder bade for resultater baseret pa kontrollerede eksperimenter og for
studier baseret pa ikke-eksperimentelle, passivt observerede data. Arsagerne
er mange: data-mining, p-hacking, uhensigtsmaessige incitamentsstrukturer
i det akademiske system, etc. Men en medvirkende arsag er endvidere, at de

ITak til Jesper Schneider for meget udbytterige samtaler om statistisk metodologi.
Engsted and Schneider (2022) indeholder en detaljeret diskussion af de seerlige problemer
som passivt observerede ikke-eksperimentelle data indenfor samfundsvidenskaberne giver
i relation til det klassiske hypotesetest-setup.
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konventionelle statistiske metoder vi anvender, har en indbygget tendens til
at finde for mange ’signifikante’ resultater.

For det forste er false discovery raten, dvs. sandsynligheden for at H,
er sand hvis H, forkastes, P(H, er sand | H, forkastes), ofte meget hg-
jere end signifikansniveauet (Type-1 fejlsandsynligheden), dvs. den omvendt
betingede sandsynlighed P(H, forkastes | H, er sand), iseer hvis styrken af
testet er lav. For det andet er det konventionelle 5% signifikansniveau en
meget lav overlaegger i den forstand, at sandsynligheden for H,, givet de ob-
serverede data, P(H, | D), ofte er meget hgjere end p-veerdien P(D+ | H,),
hvor D+ angiver de observerede data eller mere ekstreme data. En p-veerdi
pa 5% vil typisk indebeere, at P(H, | D) er veesentligt hgjere end 5%. Og
for det tredje korrigeres signifikansniveauet og p-veerdien i empiriske studier
sjeeldent for multiple tests, hvilket indebzerer, at nar der udfgres mange tests,
vil det samlede signifikansniveau veere veesentligt hgjere end det valgte sig-
nifikansniveau i hvert enkelt test.

I denne artikel diskuterer jeg disse forhold, og jeg argumenterer for, at
det er patreengende med en kultursendring i vores empiriske praksis.

2. Er signifikans pa 5% niveau en tilstraekkelig hgj overlseegger?

Det traditionelle valg af et 5% signifikansniveau stammer fra den engelske
statistiker Ronald Fisher, der for snart 100 &r siden foreslog dette niveau
ved tests 1 smé stikprover med eksperimentelle data (Fisher, 1925). En p-
veerdi mindre end 0.05 er ifglge Fisher signifikant evidens imod H,. Det
underliggende rationale for at forkaste H, baseret pa en lav p-veerdi udtrykte
han som folger: "FEither an exceptionally rare chance has occurred, or the
theory [modellen i H,| is not true" (Fisher, 1959, p.39).

Selvom vi ofte uformelt taler om, at man ikke bgr opfatte 5% som en fast
regel, der altid bgr benyttes uanset stikprovestgrrelse og karakteren af data
igvrigt, fungerer signifikans pa 5% niveau alligevel som en de facto ngdvendig
betingelse for at kunne publicere et resultat. Ser man pa fordelingen af
teststatistikker eller p-veerdier pa tveers af publicerede studier, er fordelingen
stort set trunkeret ved 5%. Der er kun meget fa resultater med p-veerdier
storre end 0.05, og det meste af massen i fordelingen ligger lige til venstre for
0.05 (Harvey, 2017; Andrews and Kasy, 2019). Uanset om vi vil det eller ¢j,
s& jagter vi allesammen tilsyneladende stadig signifikans pa 5% niveau!
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2.1 False discovery rate.

At signifikans pa 5% ofte vil veere en ret lav overlaegger, kan illustreres ved
beregning af den sékaldte ’false discovery rate’, dvs. andelen af signifikante
resultater, der er falske. Antag at parameteren vi er interesseret i er u, og at
vi tester H,: = 0 overfor Hy: p1 # 0, sddan at forkastelse af H, indebeerer,
at vi har fundet en signifikant ’effekt’. Lad « og 8 veere henholdsvis Type-I
fejlsandsynligheden (dvs. signifikansniveauet) og Type-II fejlsandsynlighe-
den for dette traditionelle hypotesetest. I bayesiansk ikleedning kan vi nu
lade P(H,) veere 4 priori sandsynligheden for at H, er sand, og vi kan med
anvendelse af Bayes formel beregne den betingede sandsynlighed P(H, er
sand | H, forkastes), jf. eksempelvis Storey (2003):

=}

P(Ha er sand ‘ HO forkastes) W (1)

P(Ho)

Det ses af formel (1), at false discovery raten afheenger af det valgte sig-
nifikansniveau (), testets styrke (1 — /) og & priori sandsynligheden P(H,).
Raten er naturligt stigende i v, men bemaerk ogsa, hvordan sandsynligheden
for en falsk forkastelse stiger, nar testets styrke falder. Tabel 1 viser false
discovery raten for v = 0.05 og for forskellige veerdier af 5 og P(H,).

Styrke, 1 —
0.18 0.50 0.75 1.00
P(H,) =050  0.217 0.091 0.062 0.048
=0.75 0455 0.231 0.167 0.130
=095  0.841 0.655 0.559 0.487

Tabel 1: False discovery rate beregnet for @ = 0.05 vha. formel (1)

I empiriske studier indenfor samfundsvidenskab, er det sjeldent at se
diskussioner af de anvendte tests styrkeegenskaber, maske fordi vi godt ved,
at de tests vi anvender ofte har ret darlige styrkeegenskaber. I et stort
metastudie finder Ioannidis et al. (2017), at det typiske empiriske studie
indenfor gkonomi har en styrke pa blot 18%. Det ses af Tabel 1, at med en
s& lav styrke, er sandsynligheden for en falsk forkastelse ret hgj, og under
alle omsteendigheder markant hgjere end signifikansniveauet. Sa selvom vi i
det klassiske test kan kontrollere Type-I fejlsandsynligheden (5%), dvs. hvor
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ofte vi fejlagtigt forkaster en sand hypotese, har vi ingen kontrol over den
omvendt betingede sandsynlighed P(H, er sand | H, forkastes).

Hvad vil veere et rimeligt valg af P(H,), og dermed af P(H,) = 1—P(H,)?
I sidste ende er det en subjektiv vurdering hos hver enkelt analytiker, ligesom
valg af signifikansniveau i teorien ogsé er en subjektiv vurdering (selvom vi
som regel blot anvender det konventionelle 5% niveau). Berger and Sellke
(1987) argumenterer for, at P(H,) = P(H;) = 0.50 er det videnskabeligt
‘objektive’ valg og at det sjeeldent vil vaere rimeligt at saette P(H,) < 0.50,
hvorimod P(H,) > 0.50 er mere rimeligt. Alternativhypotesen H; indeholder
typisk den model vi undersgger, hvor en bestemt effekt eller sammenhang
er til stede, og vi finder stgtte til modellen, hvis vi forkaster H,. Men ofte
er effekten eller sammenhaengen ikke et resultat af teoretiske overvejelser for
man kigger pa data, men snarere et resultat af data-mining med efterfglgende
teoretisk rationalisering (Gigerenzer, 2004).

Indenfor empirisk finansiering, eksempelvis, er dette et udtalt faenomen.
De mange risikofaktorer og afkastprediktorer for aktiemarkedet, som er pub-
liceret 1 den empiriske finansieringslitteratur, er i hgj grad et resultat af
data-mining. Som Harvey (2017, p.1417) skriver: "Among the many vari-
ables that researchers have explored, how many do we believe have 1:1 odds
of being true return predictors before we look at the data? Very few." Harvey
argumenterer fplgelig for, at P(H,) ber settes noget hgjere end 0.50. Tabel
1 viser, at med P(H,) > 0.50, kan false discovery raten veere ganske hgj.
Harvey (2017, p.1399) konkluderer, at den empiriske forskning producerer
"an embarrassing number of false positives - effects that will not be repeated
in the future." Det er neerliggende at tro, at noget tilsvarende geelder for de
gvrige samfundsvidenskaber.?

Indenfor visse fagomrader er datamaengden ganske betragtelig, hvorved
manglende styrke i de anvendte tests ikke er et problem. Eksempelvis analyser
pa mikro- og registerdata, eller hgjfrekvente finansielle data, hvor der ofte
indgér tusindvis eller millionvis af observationer. Det ses i Tabel 1, at med
maksimal styrke (100%), er false discovery raten taet pé signifikansniveauet
(5%) med neutrale & priori odds for H,. For P(H,) > 50% er raten dog
naturligvis stadig sterre end 5%. I meget store stikprgver opstar et andet
problem, nemlig at enhver lillebitte - og i realiteten helt ubetydelig - afvigelse
fra H, bliver signifikant pa de konventionelle signifikansniveauer.

%Ifglge Benjamin et al. (2018) vil det i psykologiske eksperimenter vaere passende at
satte prior odds for Hy relativt til H, til omkring 1:10, svarende til P(H,) ~ 0.90.
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Vil man disse problemer til livs, ligger den oplagte lgsning lige for: seenk
signifikansniveauet. Benjamin et al. (2018) har foreslaet en generel seenkning
af det konventionelle 5% signifikansniveau til 0.5%, alts& en markant hgjere
overlaegger for at kunne erklere et resultat ’statistisk signifikant’. Dette
forslag er dog ikke uden problemer (se de afsluttende kommentarer nedenfor).

2.2 Sandsynligheden for H,, givet data.

Den klassiske p-veerdi angiver sandsynligheden for de observerede data, eller
mere ekstreme data (D+), givet H,, dvs. P(D+ | H,). Det er en udbredt
misforstéelse blandt empirikere, at en lav p-veerdi kan tages som udtryk for,
at der er lav sandsynlighedsmaessig evidens for H,, og dermed hgj sandsyn-
lighedsmaessig evidens for H; (jf. Gigerenzer, 2004; Wasserstein and Lazar,
2016; Harvey, 2017). Uformelt fortolker vi ofte en lav p-veerdi som udtryk
for, at P(H, | D) er lav. En medvirkende arsag til denne misforstéelse kan
givetvis spores tilbage til Fisher’s fortolkning af en lav p-veerdi (som naevnt
ovenfor): "Either an exceptionally rare chance has occurred, or the theory is
not true."

Men dette leder til ’the fallacy of the transposed conditional’. Nar vi
beregner p-veerdien, er det betinget pa fordelingen af teststatistikken under
H,, dvs. vi betinger pa, at H, er sand. Dermed forteeller p-veerdien ingen-
ting om hverken den ubetingede sandsynlighed P(H,), eller den betingede
sandsynlighed P(H, | D), og dermed heller ingenting om sandsynligheden
for H;.

Vi kan vha. Bayes formel beregne P(H, | D) og P(H, | D) = 1 —
P(H, | D), som en funktion af 4 priori sandsynligheden P(H,), likelihood
funktionen for de observerede data, samt en 4 priori fordeling for parameteren
af interesse. Udtrykt ved Bayes-faktoren (BF) fas (jf. Engsted, 2019):

BF - P(H,)
1+ [P(H,)(BF - 1)]'

P(H, | D) = ()
Hvis vi anvender den Bayes-faktor, der for en given t-statistik giver maksimal
sandsynlighedsmaessig evidens imod H,, dvs. BF = exp(f%tz), jf. Berger
and Sellke (1987), fas for ¢ = 1.96 (svarende til en p-veerdi pa 0.05) BF=
exp(—11.96%) = 0.146. Med neutrale 4 priori odds for hypoteserne (P(H,) =
0.50), fas hermed fra formel (2): P(H, | D) = 0.128, altsa en markant hgjere
sandsynlighed end p-vaerdien.

Hvis P(H, | D) skal ekvivalere p-veerdien (0.05), skal P(H,) = 0.265
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og P(H;) = 0.735.> Med andre ord: Nér vi forkaster H, pa et 5% sig-
nifikansniveau, opererer vi implicit med den & priori opfattelse, at H; er
vaesentlig mere sandsynlig end H,. Bemeerk, at dette geelder selv for den
Bayes-faktor, der giver maksimal sandsynlighedsmeessig evidens imod H,.
For mindre ekstreme - mere rimelige - Bayes-faktorer, indebzerer en forkas-
telse p& 5% niveau med et klassisk ¢-test, en endnu hgjere & priori sandsyn-
lighedsopfattelse af Hy, dvs. P(H,) < 0.265 og P(H;) > 0.735. Det er
mit indtryk, at de faerreste empirikere er klar over den ret skeeve implicitte
prior, der ligger gemt i en forkastelse pa det traditionelle 5% signifikansniveau
med det klassiske test. Og P(H,) < 0.50 er under alle omstzendigheder ikke
forenelig med Berger and Sellke’s (1987), Harvey’s (2017) og Benjamin et
al.’s (2018) anbefaling om, at P(H,) > 0.50, som beskrevet ovenfor.

Ofte bliver valget af et lavt signifikansniveau (eksempelvis 5%) begrundet
som fglger: H, udtrykker vores *maintained hyothesis’ eller *working hypothe-
sis’ som kraever meget staerk evidens imod sig i stikprgven for vi er villige
til at forkaste H,. Dette kraever, at hvis vi forkaster, skal sandsynligheden
for at bega en fejl veere lav, svarende til en lav Type-I fejlsandsynlighed.
Men denne argumentation fgrer til et paradoks, for som vi netop har set,
indebeaerer en forkastelse pa 5% niveau en forhdndsformodning om, at H, er
mindre sandsynlig end H;, altsa svarende til at det i virkeligheden er H; som
er vores working hypothesis.

Startz (2014) illustrerer paradokset med et konkret eksempel og kon-
kluderer: " We usually think that our standards for significance are chosen
precisely to point in the direction of the null unless we have strong evidence
to the contrary. But as this example illustrates, our usual standards do not
accomplish that goal. In other words, in this example the p-values we usually
regard as providing strong evidence against the null and in favor of the alter-
native do not in fact provide such evidence unless the econometrician already
leaned strongly toward the alternative." (Startz, 2014, p.141).

2.3 Multiple tests.
Signifikansniveauet () i det klassiske test er udtryk for Type-I fejlsandsyn-
ligheden i repeated sampling ved udforelse af ét test. Seettes a = 0.05, og
under antagelse af at H, er sand, vil - pa tveers af mange gentagelser af testet
pa nye stikprover - 5% af testene fejlagtigt afvise H,.

I de fleste forskningsprojekter udferes der dog ikke kun ét test i hver

Py : ., _ P(Ho|D _ 05 _
SFra formel (2) fas P(H,) = P(Hngg(llB%HBF = 0_05(175?&%”0_146 =0.265.
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stikprgve. I en given stikprgve foretages der typisk mange forskellige tests.
Der afprgves forskellige (kombinationer af) forklarende variable i forskellige
modeller og for forskellige delperioder, der laves forskellige misspecifikations-
tests, etc. Der udfgres med andre ord multiple tests. Hvis der veelges et 5%
signifikansniveau i hvert enkelt test, vil det samlede signifikansniveau for hele
batteriet af tests veere hgjere end 5%.

Hvis der udfgres to uathaengige tests, hver pa 5% niveau, bliver det sam-
lede signifikansniveau 1 — (1 — 0.05)2 = 0.0975 (9.75%). Hvis det samlede
signifikansniveau skal vaere 5%, kraever det et signifikansniveau i hvert test p4
2.53%. Udfgres der 10 tests, skal signifikansniveauet i hvert test vaere 0.51%,
svarende stort set til at dividere det gnskede samlede signifikansniveau (5%)
med antallet af tests (Bonferroni-korrektionen). I praksis vil de udfarte tests
ikke vaere uafheengige, hvilket komplicerer korrektionen. Der er i gvrigt et
veeld af spidsfindigheder involveret i korrektion for multiple tests, se Harvey
et al. (2020) for en god gennemgang af de forskellige metoder.

I empiriske studier indenfor samfundsvidenskab korrigeres der sjaeldent
for multiple tests. Der anvendes typisk et 5% signifikansniveau i hvert enkelt
test. Dermed er sandsynligheden for, at der undervejs i sekvensen af tests
begés Type-I fejl (vaesentligt) hojere end 5%, hvorved sandsynligheden for
false discovery bliver hgj (jf. formel (1)).

3. Kultureendring i vores empiriske praksis.

Der er mange paradokser og indbyggede modsaetninger i det klassiske hypotese-
testsetup. De konventionelle signifikansniveauer (1%, 5%, 10%) er arbi-
treere og bliver brugt pa samme made, uanset om det er H, eller H;, der
udtrykker vores arbejdshypotese (den model vi undersgger), og valget af sig-
nifikansniveau har en indbygget skjult - og uerkendt - forhandsopfattelse
af hypoteserne, der langt fra er neutral eller objektiv. De klassiske hypote-
setest bygger endvidere pa et repeated sampling setup, der i teorien kraever en
meget detaljeret og forudbestemt stikprgveplan, og som sjeeldent er dackkende
for den type passivt observerede, ikke-eksperimentelle data samfundsforskere

‘Harvey et al. (2020) diskuterer ogsa afvejningen mellem false discoveries og missed
discoveries, hvor sidstnaevnte henviser til det problem, der opstar, hvis man med henblik
pé at reducere den samlede Type-I fejl, saenker signifikansniveauet til et sadant niveau,
at man kommer til at begad for mange Type-II fejl, altsd undlade at forkaste en forkert
hypotese.
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arbejder med (Engsted, 2020). Dertil kommer, at leerebogsfremstillinger af
teorien for hypotesetest oftest er en hybrid af Neyman-Pearson metoden (valg
mellem to hypoteser) og Fisher’s metode baseret pa p-veerdien (forkastelse
eller ikke-forkastelse af H,), pa trods af, at de to tilgange faktisk er uforenelige
(Hubbard and Bayarri, 2003).

Vi kan godt g& rundt og lade som om - eller forsgge at overbevise os selv
og hinanden om - at vi i vores empiriske forskning ikke er dikteret af rigide
konventionelle signifikansniveauer. Men praksis viser noget andet, jf. indled-
ningen til afsnit 2: Signifikans pa 5% niveau fungerer stadig som en de facto
overlaegger for at kunne erkleere et videnskabeligt resultat! Denne praksis
forer pa den ene side - som argumenteret ovenfor - til ’pavisning’ af for mange
effekter og sammenheenge, der ikke reelt eksisterer (eller som er ubetydelige),
men indebeaerer samtidig en underprioritering af forhold, der burde spille en
langt storre rolle i empiriske analyser, s& som gkonomisk signifikans (fremfor
statistisk signifikans) og modelusikkerhed (fremfor stikprgveusikkerhed).

Som naevnt ovenfor har Benjamin et al. (2018) foreslaet en generel saenk-
ning af det konventionelle 5% signifikansniveau til 0.5% som et ’quick fix’ til
at rydde ud i de mange false discoveries. Men spgrgsmélet er, om udskift-
ning af én arbitraer konvention med en anden er vejen frem. Problemerne med
begrebet statistisk signifikans stikker langt dybere, og flere statistikere og em-
pirikere har pa det seneste givet endnu mere markante anbefalinger: "Moving
to a world beyond "p<0.05"" (Wasserstein et al., 2019), "Abandon statis-
tical significance" (McShane et al., 2019), "Retire statistical significance"
(Amrhein et al., 2019). Under alle omstaendigheder bgr replikationskrisen
fa os til serigst at diskutere, om der er behov for en kultursendring i vores
empiriske praksis.
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How to construct Individual preference scales

Gorm Gabrielsen, Professor emeritus, Copenhagen Business School

The present work is a methodological study to investigate the possibly construction of
individual preference scales based on paired comparisons. The data material is consumer
preference of pork in Denmark.

A set of 56 consumers tasted four samples of meat as paired comparison. All of the six
possible pairs of four samples of meat were served to each consumer. In each comparison
of two meat samples, the preference was scored on a 15 c¢m visual analog scale. The
consumer was asked to mark on a line, which sample he or she preferred. A mark right
between the two meat samples means that they equally well liked or disliked the samples.
The closer the mark was to one of the sides the more was this sample preferred. The meat
was served to the consumers in a sensory laboratory (ISO 8589).

After a 10 minutes break the consumer scored the same four samples of meat on a 15 ¢cm
visual analog scale. This makes it possible to compare the results appearing from the use
of hedonic scales to the results appearing from the application of paired comparisons.
Using the two methodologies results at the aggregated level basically in the same
differences in preferences, but it seems that the consumers differentiates the samples more
in the paired comparisons. In addition, the method of paired comparisons makes the
individual differences visible. This shows a heterogeneity among consumers, which
question the concept of “mean consumer”.

For the consumer to rate a meat sample into a hedonic scale often requires use of
preliminary sorting. The preliminary sorting may be related to individual values - mothers
cooking - or it may be related to family values or to cultural values — sometimes named
“meta preferences”. The choice between the use of hedonic scale or paired comparison
therefore involves the question of which kind of preferences is of interest in a specific
situation.
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En simpel data-dreven Bayes faktor

By Klaus Rostgaard
Danish Cancer Society Research Center, Danish Cancer Society, Copenhagen
klar@cancer.dk

Abstract

Traditionel frekventistisk testning farer i praksis for ofte til afvisning af nulhypotesen
(falsk positive) bl.a. fordi der ikke tages hensyn til sandsynligheden for alternativet.
Bayesiansk metodik gar, men ofte er antagelserne for at gare det enten subjektive eller
utroveerdige. Der findes en approximativ formel for Bayes faktor som er monoton i like-
lihood-ratioen (og dermed p-vaerdien), som er simpel, og som kan anvendes bare man
kender dimensionen af alternativ-hypotesen, og den relevante teststarrelse eller p-vaerdi.
Denne Bayes faktor afhanger ogsa af en parameter, der udtrykker balancen i informa-
tion mellem prior og data. Vi vil give et bud pa hvordan den valges. Standard-udgaven
af denne Bayes faktor bliver en kontinuert udgave af Akaike informationskriteriet til
modelselektion.

Note: Dette indlaeg bygger pa et indsendt paper, derfor er der ingen detaljer her.

Introduktion

Den Bayesianske laereproces for en parameter 8 bestar i at opdatere en a priori teethed
p(6) med hvad vi leerer fra data X i form af en likelihood funktion L(6;X) til en ny tethed
p(B]X) « L(B;X) x p(6). Denne Bayesianske leereproces har en pendant for fordelingen
af sandsynligheden for at en given model/hypotese Mk er den rigtige i et endeligt univers
af modeller Mo,...Mk. Pendanten virker ved at a priori model odds, Pr(Mk)/Pr(Mo) op-
dateres i lyset af data X v.h.a. den sékaldte Bayes faktor (BFko) til at opna a posteriori
model odds Pr(Mx|X)/Pr(Mo|X)=BFko x Pr(Mx)/Pr(Mo). S& Bayesiansk hypotesetestning
gér ud pa at bruge denne formel til at udtale sig om hvor sandsynlige de forskellige
betragtede modeller er, efter at have set data. BFko = Pr(X|Mk)/Pr(X|Mo) og er dermed
en ratio af prediktiv performance pa data X, og noget der ligner en likelihood-ratio.

Det er klart ud fra disse formler at a priori model odds er noget som leeseren selv kan
veelge efter subjektivt forgodtbefindende, mens man ved prasentation af resultater nok
bar satte a priori model odds til 1, svarende til at denne prior er det eneste mulige kom-
promis mellem to opponenter der har preference for hver sin model/hypotese, og i gvrigt
svarer til at evidens fra data X er alt vi vil bringe i spil. Derfor er BF det eneste der er
vigtigt at forholde sig til.
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En universel Bayes faktor

Indenfor epidemiologi (og mange andre fag) er Cox, Poisson og logistisk regression
naermest eneherskende til parametrisk modellering, og de relevante tests er naesten altid
pa formen Ho: 6=0 versus Hi: 60, hvor estimatet for 6 under Ho antages asymptotisk
normalfordelt centreret i 0, Nq¢(0,V), og dermed at et likelihood -ratio test for Hy versus
Ho er y2-fordelt med d frihedsgrader, hvor d er dimensionen af 0.

Nar vi prgver at udbygge dette aymptotiske maskineri pa Bayesiansk vis, og kraver
monotoni i p-vardien (og formler der generaliserer naturligt fra én til flere dimensioner
— i én dimension er p-veerdi monotoni altid sikker) lander man lynhurtigt i én bestemt
formel for Bayes factor:

BF10= y¥2LRY = log(BF10) = d/2 log(y) + (1- y)/2 ¥

hvor LR er likelihood-ratioen for testet, %2 er forskellen i deviance mellem de tilsvarende
modeller og wy=A/(1+1) hvor A udtrykker en ratio af information mellem prior og data,
idet vi har antaget prioren under H til at veere Ng(0, A1V).

Hvordan veelges A?

BF1o er unimodal som funktion af y. Hvis y gares meget lille svarer det til at smare
sandsynlighedsmassen tyndt ud og dermed have meget lidt sandsynlighedsmasse i om-
egnen af maximum-likelihood estimatet for 6 (og derfor foretraekke Ho). Hvis y gares
meget stor svarer det til at koncentrere sandsynlighedsmassen omkring O, og vi laerer
ikke rigtigt noget af data (og foretreekker Ho). BF10 maximeres (sterst evidens for alter-
nativet Hi) for w=d/y2. Asymptotisk er 2 en Wald-teststarrelse, sa for at fa A til at
skrumpe i det rigtige tempo nr informationen i data (V) vokser veelger vi y ud fra A=
dry2.

Bayes faktor er som matematisk konstruktion symmetrisk i de to modeller/hypoteser.
Det vil derfor veere naturligt at kreeve at Bayes faktor skal vaere monotont voksende i y2
og at den for passende sma vaerdier af y?2skal vaere <1 (altsd understgtte Ho mere end
Hy). Det kan man opna ved at veelge A= min(d/y?, Amax). Hvis man fx veelger Amax =
0.255 farer det til en Bayes faktor der har pracis de ssmme preferencer som hvis man
anvender Akaikes informationskriterium til at vaelge modeller, hvor vi foretreekker den
simplere model (Ho) hvis forbedringen i deviance per dimension er mindre end 2.

Hvordan bliver denne inferens i praksis?

Hvis vi tenker pa likelihood-ratio testet og BF som funktioner af data X, der inddeler
parameterrummet i regioner hvor vi hhv. accepterer og afviser Ho, sa bliver formen pa
disse regioner den samme, men grensen mellem de to regioner ligger et andet sted,
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séledes at BF generelt vil udpege en starre region som kompatibel med Ho. Og dermed
far vi feerre falsk positive testresultater. Som navnt opfarer standard-versionen af BF
sig som om vi lavede modelselektion ud fra Akaikes informationskriterium. Ved at
veelge A tilpas lille (svarende til en meget svag prior der indeholder information svarende
til én observation eller ét udfald) kan vi far BF til at opfare sig som det Bayesianske
informationskriterium, som er konsistent, men som pé den korte bane favoriserer Ho
temmelig meget. Mulighederne er mange.

Bemark endelig, at hvis vi estimerer, fastlegger data altid i det lange lgb a posteriori
fordelingen, og prioren er i den forstand derfor ikke kritisk ved estimation. Hvis vi der-
imod tester eller predikterer slipper vi aldrig af med konsekvenserne af vores valg af
prior.
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Finansministeriets anbefalede diskonteringsrente er
en skat pa vores bgrn og bgrnebgrn?

Jesper Jespersen, Roskilde Universitet

Det nittende arhundrede strakte ’den finansielle kalkulation’ til det yderste som kriterium for,
om savel private som offentlige aktiviteter var anbefalelsesveerdige. Hele livsfarelsen blev her-
ved gjort til en parodi p& en bogholders mareridt: *kan det betale sig?” Den samme selvdestruk-
tive finansielle overvejelse hersker over alle tilvaerelsens aspekter: Vi gdelaegger landskabs
skanheder, fordi de gleeder ved naturen, der ikke lader sig omsatte i penge, ikke har nogen
gkonomisk veerdi. Vi ville om ngdvendigt veere parat til at slukke manen og stjernerne, fordi de
ikke giver dividende.

John Maynard Keynes (1933)

Samfundsgkonomisk tab: Drivhusgas og arbejdslagshed

Hvad har emission af drivhusgasser til atmosferen og de timer, der mistes ved
ufrivillig arbejdslgshed, til feelles?

De er irreversible. Emission af drivhusgas vil forgge den globale temperatur for
altid. Ligesom ufrivillig arbejdslgshed indebeerer et tab af produktion (og velfeerd)
for altid.

Den politiske ambition burde derfor veere at nedbringe emissionen af drivhusgas-
ser i et hastigt tempo frem mod ar 2030 og helt af afvikle emissionen inden ar
2050; for herved at bidrage til, at temperaturstigningen ophgrer i lgbet af det 21.
arhundrede.

Samtidigt hermed befinder dansk samfundsgkonomi (pa lige fod med de fleste
andre vestlige gkonomier) sig i den situation, at der i de kommende ar vil veere en
betydelig ufrivillig arbejdslgshed, som der ikke er en malrettet plan for at mind-
ske. Tveertimod vil der vare en betydelig risiko for, at europaeisk gkonomi bliver
paralyseret af krav om budgetbalance og nedbringelse af den offentlige geeld.
Altsé en gentagelse af forlgbet efter finanskrisen, hvor ikke mindst vedtagelsen af
Budgetloven og EU's finanspagt stillede sig hindrende for en genopretning af ba-
lancen i dansk gkonomi.

1 Opdateret og revideret kapitel 2.2 fra bogen ’Krisegkonomi og Klimagald’, Forlaget Jensen og Dalgaard, 2021

115



Denne mangel pa samfundsgkonomisk planlaeegning er paradoksal, idet den ggede
arbejdslgshed, jo giver en unik mulighed for at anvende ledige ressourcer (ar-
bejdskraft og ’gravkeer’) til at gennemfare den politisk gnskede omstilling af
dansk gkonomi.

Tillad mig at give blot et par historiske eksempler: Lillebaltsbroen i 1930erne og
etablering af Storebeltsforbindelsen i farste halvdel af 1990erne. Perioder med
ekstraordingr hgj arbejdslgshed. Jeg kender ikke én faggkonom, der i dag udtryk-
ker andet end fuld anerkendelse for gennemfarelsen af disse ganske store anlaegs-
projekter.

Behovet for gennemforelse af en *gron omstilling’ er lige sd abenbart. Det vil
nemlig stille krav om betydelige investeringer i: vind-, sol- og jordenergi, omstil-
ling af industri, af transport, af landbrugsproduktion og isolering og opvarmning
af boligmassen. Skal denne omstilling lykkes, vil det kreeve, at der hver ar iveerk-
seettes ekstra private og offentlige investeringer i starrelsesordenen af en halv Sto-
rebaltsforbindelse, dvs. 20-30 mia. kr. Set i forhold til det danske bruttonational-
produkt pa ca. 2.400 mia.kr. er det dog ikke noget overvaldende belgb — og slet
ikke, nér de ngdvendige produktionsressourcer star ledige!

Benspaend for den samfundsgkonomiske rationalitet

Realiseringen af denne omstilling vil dog kraeve: for det farste at Budgetloven
&ndres, og for det andet at finansministeriets vejledning vedrgrende vurdering og
anbefaling af offentlige investeringer — herunder miljg- og klimainvesteringer —
&ndres. Den skal bringes i samklang med den samfundsgkonomiske virkelighed:
karakteriseret ved stigende arbejdslashed, lav realrente og beskeden BNP-veekst
de naeste mange ar.

Budgetloven opererer med et krav om strukturel balance pa den offentlige sektors
saldo. Det vil sige at underskud op til 3 pct. af BNP kun kan accepteres i helt
ekstraordingre krisesituationer, som f.eks. Covid19-krisen 2020-22; men efter-
falgende er kravet balance pa budgettet. Dog har et bredt flertal i folketinget netop
bevilliget en undtagelse fra Budgetloven i form af et ekstraordinert underskud pa
ca. 10 mia. kr., der dog er gremerket til ggede forsvarsudgifter. Men sa lgftede
finansministeriet ogsa pegefingeren overfor andre ensidige udgiftsstigninger. (ja,
et underskud pa ¥z pct. af BNP er tilladt; men sigtet skal vare balance). Det bety-
der, at et lgft i det granne investeringsniveau kun kan gennemfares, hvis der spa-
res andre steder pa de offentlige budgetter, eller den lenge ventede CO2-afgift
vedtages og provenuet gremaerkes til klimainvesteringer. https://al-
tandetlige.dk/blog/jesperjespersen/vil-krisen-skabe-opbrud-makrooekonomisk-
teori-799
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Finansministeriet anbefaler en hgj diskonteringsrenten

Men budgetloven, som folketinget kunne a&ndre med et pennestrag, er ikke den
eneste blokering for den grgnne omstilling. Lige sa blokerende er finansministe-
riets krav om et realafkast pa alle offentlige investeringer pa 4 pct. (, der ligeledes
bygger pa den teoretiske misforstaelse, at samfundsgkonomien kan analyseres
som veerende i en langsigtet tilstand af fuld ressourceudnyttelse: generel ligevaegt
(sic!), og at den ’rigtige’ samfundsekonomiske rente kan fastsaettes som varende
lig med den forventede reale veekst plus et (betydeligt) risikotilleeg. Begge anta-
gelser farer til en diskonteringsrente, der resulterer i en massiv underinvestering i
den offentlige sektor navnlig i perioder med langvarig arbejdslgshed, overopspa-
ring i den private sektor og lav veek

Boks: Tekst og tabel fra Finansministeriet, 2021

Opdatering og saenkelse af den samfundsskonomiske diskonteringsrente
Finansministeriet har besluttet at opdatere og senke den anbefalede samfunds-
okonomiske diskonteringsrente fra 4 pet. til 3,5 pet. i ar 0-35, fra 3 pet. til 2,5 pet.
1ar 36-70 og fra 2 pet. til 1,5 pet. efter 70 ar. Den geldende samfundsekonomiske
diskonteringsrente er illustreret 1 tabellen nedenfor.

Tabel 1
Den opdaterede samfundsekonomiske reale diskonteringsrente

0-35 ar 36-70 ar >70ar
Real diskonteringsrente 3,5 pct. 2,5 pet. 1,5 pet.
Risikofri realrente 2 pct. 1,75 pct. 15 pet.
Risikopreemie (ikke-diversificerbar risiko) 1,5 pct. 0,75 pct. 0 pet.
Memo-post
Real statsobligationsrente i 2025-fremskrivning 0,5 pct. 2 pct. 2 pet.

Anm.: Den faldende profil for den samfundsekonomiske diskonteringsrente anvendes pa den méde, eksempelvis
for et projekt der lober over 75 4r, at den del af projektets omkostninger og gevinster, der realiseres i lobet af
de ferste 35 ar, diskonteres med en rente pi 3,5 procent pr. ar, mens gevinster og omkostninger, der ligger
mellem ar 36 og ar 70 diskonteres med en rente pi 2,5 pct,, og for ar 71-75 anvendes 1,5 pet..

Ovenstaende tabel stammer fra Finansministeriets vejledning til offentlige myn-
digheder vedrarende valg af diskonteringsrente ved gennemfarelse af samfunds-
gkonomiske cost-benefit analyser:Der kan stilles mange undrende spgrgsmal til
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denne tabel, der anbefaler en real diskonteringsrente pa 3% pct. i 35 ar efterfulgt
af en uforstaelig aftagende tidsprofil2.

Lad mig begynde med den uforstaelige tidsprofil: at risikotillegget reduceres jo
leengere ude i fremtiden indtaegter og udgifter ligger? Et er vel sikkert, at jo len-
gere ude i fremtiden en begivenhed ligger desto starre er usikkerheden — eller
hvad? Men i lyset af den hgje diskonteringsrente pa 3% pct. p.a. og dernaest 2%
pct. p.a. de farste 35/70 ar, sa kunne renten samand efterfalgende sattes til nul
eller til 5 pct. i de fglgende ar. Det ville under alle omstaendigheder kun have en
minimal indflydelse pa nutidsveerdien af investeringen, da de fremtidige indtaegter
og udgifter allerede efter 70 &r er nedskrevet til mindre end 10 pct.®

’Den samfundsekonomiske diskonteringsrente’: Prisen pa fremti-
den

Diskonteringsrenten er et udtryk for det ekstra belgb, som kreeves af investor for
at en fremadrettet investering har en positiv nutidsveerdi. Er renten 4 pct. p.a. sa
kraeves det, at en investering i dag pd 100 mill. kr. om ét &r skal betales tilbage
med 104 mill. kr.

| tabellen nedenfor ses der pa en investering, der lgber over 35 &r, hvor finansmi-
nisteriets rentekrav er 4 pct. p.a. Det betyder, at investeres der 100 mill. kr. i en
vindmglle, der producerer elektricitet, skal der om 35 ar betales 400 mill. kr. til-
bage med rentes rente. Det er derfor fuldt berettiget at kalde ’renten’: enten for
*prisen pé fremtiden’ eller méske endnu mere korrekt for en ’skat pa vore bern og
berneborn’.

Problemet er blot, at sddan fremstilles det ikke i den offentlige debat. Her anses
en betydelig positiv forrentning nermest som et indiskutabelt krav — prov at
sparge din bank! Det giver maske mening, sa lenge vi taler om et privatgkono-
misk 1an, hvor renten til en vis grad er at ligne med en forsikringspreemie. Hvis
lantager gér fallit, er pengene (delvis) mistet. Men i en samfundsgkonomisk

2 Den samfundsgkonomiske diskonteringsrente, Finansministeriet, 12. november 2018. Her var anbefalingen 4
pct. —men efter hardt pres ikke mindst efter Eldrup-udvalgets redeggrelse, hvor en sadan hgj diskonterings-
rente satte et spgrgsmalstegn ved den samfundsgkonomiske rentabilitet af omstillingen til el-biler. Der blev
efterfglgende udarbejdet en anbefaling af at mindske diskonteringsrenten til 3% pct. og et supplerende notat,
https://fm.dk/media/18371/dokumentationsnotat-for-den-samfundsoekonomiske-diskonteringsrente 7-ja-
nuar-2021.pdf. Hvorfor risikopraemien’ falder efter 35 &r, henstar i det uvisse; men det har stort set ingen be-
tydning, idet nutidsvaerdien af de belgb, der indgér i CB-analysen efter 35 &r med en realrente pa 3% pct., er
diminutiv.

3 Det er netop det problem, som de bevilligende myndigheder sl&s med i forbindelse med dekommissionering
af atomreaktoren pa Risg. Da den blev planlagt for mere end 50 ar siden synede udgiften til afvikling af reakto-
ren diminutiv, da man dengang benyttede en endnu hgjere real diskonteringsfaktor. Men dyrt blev det den dag
afviklingen blev pabegyndt for ca. 10 ar siden og er endnu ikke afsluttet.
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kalkulation, hvor det er samfundet eller rettere ’sleegtsgérden’, der skal vedlige-
holdes, og det er staten, der str som lantager og garant, er problemstillingen sna-
rere omvendt. Investeringer i baeredygtig udvikling ger sleegtsgarden mere robust
over for bl.a. klimatiske omskiftelser og mindsker herved den samfundsmassige
risiko, som er knyttet til andre private eller offentlige investeringsprojekter, der
reekker ud i fremtiden.

Som illustreret i nedenstaende figur er et hgijt afkastkrav til fremtidssikring af
samfundsgkonomien en sikker made at forarme kommende generationer pa. Jo
hgjere rente desto feerre investeringer i en beeredygtig fremtid. Det farer simpelt-
hen til underinvesteringer ikke alene i miljgbeskyttelse, klimaforbedring, men
0gsé i undervisning, forskning og infrastruktur.

Kravet om den hgje diskonteringsrente synes i dag helt lgsrevet fra den samfunds-
gkonomiske virkelighed. Alene af den grund, at staten kan lane til en realrente,
der leenge ligefrem har veret negativ! Sa politikerne burde udfordre finansmini-
steriet: Hvor kommer dog argumentationen om sa en hgje en realrente fra?

Jeg bliver i hvert fald laeseren svar skyldig. Men efter at have leest vejledningen
star det indtryk tilbage, at finansministeriet muligvis forveksler samfundsgko-
nomi med privatgkonomi.

Figur 1. Nutidsveerdi og diskonteringsrente
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Figur 1. Kalkulationsrentens betydning ved investering i havvindmeller. Alle belob
i1000 kr.

Kilde: Den samfundsgkonomiske kalkulationsrente — fakta og etik, Concito, notat, februar, 2011 (sa
dette er ikke nogen ny erkendelse!)
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Diskonteringsrente, baeredygtig udvikling og kommende generati-
oner

Det andet mindst lige sa tungtvejende argument imod en hgj diskonteringsrente
er af overvejende etisk karakter og negligeres derfor ofte i den gkonomiske litte-
ratur. Enhver renteberegning er som navnt ovenfor reelt en afvejning mellem nu-
tid og fremtid. Et krav om en positiv rente/afkast er saledes en form for byrde/be-
skatning af fremtidige generationer. En positiv diskonteringsrente betyder, at den
nuvarende generation kraever af kommende generationer et over tiden stigende
belgb som tilbagebetaling af et givet lanebelgb. Fastszttes renten til 4 pct., bety-
der det med rentes rente, at om blot 17 ar skal der betales et belgb tilbage, der er
vokset til det dobbelte og om 35 ér til det firdobbelte! Det kan vist uden overdri-
velse kaldes en betydelig beskatning af kommende generationers velfard, jeg fri-
stes til at sige livsvilkar, som sdledes er indeholdt i finansministeriets vejledning.

Jeg ville have svart ved at se mine bgrn og barnebarn i gjnene, hvis jeg stillede
et krav om, at de penge, som de har brug for at lane af mig i dag, skulle betales
tilbage med rente og rentes rente. Hvorfor gaelder det samme etiske princip ikke
for offentlige investeringer? De er jo ngdvendige fallesskabsudgifter til at sikre,
at der er en velfungerende samfund(sgkonomi), nar barn (og barnebgrn) nar min
alder. Det er en ’slaegtsgard’, som vi har fiet ansvaret for at forvalte og sikre ved-
ligeholdelsen af. Vi har kun faet den til lans af vore foreeldre og med (moralsk)
pligt til at give den videre i ordentlig stand til den naste generation.

Det kan desvaerre med en betydelig ret haevdes af Gretha Thunberg m.fl., at den
nuvaerende generation (fedt i efterkrigstiden) pa en raekke omrader har misragtet
’sleegtsgérden’. Den dyne af CO2, som er blevet lagt udover kloden og som stadig
forages med rivende hast ar for ar, er der ganske enkelt ikke blevet betalt for. Det
i mange andre sammenhange gode princip, at *forureneren betaler for oprydnin-
gen’, burde vel ogsa galde her?

Men hvordan ryddes der op i atmosfeeren? Teknologien er endnu ikke udviklet
hertil. Det er derimod den teknologi, der kan skabe og sikre en endog sardeles
effektiv produktion af vedvarende energi. Det vil dog kreeve massive ’gronne’
investeringer, som den nuvarende (specielt ldre) generation burde foresta og
betale, for herigennem at bidrage til at miljggaelden vokser langsommere og helt
opharer med at vokse efter ar 2050, se Jespersen, Veakstgkonomi pa vildspor,
2019!

En anden made at betale denne miljogeeld af pa kunne veere at renoncere pa kravet
om et positivt afkast pa disse investeringer. Ja, det moralsk korrekte ville vel
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ligefrem veere at give et tilskud til disse investeringer i form af en negativ rente.
Det ville fremskynde omstillingen til beaeredygtig gkonomi. Hvorved den sam-
fundsmaessige risiko for et kollaps mindskes, hvilket som navnt vil ggre private
investeringer mindre risikobehzftede til fordel for kommende generationer.

Et krav om en positiv realrente (der ligger udover den realgkonomiske veekst*) pa
investeringer i en baeredygtig fremtid er slet og ret en beskatning af kommende
generationer. Hvorfor skal personer, der i dag sparer op egentlig have et pa for-
hand fastlagt tilleeg i form af et renteafkast i en samfundsgkonomi, der mildt sagt
har en usikker fremtid? En usikkerhed der ydermere forsterkes, hvis der ikke in-
vesteres tilstreekkeligt i baeredygtig udvikling.

Hvilket leder frem til det samfundsgkonomiske paradoks — eller méske rettere di-
lemma: Jo hgjere kravet om afkast er (fra de gradige pensionsopsparerne), desto
mindre bliver der investeret i baeredygtig omstilling, hvilket forgger risikoen for
et samfundsmassigt sammenbrud, at veeksten gar i std og maske ligefrem bliver
negativ.

Det samfundsetiske perspektiv tilsiger sdledes, at fremtiden burde indgd med
mindst samme veegt som nutiden ved beregningen af, om ’det kan betale sig’ at
gennemfare "grenne’ investeringer. Det vil sige, at der skulle benyttes en diskon-
teringsrente pa nul. Ja, maske ligefrem en negativ rente, hvis den omhandlede
investering nedsatter risikoen for et sadant sammenbrud i fremtiden. Investering
i en grgn og beredygtig udvikling er jo at sammenligne med en slags lynafleder,
hvis veerdi de feerreste betvivler!

Konklusion: Slegtsgarden forfalder, hvis der ikke investeres i
fremtiden

Hvis det perspektiv, at samfundet kan lignes med en slaegtsgard, accepteres, sa
burde enhver generation som en selvfalge fole sig forpligtet af en *samfundskon-
trakt’, hvori vedligeholdelse af ’slaegtsgdrden’ indgér som en selvfelge. Man
kunne kalde det en moralsk forpligtelse til at sikre, at sleegtsgarden overdrages i
god stand til den naeste generation. Det er — kort fortalt — den neoliberale gkonomis
forbandelse, at den har individuel optimering som sit teoretiske grundlag. Her er
veerdigrundlaget som bekendt individuel optimering af nutidsvardien: Det er ud-
gifter, som jeg har nytte af, der skal optimeres — jfr. bl. a. Keynes’ kritik i det

4 Dette forbehold skal naturligvis vurderes i lyset af den usikkerhed der i dag hersker om der overhovedet er
nogen rimelig forventning om en realgkonomisk vaekst pr. capita i dansk gkonomi — herom strides de laerde.
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indledende citat af sin samtids ekonomer: det sakaldte *Treasury View on Money
and Finance’.

Leegges denne neoklassiske, privatgkonomiske og individualistiske optimerings-
teori til grund for vurderingen af offentlige investeringer, sa bliver ’sleegtsgarden’
misligholdt; *for det kan jo ikke betale sig’. S& jeg har en betydelig forstéelse (og
sympati) for den anklage Greta Thunberg’s rettede mod de ’gamle mand’ pad me-
det i U.N.'s Climate Action Summit in New York City, september 2019 med or-
dene: "How dare you?’

https://www.npr.org/2019/09/23/763452863/transcript-greta-thunbergs-speech-
at-the-u-n-climate-action-summit

Sa lad mig slutte, hvor jeg begyndte: at finansministeriets anbefaling af at benytte
en diskonteringsrente pa tidligere 4 pct. nu 3% pct. p.a. indebarer, at der spilles
ungdigt hasard med vore barns og barnebarns livsvilkar, for det farer til underin-
vestering i ’slaegtsgarden’.

Litteratur:

Finansministeriet, Den samfundsgkonomiske diskonteringsrente, november 2018 (opdateret i
2021)

Jespersen, J. Miljggkonomi, Djafs Forlag, 1998 (kan stadig fis som e-bog)

Jespersen, J. Veekstakonomi pa Vildspor, Kgbenhavn: Jensen & Dalgaard, 2019
(Essays om gkonomi, politik og virkelighed igennem 20 &r)
https://jensenogdalgaard.dk/shop/non-fiktion/326-jd.html

Jespersen, J. Krisegkonomi og Klimageeld: hvor skal pengene komme fra? Kgbenhavn: Jensen
& Dalgaard, 2021

Keynes, John Maynard "National Self-Sufficiency” The Yale Review, Vol. 22, no. 4 (June
1933), pp. 755-769. https://jmaynardkeynes.ucc.ie/national-self-sufficiency.html
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Fertility and Promotions - Academic careers of economists over 40 years in
Denmark

Anne Sophie S. Lassen, CBS, and Ria Ivandic, Oxford/LSE

The arrival of children often takes place early in the research career. For many
researchers, the life-changing and demanding event of becoming a parent over-
lap with the period the researcher has to show high levels of research productiv-
ity with the aim of gaining tenure, or an equivalent promotion to a professorship.
It is important to understand how having children contributes to the ‘the leaky
pipeline’ of women and which factors mitigate or exacerbate gender gaps in at-
trition following parenthood. Our project asks how fertility decisions, and specif-
ically their timing, can affect women’s academic careers in Economics. We will
study this question with administrative data from Denmark covering the uni-
verse of individuals entering PhD programs in economics over a 40-year period,
linked with high-quality bibliometric data from Scopus. To understand how the
arrival of children affects productivity and how this maps on to women’s proba-
bility of a successful career in academia, we first estimate the unconditional child
penalty of women and men economists on career progression (i.e. attrition and
promotion). We then move on to estimate the child penalty of women and men
economists on productivity outcomes, namely number of publications and qual-
ity of publications. While being aware that productivity is endogenous to fertility,
we will estimate whether the child penalty in career progression persists once
we control for research productivity. High-frequency data on productivity and
family outcomes will allow us to compare whether the child penalty varies across
the timing of birth in different stages of the academic career, allowing us to draw
insights into how the timing of children interacts with pressure on early career
productivity and to what extent this disadvantages women. Finally, we will ex-
plore under which circumstances gender gaps are mitigated and focus on two
channels: first, the current position held by the researcher and the structure of
promotion and characteristics of their workplace and second, the individual cir-
cumstances depending on their partner’s career path.
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Om maling af det umalelige

Anvendelse af personlighedstest til etablering af studiegrupper

Mogens Dilling-Hansen
Department of Economics and Business Economics
Aarhus Universitet

Mail: dilling@econ.au.dk

Resumé

I denne analyse er der fokus pa personlighedstests og deres anvendelse til inddeling af nye studerende i
studiegrupper. Antallet af metoder til bestemmelse af persontype er lige s& mangfoldig som antallet af
forslag til personlige karakteristika, der har indflydelse pa en persons effektivitet i en given opgave-/team-
sammenhang. Den videnskabelige dokumentation af gevinsten ved at anvende personlighedstests er ikke
entydig, men der er konsensus om, at det er vigtigt at bestykke teams med forskellige persontyper.
| den empiriske del undersages det metodiske grundlag for inddeling af nye erhvervsgkonomiske studerende
i studiegrupper, og der anvendes data for 2018 og 2022. Der pévises en vis usikkerhed om maleskalaens
reliabilitet og specielt er den eksterne validiteten et problem, sa Izenge de latente strukturer ikke kan vur-
deres i forhold deres sande veerdier.
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1 Indledning

Vi ved det godt. Somme tider klarer en person en opgave bedre end andre ville have gjort det, og
selv om der er mange ressourcemassige arsager til det (evner, flid...), sé er der stadig noget tilbage,
der kan beskrives som type af personlighed. At vi er forskellige er nok ikke s interessant i gko-
nomisk forstand, men det er til gengaeld interessant at undersgge eventuelle sammenhange mellem

personlighedstype og evne til at klare en opgave.

Formalet med denne analyse er at undersgge, om sammensatning af studiegrupper pa universitets-
niveau efter typen af personlighed er en god ide. Populationen, der undersgges, er erhvervsgkono-
mistuderende ved Aarhus Universitet; de sidste 5 &r er studerende inddelt i studiegrupper med
henblik pa at reducere frafaldet, og tankegangen er den, at studiegrupper sammensat pa den “rig-
tige made” vil ikke alene gge leeringen for den enkelte studerende, men ogsa skabe positive afledte
sociale og leringsmassige effekter, der samlet ikke alene vil vaere til glaede for den enkelte stude-

rende men ogsé for hele studiet.

Opbygningen af analysen er som falger. Kapitel 2 indeholder en oversigt over personlighedstests
pa det danske marked med srlig fokus pa maling af de opstillede typer. Kapitel 3 er en prasen-
tation af det konkrete gruppedannelsesprojekt og data for hhv. 2028 og 2022. Analyserne prasen-
teres i kapitel 4, hvorefter der rundes af i kapitel 5 rundes af med en diskussion af de fundne

resultater.

2 Om personlighedstest
Anvendelse af OpenAl’s chatbot ChatGPT giver folgende beskrivelse af en personlighedstest:

”En personlighedstest er et redskab, der anvendes til at male og beskrive en persons personlighed.
Der findes mange forskellige typer af personlighedstest, men de fleste af dem har til formal at
indsamle oplysninger om en persons falelser, tanker, holdninger, veerdier og adferdsmanstre.
Formalet med personlighedstestene kan veere at hjalpe individer med at forsta deres egne person-
lighedstraek og at hjelpe organisationer med at veelge de bedst egnede medarbejdere til bestemte
job. Personlighedstestene kan ogsa bruges til at forudsige hvordan en person vil reagere i bestemte
situationer eller hvordan de vil fungere i en gruppe.” (kilde: ChatGPT).

Mao. der etables et link mellem en persons type og evnen at bestride et job.
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Selve opgaven, at klassificere personer efter typen af personlighed, er méske mindre interessant,
medens det at forskellige typer af personlighed i forskellig grad kan have indflydelse pa hvordan

personen Klarer et bestemt job, er af langt starre relevans.

Der er mange typer af personlighedstest, og alene en simpel dansk google-segning pa “person-
lighedstest” giver 103.000 hits. En lang reekke af de opstillede tests er grundleeggende god under-
holdning uden reel substans, hvilket understreges af den gruppe af udbydere, der anvender person-

lighedstyper (check fx https://www.disc-profil.dk/blog/personlighedstyper). Andre tests tilbydes

gratis af organisationer, der er aktive i jobsggningsprocessen, se fx KRIFA og JOBINDEX, me-
dens den store gruppe af personlighedstests er en del af et samlet kommercielt tilbud, hvor en
persons type matches med et givet job. Her skal omtales tre typer, MBTI, DISC og Belbin Test.

MBTI er interessant, fordi den opstillede procedure til etablering af personlighedstyper var en af
de farste (Isabel Briggs Myers udviklede konceptet i perioden 1920 til 1940) og fordi der var en
direkte reference til Jungs psykologiske forskning (se Jung (1976) og MBTI): Baseret pa Jung

bliver alle personer i MBTI beskrevet ved deres personlighedstype i en binzr form

i) Fokus pa omverdenen -> Ekstrovert eller introvert
ii) Tilgang til vurdering af information -> Analytisk eller intuitiv
iii)  Tilgang til beslutninger -> Baseret pa reesonnementer eller folelse

iv)  Tilgang til beslutninger -> Baseret pa vurdering eller opfattelse

De fire dimensioner kan udfoldes til 16 (2¢) forskellige persontyper, der hver iser er szrligt vel-

egnede til forskellige jobtyper.

DISC profileringen af personer (se DISC) er pa tilsvarende made et veletableret kommercielt pro-
dukt, der ogsa er baseret pa den psykologiske forskning og som ogsé inddeler personer i farver —
argumentet er igen, at din personlighedstype (her beskrevet via farven) bestemmer din adfeerd og

dermed ogsa din egnethed til forskellige typer af jobs (se DISC).

Opdelingen i typer vha. farverne rad, gul, gren og bla er i sig selv interessant; men nok sa interes-
sant er det, at personens personlighed kedes sammen med to generelle dimensioner: Personens
generelle ageren (introvert-ekstrovert) og personens tilgang til Iasning af en opgave (fokus pa job-

bet eller mennesket).
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Figur 1 DISC profilens opbygning — dominans, indflydelse, stabilitet og kompetencer
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Kilde: https://www.disc-profil.dk/blog/hvad-er-disc-profil

Det sidste kommercielle redskab (Belbin test) til at etablere personlighedstyper er valgt, fordi det
eksplicit sgger at etablere et direkte link mellem den enkelte person og rollen i et team — tankegan-
gen er, at jo bedre match, der er mellem en personlighedstype og krav til et givet job, jo bedre vil
et team af personer véere i stand til at lgse en given opgave. En s&rlig styrke ved denne metode er,
at ophavsmanden (Meredith Belbin) har rod i den engelske akademiske verden, og som falge deraf,
er der publiceret en reekke videnskabelige artikler om metoden. Dels har Belbin selv publiceret
bager om metoden (se fx Belbin (2010)) og dels er der flere artikler, der sgger at etablere viden-

skabeligt belzeg for sammenhang mellem personlighedstyper og effektivitet af teams.

Det er naturligvis en anelse bekymrende, at konklusionerne af de videnskabelige bidrag er lidt
forskellige; i Batenburg et. al. (2013) findes pa basis af et studium af 24 teams IKKE nogen kor-
relation mellem sammensatning og performance af et team, og det er pé linje med andre tilsva-
rende studier: En stor andel af studierne kan ikke pavise nogen sammenhang, medens resten pa-

viser “some evidence”.
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Swailes et. al. (2002) rejser desuden det grundlaeggende spargsmal, om der faktisk males korrekt,
nar en person klassificeres — baseret pa analyser af Cronbach’s Alpha konkluderes det blandt andet,
at der er behov for yderligere analyser, for validiteten kan bevises.

Figur 2 Belbin test — etablering af 9 grundleeggende teamroller
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Kilde: https://potential.dk/belbins-9-teamroller/2gclid=EAlalQobChMI_ICckNnv6gIVhKZ3Ch2wHWGZEAAYASAAEGIAD BwE
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De tre metoder, MBTI, DISC og Belbin, er alle eksempler pa, hvorledes en persons type og en
givet opgave bar matches, og deres valg af metode er ifalge dem selv, baseret pa arelang erfaring
... 0g baseret pa videnskabelig evidens.

Der er naturligvis graenser for, hvor stor grad af transparens, der kan forventes af kommercielle
virksomheder, mht. etablering af personlighedstyper; en ngdvendig men ikke tilstreekkelig betin-
gelse for, at méling af typer er reliabel (Cronbach’s alpha) og valid (stabilitet over tid) er dog, at
denne dokumentation er tilgeengelig. Et vaesentligt problem med at teste reliabilitet og validitet pa
denne méde er papeget af Cho et. al. (2015): Hajere reliabilitet kan opnas (ved at fjerne variable),
men det er ofte pa bekostning af validiteten (oprindelig inklusion af en variabel er baseret pa vali-

ditetsargumenter).

| det efterfglgende analyseres etablering af personlighedstyper med henblik pa at bestemme ar-
bejdsgrupper for nystartede erhvervsgkonomi-studerende i 2018 og 2022.

3 Maling af personlighedstyper - etablering af data

De erhvervsekonomiske uddannelser ved Aarhus Universitet producerer cand. merc.’er, og et ken-
detegn ved disse studerende er, at de har let ved at finde et job og at jobbet er godt lannet. Bagsiden
af medaljen er, at et relativt stort antal studerende dropper ud allerede i lgbet af det farste studieér.
Det kan der veare gode grunde til, men bade for den studerende, der dropper ud “for tidligt” og for
Aarhus Universitet er omkostningerne hgje, og derfor er der siden 2018 dannet studiegrupper,
saledes studerende udover at de samles pa gvelseshold (ca. 30 studerende) ogsa — pa frivillig basis
- tilbydes en studiegruppe bestaende af 4-5 studerende.

Metoden til inddeling i studiegrupper er inspireret af de gaengse metoder til at udfare person-
lighedstests, herunder de tre metoder prasenteret i kapitel 2. Den grundlaeggende tankegang er, at
arbejde i studiegrupper vil gge studieegnetheden for den enkelte studerende, at studiegrupper pa
4-5 studerende vil gge bade det sociale netveerk og gge leringen, at de studerende ikke er ens
udrustet med henblik pa at studere, og at studerende med forskellige kompetencer/personligheder
vil skabe den bedste dynamik i en studiegruppe.

Oplysninger til etablering af persontype er spargeskemabaseret, dvs. baseret pa selvrapportering,
og det er principielt tale om totaltaelling af hele drgangen af nye studerende. Ca. 1% af de nye
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studerende, der formelt er indskrevet som studerende den 20. august, har ikke gnsket at deltage og
der er i 2018 og 2022 informationer for hhv. 778 og 731 studerende.

Metoden til etablering af studiegrupper er dels inspireret af metoder til bestemmelse af person-
lighedstyper (dvs. med fokus pa studentens evne/tilgang til at samarbejde) og dels mélrettet til den
arbejdssituation, som en studiegruppe medfarer. Der males i fire dimensioner:

i) Dirigenten —> leder, effektiv, malrettet

ii) Redaktaren -> disciplineret, velstruktureret, detaljeorienteret
iii)  Idealisten -> nytenkende, velovervejet, kreativ

iv)  Facilitatoren -> fleksibel, positiv, social

Tankegangen er, at en studiegruppe vil fungere bedst, hvis der bade er en til at lede gruppen, en til
at fa arbejdet til at ske, en til at lave analyserne og en til at skabe den gode stemning; men hvor det
understreges, at ingen af kompetencerne kan sta alene. Hver dimension etableres pé baggrund af 6
holdningsspgrgsmal, og der anvendes en 5-punkts Likert-skalering; den efterfglgende gruppeind-
deling sker ved, at der udtages en studerende fra toppen af hver af de 4 dimensioner (principielt
simpelt tilfzeldigt, men med hensyn til en fornuftig kensmassig sammenhang). Som eksempel pa
de stillede sporgsmal anvendes 6 spergsmal til etablering af den studerendes “dirigent-egenska-

ber”:

Item 1:

Jeg er god til at motivere mine gruppemedlemmer til at bidrage til arbejdet.

Item 2:

Selvom jeg som udgangspunkt er interesseret i alles synspunkter, kan jeg hurtigt tage et standpunkt, nér
en beslutning skal treffes.

Item 3:

Jeg er god til at fordele arbejdsopgaverne mellem gruppens medlemmer med det formal at optimere pro-
cessen.

Item 4:

Jeg har en tendens til at blive utdlmodig, nar de andre i gruppen ikke arbejder i samme tempo som mig. /
Jeg kan have en tendens til at blive dominerende, hvis der er behov for at f& noget gennemfart.

Item5:

Jeg er ikke bange for at sige min mening, selvom jeg maske er i undertal i den pageeldende situation.

Item 6:

Jeg ser mig selv som en form for ledertype og kan treeffe den endelige beslutning, hvis det bliver ngdven-
digt.

Allerede efter farste runde (2018) var der behov for revision af et at de stillede spargsmal (item 4), s i de

efterfglgende reliabilitets- og validitetsanalyser er dette spargsmal udeladt; det kan dog bemaerkes at de

fundne resultater er robuste og er ikke pavirket af, at item 4 er udeladt.
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4 Analyse af reliabilitet og validitet af faktorer til gruppedannelse

For hvert individ, der deltager i undersagelsen, bestemmes personlighedstypen ved at beregne en
score for hver af de fire dimensioner/roller: Dirigent, redaktar, idealist og facilitator. | denne ana-
lyse af malingens validitet og reliabilitet fokuseres der p& “dirigent”-rollen; analyserne er ogsa
gennemfart for de gvrige analyser og resultaterne er helt pa linje med nedenstaende.

Til vurdering af de opstillede maleskalaer for de 4 personlighedstyper anvendes sammenligning af

gennemsnit og beregning af Cronbach’s a.

Cronbach’s a. = (%) (1 - %:ag)
hvor k er antallet af items (her 5), teelleren i variansudtrykket er variansen for hver item, medens
navnerens varians er for summen af de 5 items. Cronbach’s o angiver hvor meget de udvalgte
items korrelerer med hinanden og ligger i intervallet 0 og 1, og selv om malet ikke er et formelt

test pa reliabilitet, sa antages veerdier pa 0.7 og derover at vaere acceptabelt.

Tabel 1 ”Dirigent-egenskaber” for 2018 og 2022; gennemsnit og Cronbach’s a

2018 2022
Gennemsnit Cronbach’s Alpha _ Gennemsnit Cronbach’s Alpha
ltem 1 3.79 0.62 3.68%* 0.68
Item 2 3.89 0.59 3.83 0.66
Item 3 3.93 0.61 3.82%* 0.64
ltem 5 4.06 0.63 3.92*%* 0.67
Item 6 3.66 0.51 3.49** 0.57
Samlet 778 0.65 731 0.70

Noter: De beregnede gennemsnit for 2022 er sammenlignet med et 99% konfidensinterval beregnet for 2018 — en
signifikant afvigelse er anfart med **. Cronbach’s o for de 5 items er anfort i reekken "Samlet”; de partielle o er ud
for hver item er Cronbach’s o, givet det konkrete item udelades.

De studerendes vurdering af egne personlige egenskaber er givet arsagen til at alle spgrgsmal har
et gennemsnit over 3 (skalering er 1-5), og det ses at der i 4 ud af 5 tilfelde er en signifikant
@ndring i malingen af den gennemsnitlige “dirigent-egenskab” og i alle tilfzlde er der tale om et
signifikant fald. Udgangspunktet for maling af denne ordinale information over tid er, at niveauet
bar vaere nogenlunde uandret, s& dette fald er generelt problematisk, medmindre der er andre fak-
torer, der kan forklare faldet. Det faglige niveau (malt ved adgangsgivende karaktergennemsnit)
er stort set uzendret, ligesom evt. corona-effekter ikke bgr invalidere analysen (2018 og 2022 ligger

uden for den periode, hvor der var formelle restriktioner).
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Vurderes reliabiliteten af méleskalaen for “dirigent-egenskaber” ud fra Cronbach’s a er der pa
tilsvarende vis grund til en vis bekymring. Det kan endvidere anfares, at der for de gvrige dimen-
sioner er tilsvarende problematiske veerdier af Cronbach’s a: 0.75 for redaktar, 0.55 for idealist og
0.54 for facilitator; men for alle dimensioner er der tale om en stigende reliabilitet fra 2018 til 2022

... baseret pa Cronbach’s a.

En ngdvendig men ikke tilstreekkelig betingelse for valide maleskalaer er at de er reliable. Selv om
resultaterne er lidt bekymrende, sa er reliabilitet lettere at teste end validitet, fordi udover kravet
om at der méles konsistent, sa skal det ogsa veere “det rigtige”, der males. Det er et meget ambitigst
mal at male latente personlige karakteristika, specielt nar der kigges pa maling af personlige egen-
skaber, som ikke er objektive og som i bedste fald males pa en ordinal skala; dermed er der graenser
for, hvor formelt validitet kan vurderes. Ud fra gnsket om ekstern validitet, som sikrer at resultater
kan generaliseres, kan der trods alt opstilles en raekke betingelser, der skal vare opfyldte: Udover
at der méles reliabelt, s ma bestemmelse af personlighedstyper ogsé i en vis grad udvise stabilitet
over tiden. Tabel 1 viser, at selv om den anvendte maleskala maske er acceptabel, sa er det alligevel
bekymrende, at den gennemsnitlige vurdering for de bagvedliggende items, der bestemmer perso-

nens karakteristika, falder signifikant over tiden.

Tabel 2 Eksplorativ faktoranalyse p& ”Dirigent-egenskaber” for 2018 og 2022

2018 2022

Loadings  Communality KMO MSA  Loadings Communality KMO MSA
Item 1 041 0.17 0.74 0.43 0.18 0.77
Item 2 0.53 0.28 0.73 0.53 0.28 0.76
Item 3 0.45 0.20 0.70 0.57 0.33 0.74
Item 5 0.44 0.19 0.72 0.47 0.22 0.77
Item 6 0.79 0.62 0.68 0.80 0.65 0.70
Eigenvalue  2.10/29.3% 2.26/33.1%

Noter: Modellerne er estimeret vha. Maximum Likelihood og der er anvendt CFA. Begge modeller har kun egenveerdi
over 1 og er statistisk signifikante (Bartlett’s test of Sphericity). Tommelfingerregler siger, at MSA bar veere mindst
0.7, medens anbefalingen for loadings ligger i intervallet 0.4-0.7.

Vurdering af faktoranalysen pé “dirigent-spergsmalene” prasenteret i tabel 2 viser en statistisk
signifikant model og peen stabilitet i factor loadings over tid, men resultaterne illustrerer ogsa
svagheden ved korrelationsanalyser med mange observationer forstéet pd den made, at den faelles
latente faktor reelt ikke kan forklare de manifeste variable. Baseret pa faktoranalysen kan det der-
for ikke afvises, at maleskalaen er valid; men kun i tilfalde af, at den “sande vardi” af den latente

variabel kendes, vil det endeligt kunne afggres om maleskalaen er valid.
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5 Afrunding

Det er p4 mange mader interessant at betragte den store mangde af personlighedstests, farst og
fremmest fordi for de kommercielle versioner anfarer, at et match mellem personens type og et
givet job/team vil gge effektiviteten. Den videnskabelige litteratur pd omrader finder dog ikke

samme entydige sammenhang.

For gruppedannelsesprojektet for nye erhvervsgkonomistuderende ved Aarhus Universitet har der
veret positive tilbagemeldinger fra de studerende om tiltaget, men fordi der ikke er anvendt et
eksperimentelt design, sa er det ikke muligt at vurdere effekten pa frafaldet. Givet er det, at meto-
den til inddeling i studiegrupper falger de gaengse metoder, og at der ogsé er en vis usikkerhed

omkring, hvilke personlige karakteristika, der males.

Maske skal personlighedstests bare ses som et gjebliksbillede af en persons opfattelse af sig selv
... 09 s er det maske helt andre kriterier, der skal anvendes til at inddele studerende i studiegrup-
per.
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Stiger antal smittede af kenssygdommene lige meget?
Anders Milhgj
anders.milhoj@econ.ku.dk

Abstrakt

I de senere &r er antal personer smittede med klamydia, gonorre og syfilis
steget neermest eksplosivt, efter at smittetrykket var naer ved nul farst i halv-
femserne. | dette indleg undersgges, om smitten udvikler sig ensartet for
mend og kvinder, og for hhv. heteroseksuelle og homoseksuelle mend.

Data

Data er hentet fra Seruminstituttets hjemmeside, hvor manedlige antal indberettede til-
feelde af syfilis og gonorre, begge anmeldelsespligtige. og antal positive klamydiapraver
lgbende offentliggeres. Data offentliggeres ogsa opdelt pa smitte i indland/udland og
aldersgrupper, men i denne fremstilling benyttes kun opdelingen i kgn, idet antal smit-
tede for meand opdeles i kvinde-mand og mand-mand som smittevej for meand, der be-
tegnes hhv. hetero- og homoseksuelle mand, selvom disse ord er misvisende for bisek-
suelle. Der benyttes altsa tre grupper for gonore og syfilis, mens antal klamydiatilfazlde
kun opdeles efter kan. Det kunne veere interessant at benytte de gvrige opdelinger, men
det udseettes.

Niveauerne stiger voldsomt, maske endda eksponentielt, og seesoneffekten og den irre-
guleere komponent er tydeligt multiplikativ, sa der skal transformeres. | stedet for en
logaritmetransformation veelges en kvadratrodstransformation, da antal syfilistilfeelde
er sa sma, at en del maneder er helt uden smittede. | teorien kan fordelingen af antal
tilfelde pr. maned siges at veaere Poissonfordelt, og da middelveerdien i denne fordeling
er lig med variansen, er det naturligt at benytte en kvadratrodstransformation.

Grafisk praesentation af tidsraekkerne

Forsgges de tre tidsraekker for de manedlige antal gonoretilfelde for hhv. kvinder, he-
teroseksuelle mand og homoseksuelle mand plottet i samme plot, udvikler de tre tids-
reekker sig sa ens, at plottet bliver uden informationsveerdi. Niveauet stiger fra under 10
pr. maned for alle tre grupper til omkring 120 de seneste maneder i 2022. Der er en Klar
sesonvariation, der dog ikke er helt ens i de tre tidsreekker, se Figur 1 der viser reekkerne
i de to kalenderér 2018 og 2019. Figur 2 viser udviklingen i de manedlige antal positive
klamydiatilfeelde for meand og kvinder. Det er markant, at der er flere positive klamy-
diapragver blandt kvinder end blandt mand i hele perioden, og at niveauet stiger vold-
somt til ca. 2000 manedlige tilfeelde blandt kvinder og 1300 tilfzlde blandt mand.

Der er en sa&sonvariation med toppe i januar og august, se Figur 3, der viser reekkerne i
de to kalenderar far coronaen.
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Figur 1 Antal gonorretilfeelde for hhv. kvinder, meand smittet af meend og mand smittet
af kvinder i 2018 og 2019
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Figur 2 Antal klamydiatilfeelde for hhv. kvinder og meend
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Figur 3 Antal klamydiatilfeelde for hhv. kvinder og meend i 2018 og 2019
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Figur 4 Kvadratroden af antal syfilistilfeelde for hhv. kvinder, mand smittet af maend
og mand smittet af kvinder
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Der er fa syfilistilfeelde iseer i de tidlige ar i data, og der er endda mange maneder helt
uden tilfelde. Figur 4 viser kvadratroden af de manedlige antal tilfaelde for hhv. kvinder,
heteroseksuelle mand og homoseksuelle mend. Det ses, at for kvinder og heteroseksu-
elle mand er mange observationer nul, og kun fa, iser i de sidste maneder, er starre end
fire, dvs. med kvadratrod to. Niveauet for homoseksuelle mand er klart hgjere end for
de to andre tidsraekker. Der kan ikke spores saesoneffekter, da de i givet fald er slgrede
i den store variation i Poissonfordelinger med lav intensitet.

I de folgende afsnit analyseres tidsraekkerne for de tre kenssygdomme for hver sygdom
for sig, og til sidst samles de i alt otte tidsraekker i en samlet model.

Metode

Da der er szson i de fleste af tidsreekkerne, tages udgangspunkt i seson ARIMA mo-
dellerne, dvs. i den generelle seeson ARIMA(p, d, q) x ARIMAs(P, D, Q) model

(1 - 1B — .. — gpBP) (1 — ®1B2 — .. — ®pB1?)(1 — B)4(1 — BYPX; =
(1-01B—..— 03B (1- ©1B5— .. - OB R)g

I dette udtryk betegner B backshift (lag) operatoren og restledsprocessen, &, er hvid
stgj. Selve tidsreekken X; kan veere flerdimensional, nar alle parametrene er matricer.

Desuden benyttes dynamisk faktoranalyse, hvor en n-dimensional tidsraekke, X;, mo-
delleres ved hjalp af en k-dimensional latent tidsraekke A¢ ved

Xi=BAt + &t

Dette udtryk kan suppleres med observerede forklarende variable og et middelvardiled.
Her betegner B en n x k dimensional matrix med faktorloadings og &ter en k-dimensi-
onal vektor af ukorrelerede variable.

Den k-dimensionale latente tidsrackke At bestar af tidsraeekker, der fx. kan modelleres
ved seson ARIMA modeller.

I denne estimeres disse modeller ved brug af Proc SSM i SAS. Parametrene estimeres
ved Kalman filteret, der minimerer kvadratsummen af forudsigelsesfejlen ved praedik-
tion en maned frem. Disse forudsigelser plottes i flere af de fglgende figurer for at de-
monstrere modellernes fit i praksis.

Analyse af klamydiatilfeelde for to ken

For de to tidsraekker for antal positive laboratoriepraver for hhv. mend og kvinder be-
nyttes en seeson ARIMA model som en enkelt latent faktor, og da antallet for kvinder
er langt hgjere end for mand, skal der ogsa anvendes en niveauforskydning. Da det er
tydeligt pa grafen, at forskellen indsnavres mellem de to raekker indsnavres benyttes
ogsa en lineer trend for forskellen.

Den latente faktor fglger en ARIMA(O,1,1)xARIMA(1,0,0) model
(1-®:B%?) (1 -B)A = (1 - 01B) &
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Modellen bliver for X1, mand og Xz, kvinder
Xat =M + Wit

Xot=p+ B xt+A+wy

I denne model estimeres parametrene til

01 =0.81, @1 = 0.66, p = 16.83, f = — 0.00046

Alle parametrene er sterkt signifikante. Den lave numeriske vaerdi af det estimerede 3
trods t-veerdien —15.32, skyldes, at tidsbetegnelsen er i SAS’ standard, dvs. antal dage
siden 1/1 — 1960, der jo er voldsomt store tal.

Modellens fit ses af Figur 5, der viser forecasts med sikkerhedsgranser for de to tids-
reekker. Effekten af det signifikante B ses tydeligt pa, at afstanden mellem de to band
indsnaevres. Figur 6 viser disse forecasts samt de originale data efter en transformation
tilbage til de oprindelige antal.

Figur 5 Forudsigelse med sikkerhedsgraenser for antal klamydiatilfeelde for kvinder
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Figur 6 Forudsigelse for antal klamydiatilfalde for kvinder hhv. maend
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Analyse af de tre tidsreekker for syfilis

Observationerne for heteroseksuelle meend og for kvinder ligger pd samme niveau gen-
nem alle arene, sa det er naturligt at forsgge sig med samme model for de to tidsrakker.
Efter en reekke forsgg viser det sig, at den bedste model er at lade den latente faktor
fglge en ARIMA(1,0,0)xARIMA(1,0,0) model

(1 - @B?)(1 - ®1BY?) M = &

Antal smittede blandt homoseksuelle mand ligger pa et hgjere niveau og er i de senere
ar steget langt mere end de andre tidsraekker. Derfor adderes en lokal trend til de model,
der er den samme for de to andre reekker.

Sat Xy til kvadratroden af antal smittede heteroseksuelle mand, Xz kvinder og X3 ho-
moseksuelle mand.

X1t =Mt + Wa

Xot = At + Wat

Xat =Mt + Bt + Wat

Modellen for trendbidraget, p: er
Bt =P+ &,

hvor & er en hvid stgj.
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I denne model estimeres parametrene til
01 =0.99, ®1 = 0.99, var(&) = 0.00029
De to autoregressive parametre er teet pa en, men en model med differenser gik galt.

Figur 7 Forudsigelse af antal syfilissmittede for kvinder hhv. meand smittet af meend
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Figur 7 viser modellens tilpasning til antal smittede kvinder og homoseksuelle mand,
efter at der er transformeret tilbage. Det ses, at niveauet for homoseksuelle mand er
steget meget siden 2019, men det beskrives udmarket af den lokale trend, selvom vari-
ansen pa & faktisk ikke er signifikant forskellig fra nul.

Analyse af de tre tidsreekker for gonorre

Observationerne for bade homo- og heteroseksuelle meend samt for kvinder falger alle
en markant opadgéaende trend. For heteroseksuelle mand og for kvinder estimeres heeld-
ningerne til samme vaerdi. Det viser sig imidlertid, at den opadgaende trend for homo-
seksuelle mand ikke er lige sa konstant lineeer, som for de to gvrige reekker, men snarere
kommer i ’ryk’. Derfor beskrives den med en lokal trend.

Den bedste model er at lade den latente faktor fglger samme model som for syfilis

(1 - @B)(1 - ®1B2) &y = &
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Antal smittede blandt homoseksuelle meend ligger pa et hgjere niveau og er i de senere
ar steget langt mere end de andre tidsreekker. Derfor beskrives denne tidsraekke ved at
tilfgje en lokal trend til modellen for de to andre reekker.

Modellen bliver for X1, heteroseksuelle mand, Xz, kvinder og Xs, homoseksuelle
meaend.

Xu=k+t+wi
Xot=h+t+w
Xat =Mt + Bt + Wat

hvor der regresseres pa tidsindekset t for heteroseksuelle meand og for kvinder, mens Pt
betegner trendbidraget for homoseksuelle mand. Parametrene estimeres til

¢1=0.93, &1 = 0.66, var(&) = 0.00033 og haeldningen n er § = 0.00034

Figur 8 Forudsigelser af antal smittede med gonorre for hhv. mand smittet af mand og
mand smittet af kvinder
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Figur 8 viser modellens tilpasning til antal smittede hetero- og homoseksuelle mend,
efter at der er transformeret tilbage til antal smittede. Det ses, at niveauerne stiger for
begge raekker i nogenlunde samme takt; men i 2016 - 2017 og igen efter 2020 er ni-
veauet for antal smittede homoseksuelle mend tydeligt forhgjet. Det beskrives udmar-
ket af den lokale trend, selvom variansen pa & faktisk ikke er signifikant forskellig fra
nul.
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En samlet model for de tre kenssygdomme

De foregéende afsnit viste, at alle reekkerne, otte i alt, beskrives ved seson ARIMA
modeller med forskellige trendled tilfgjet. | det falgende afpraves en ide til at samle de
tre modeller for hver sin kanssygdom til en enkelt model for alle de otte reekker under
et. Som en grundmodel anvendes ARIMA modellen, der blev anvendt for gonorre tids-
reekkerne, da denne model er uden differensdannelser, og den indeholder kun autore-
gressive og saesonautoregressive led, der ikke i sig selv tager hensyn til trends. Den
suppleres derfor med trendled svarende til tidsreekkernes udvikling.

Modellen for de enkelte tidsreekker bliver med de estimerede parametre som vist ne-
denfor.

Syfilis, kvinder:

Denne tidsraekke indeholder ikke en trend, sd den modelleres blot med seeson ARIMA
modellen, der gar igen for alle de otte tidsreekker. Modellen er med de estimerede para-
metre indsat

(1-0.92B)(1 - 0.91B®) & = &

Syfilis, meend smittet af en kvinde:
Denne model er helt identisk med modellen for syfilis, kvinder.

Syfilis, meend smittet af en mand:

Saeson ARIMA modellen bruges igen, men den suppleres med en lokal trend, der giver
en synlig forbedring af fittet, med varians estimeret til 0.00031, der dog ikke er signifi-
kant.

Gonorre, kvinder:

Sason ARIMA modellen bruges igen, men den suppleres med en signifikant, p<0.0001,
opadgaende trend med haldning = 0.0015 pa dagsbasis.

Gonorre, mand smittet af en kvinde:

Seeson ARIMA modellen bruges igen, men den suppleres med en signifikant, p<0.0001,
opadgaende trend med haldning f = 0.0011 pa dagsbasis.

Gonorre, mand smittet af en mand:

Saeson ARIMA modellen bruges igen, men den suppleres med en lokal trend, der giver
en synlig forbedring af fittet, med estimeret varians 0.00020, der dog ikke er signifikant.
Klamydia, kvinder

Saeson ARIMA modellen bruges igen, men den suppleres med en signifikant, p<0.0001,
opadgaende trend med haldning § = 0.0014 pa dagsbasis.

Klamydia, mand

Sason ARIMA modellen bruges igen, men den suppleres med en signifikant, p<0.0001,
opadgéende trend med heeldning = 0.0018 pa dagsbasis.
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Fittet af den samlede model for de tre kenssygdomme

Der er ikke plads til at demonstrere modellernes fit ved hjeelp af plottede grafer i denne
fremstilling, men Figur 9 viser et andet aspekt af fittet. Figur 9 viser autokorrelations-
matricen for de otte residuale tidsrakker for lag nul, et og tolv.

Figur 9 Residualautokorrelationsmatricen for de otte tidsraekker

Variable/Lag 0 1 12

RESIDUAL_kq_kvinder R S, - .
RESIDUAL_kq_mand e - .
RESIDUAL_gq_kvinder R T o
RESIDUAL_gg_mand_hetero ++++.-.. ..++.—.. ...
RESIDUAL_gq_mand_homo  ++..+... ....+... e
RESIDUAL_sq_kvinder e T
RESIDUAL_sg_mand_hetero . .-...+. ..... oo e
RESIDUAL_sq_mand_homo  ....... oot eaeee e

*is > 2*std error, -is < -2*std error, . is between

Figur 9 viser, at der er signifikant restautokorrelation ved lag 1 for en del par af residu-
alreekker. Enkelte af disse autokorrelationer er numerisk i nerheden af 0.4, men langt
de fleste har p-vardier kun lige under signifikansgraensen pa 5%. Ved lag 12 er der hgje
autokorrelationer, lidt over 0.5, for antal klamydiatilfaelde for de to kan, hvilket betyder,
at sesonstrukturen for klamydia er signifikant forskellig fra seesonstrukturen i de andre
sygdomme.
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Veelgerundersggelser — styrker og svagheder

Peter Linde, peter@brede.dk

Baggrund

Jeevnligt kan man lese fglgende formulering i aviserne: Ifdlge en repraesentativ vaelger-
undersggelse lavet af xxx (fx Gallup, Voxmeter, Epinion, Megafon, ...) for yyy (fx DR,
TV2, Altinget, Ritzau, Politiken, Berlingske, ...) siger danskerne.... Ofte fulgt op med et
forbehold om en sakaldt tilfeeldig statistisk fejl pa 2,5%. Resultaterne star generelt til
troede i den offentlige debat og de systematiske forskelle, der er mellem valgundersg-
gelser, tilskrives ofte tilfaeldige fejl. Tal er tyranni — ggr alt numerisk og det betyder
naermest per definition det tallene beskriver er korrekt og faktabaseret.

Veelgerundersggelser er en meget lille del af analysebureauernes omsaetning, men en
ret stor del af deres omtale. Sa det er vigtigt, at troveerdigheden for vaelgerundersggel-
ser er stor. Mange har en interesse heri. Selvfglgelig de private firmaer, der salger
undersggelser. Medierne, der citerer dem og bruger dem journalistisk. Eksperter og
valgforskere, der spgrges om deres vurdering. Og sa selvfglgelig partierne og interes-
seorganisationer, der har deres egne undersggelser. Og sa alle os andre, der ogsa har
en mening.

Nogle gange kan man se vaelgerundersggelse beskrevet som en szerlig form for survey.
Uanset om dette er helt rigtigt, har de nogle forskelle fra andre undersggelser. De sam-
les ofte hurtigt ind med stort bortfald (og skaevhed), men spgrgsmalet er enkelt: Hvilket
parti vil du stemme pd, hvis der var valg i morgen? Over 1.000 svar er naeermes definiti-
onen pa, at man kan heefte lid til resultatet. Kvantitet slar ligesom over i kvalitet, hvis
antallet, der har svaret, bare er pa fire (!) cifre. Nogle gdr maske sa langt, at det udlaeg-
ges som undersggelsen dermed er repraesentativ. Metodisk har en reprasentativ stik-
prgve intet med antal svar at ggre. Antal svar har kun betydningen for sikkerheden.
Repraesentativitet betyder, man har et mini-billede af befolkningen pa alle parametre.
Dette kan kun sikres, hvis man udvaelger personerne tilfaeldigt. De vil sa ligge sa teet pa
den samlede valgerbefolkning, som man kan. Alle skal kunne vzelges og med samme
(kendte) udvalgssandsynlighed. Hvis man har et udsnit med vaelgere, der er skaevt (ikke
repraesentativt for hele befolkningen), fx boligejere, bliver fejlen (biasen) ikke mindre
- og repraesentativiteten bedre - af at udvaelge dobbelt sa mange fra det skaeve udsnit.
Det bliver kun mere sikkert skraevt.

Da veelgerundersggelser publiceres hele tiden, kan man sammenligne deres resultater.
Der er forskelle, der er vedvarende mellem undersggelserne, ndar man sammenligner
over tid. Nar der er valg, er vaelgerundersggelser til eksamen. Her kan man se og spejle
toppen af isbjerget, men maske ikke hvad der er nedenunder.
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Mange vaelgerundersggelser spgrger ogsa til, hvad man stemte til sidste valg. Fx i som-
meren 2022, hvad man stemte til folketingsvalget i 2019. Indsamlingsfirmaet har sale-
des bade en viden om, hvad de udvalgte svarer de ville stemme, hvis der var valg ’i
morgen’, og hvad de stemte sidst, hvis de altsa havde valgret og stemte. Hvis de kan
huske det. Men med dette sidste forbehold opfyldt har man en reference. For man kan
se, hvor godt de samlede svar genskaber det sidste valg. Det er ikke en information,
der offentligggres. Bade fordi der vil vaere paene afvigelser, men ogsa fordi det er for-
midlingsmaessigt svaert at beskrive to valg samtidigt, nar det er de nye tal der interes-
serer. Viden om hvad vaelgerne i dag svarer om sidste valg, kan man bruge til at veegte
stikprgven, sa den passer med sidste valg. Hvis et parti har en for hgj andel, nar der
spgrges til sidste valg, veegtes disse svar ned (taeller mindre end 1). Og hvis et parti har
en for lille andel, vaegtes deres svar op (teeller mere end 1). Disse ratio vaegte kan gen-
bruges, nar man estimerer, hvad resultatet ville vaere, hvis der var valg i morgen’. Man
har saledes kontrolleret for historisk kendt viden, og da der er en paen positiv korrela-
tion mellem de historiske svar og de aktuelle svar, reduceres skeevheden (og faktisk
ogsa den tilfeeldige fejl). Dette kan man normalt kun ggre i undersggelser, der har ad-
gang til registeroplysninger om alle, der deltager i undersggelsen og for hele populati-
onen. Det skal veere de samme oplysninger, sa hvis den udvalgte, ikke kan huske hvad
han stemte, er der en metodisk udfordring.

| veelgerundersggelser har vi alle trin i processen i spil og udfordringer med dem alle:
Udveelgelsen, indsamlingen, bortfaldet og estimationen.

Forbehold

Denne korte artikel har ikke som aerinde at kritisere nogle analysefirmaer frem for an-
dre eller udpege en “vinder” og “taber” i 2022. Nedenfor vil nogle af forholdene oven-
for blive uddybet. Man kan selvfglgelig ga ind pa de forskellige hjemmesider og laese
dokumentationen for, hvordan man har gjort og hvad man har fortalt. Men livet er for
kort til at finde fejl hos andre. Det er er ogsa for let, for det er meget svaerere at finde
egne fejl og lere af dem. Men til den mundtlige fremlaeggelse vil der komme lidt tabel-
ler for at understgtte pointerne. Det kan af gode grunde ikke blive helt anonymt.

Udveelgelsen

Nogle vaelgerundersggelser baseres pa et internet-panel af veelgere, der ofte spgrges
gang efter gang. Der udvzelges fra internet-panelet, der kan vaere pa rigtig mange tu-
sinder personer. Panelerne suppleres Ipbende. Man kan ofte endda tilmelde sig dem,
og der er normalt praemier, sa man fastholder deltagelse i panelet. Rekrutteringen kan
ogsa ske gennem andre undersggelser. Bedst selvfglgelig fra undersggelser med hgj
kvalitet. Ngglen til kvaliteten af panelet er rekrutteringen. Fx er en medlemsundersg-
gelse i Coop nok bedre, end en undersggelse af bilejere. Uanset hvordan man rekrut-
terer vil der dog vaere en skaevhed allerede i udvaelgelsen. Det er kun et spgrgsmal om,
hvor stor den er.

146



Man kan ogsa udvzelge fra databaser over telefonnumre. Der er databaser med alle
telefonnumre, og man kan ogsa genere numre tilfaeldigt og prgve om der forbindelse.
| ”gamle dage” var det mere let. Hver familie havde én telefon og 15% havde ikke - lidt
forenklet. Hvis man udspurgte én person i hver valgt husstand, skulle man kun vaegte
for antal personer i husstanden (hvis der boede to i husstanden havde man den halve
sandsynlighed for at blive valgt i forhold til en ét personers husstand). Og bagefter
pregve at korrigere sa godt som muligt for de 15% uden telefon. Nu om dage er verden
anderledes. Hver person har maske nok en telefon, sa det skal ikke pa samme made
vaegtes for antal personer og telefoner i husstanden. Samtidig har mange mere end én
telefon. En arbejdstelefon, en privat telefon og maske en med taletidskort. De vil bliver
overreprasenteret. Fx har unge flere telefoner end ldre, arbejdsaktive flere end dem
uden arbejde, rige flere end fattige osv.

Man kunne ogsa udvalge fra CPR registeret, og fx bagefter finde telefonnummeret el-
ler en e-mail. Offentlige institutioner kan bruge e-Boks, hvis det er en undersggelse om
deres omrade. Nogle tror, at private analysefirmaer ikke har adgang til CPR stikprgver,
men det har de i CPR loven. De skal opfylde en raekke rimelige sikkerhedskrav, respek-
terer hvis man ikke vil deltage, og fortaelle hvorfra de har oplysningen. CPR registeret
er ngglen til at udveaelge rigtige repraesentative stikprgver, og reelt den eneste. Alle
analyse-enheder (offentlige som private) kan fa adgang, sa der er nok kun en udfor-
dring. Det koster mere i investering, dataindsamlingen og drift end fx internet-paneler.
Hvis man har en CPR baseret stikprgve, kan man fa den vaegtet til hele befolkningen
efter bortfald hos Danmarks Statistik, sadan at den opregnet svarer til fx indkomstfor-
delingen, uddannelse, stilling, etnisk baggrund, civilstand, boligform og antal bgrn. For-
hold der normalt betyder meget mere og er mere skaevt fordelt i bortfaldet end kgn,
alder og geografi, som man selvfglgelig ogsa kan korrigere for. De, der kun ggr det sid-
ste, er omvendt ikke i naerheden af noget der reelt kvalitetsforbedrer langt de fleste
undersggelser.

Indsamlingen

Hvordan man indsamler betyder ogsa noget. Det skulle gerne svare sa meget til valgsi-
tuationen som muligt. Her far man en stemmeseddel med partierne skrevet pa. Ikke
alle kan mellem valg huske, hvilke partier der er opstillet, og navnet pa nye partier
behgver ikke vaere alle-mands-viden. Internet besvarelse er mere fortrolig end nar man
udspgrges af en person. Hvis internetbesvarelsen skyldes man er udvalgt fra et inter-
net-panel, har man stadig denne skaevhed. Men hvis det er over e-Boks, er der det
muligt at sikre en repraesentativ udvaelgelse.

Bortfaldet

Alle undersggelser har skaevhed fra bortfaldet. Det er generelt de mest integrerede,
aktive og velfungerende i bred forstand, etniske danskere, dem med hgjst uddannelse
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og hgjst indtaegt, der svarer mest. Det betyder, at veelgerundersggelser med kort ind-
samlingsperiode og stort bortfald, udfordres ved det er grupperne ovenfor, der er over-
repraesenteret, og at estimatet af valgresultatet afspejler det. Det er en raekke partier,
der ofte bliver underrepraesenteret pga. af bortfaldet. Socialdemokratiet er et af dem.
Nogle mener, at de har et ekstra gear i slutspurten, men en helt naturlig forklaring
kunne vaere metodiske udfordringer i bortfaldet. Nogle gange undervurderes socialde-
mokratiet ikke — fx nar det gar tilbage i de vaelgergrupper, der underrepraesenteres i
meningsundersggelser.

Som naevnt tegner vaelgerundersggelser et for rosenrgdt billede af virkeligheden. Ind-
taegtsniveauet vil fx blive overvurderet med omkring 5%. Hvis der er diskussion af en
undersggelse, der siger, der er 4% misbrug eller 10% der har darligt helbred, kan man
normalt vaere sikker p3, det er stgrre. Man kan prgve at opregne herfor, men det kan
kun Igse en del af problemet. Derfor skal man selvfglgelig opregne alligevel — enhver
kvalitetsforbedring er et plus.

Estimationen

Den sidste store kilde til bias er estimationen. Ikke hvis man ggr det rigtigt, men hvis
man ggr det forkert eller datagrundlaget ikke kan bruges. To eksempler herpa.

| vaelgerundersggelser kan man opregne med et ratio-estimat for sidste valg. Det giver
meget god mening, hvis man svarer det, man rent faktisk stemte pa. Lige efter valget i
2019 er svaret om stemmen ved sidste valg mere korrekt, end nar der er géet 4 ar. Der
har veeret andre valg imellem, og man har maske for to ar siden skiftet parti og er ikke
helt sikker pa, om man allerede sidste gang stemte pa ens nye parti. Det sker let med
et parti vaelgerne i stigende omfang stgtter op om. Sa hvis fx parti X ved sidste valg i
2019 fik 10% af stemmerne, og er i fremgang og i virkeligheden i 2022 star til 15%, kan
man opleve, at fx 12% mener de (allerede) i 2019 stemte pa X. Der er ogsa andre kor-
rektioner, men denne ville alene betyde at man i 2022 estimerer partiet til:
15%*10/12=12,5%. Sa ratio-estimatet kan, hvis forudsaetningen ikke holder, risikere at
undervurdere partier i fremgang og overvurdere partier i tilbagegang, hvis man husker
forkert om, hvad man stemte sidst. Vaelgerundersggelser har en tendens til at blive
darligere, jo laengere tid der er gdet siden sidste valg.

Det andet eksempel er opregning for fx uddannelse. Hvis opregningen bygger pa, hvad
der star i uddannelsesregisteret for hele befolkningen og hvad der i samme register er
registeret om dem, der har svaret i den konkrete undersggelse, er en sadan standardi-
sering effektiv til at tage en del af det "rosenrgde” af undersggelsen. Men hvis opreg-
ningen er baseret registeroplysninger for hele befolkningen og egen oplysning om ud-
dannelse, gar det galt. Ca. 10% oplyser, at de har en hgjere uddannelse end den der
star i uddannelsesregisteret, og ca. 5% en lavere uddannelse. Det kan godt veere rigtigt
i den forstand af efteruddannelse (ogsa pa jobbet) i fx IT ikke star i registeret, ligesom
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man kan have en uddannelse som geograf fra ens ungdom, man ikke har brugt i mange
artier, fordi man nu fungere som automekaniker. Men det gar galt i opregningen. Egen
oplysningen om ens uddannelse betyder generelt, at der bliver for mange i undersg-
gelsen med en hgj uddannelse i forhold til det faktiske i registeret. Alle de med hgj
egen oplysning om uddannelse vil derfor blive vaegtet ned. Ogsa dem der har en hgj
uddannelse. Faktisk mere end deres ggede deltagelse i undersggelsen (mindre bort-
fald) treekker estimatet af gkonomiske forhold op. Som naevnt vil en undersggelse med
et normalt bortfald kunne overestimere gkonomiske forhold, fx indkomst, med 5%.
Men hvis man vaegter med egen oplysning af uddannelse mod befolkningens register-
uddannelse, er der eksempler pa det modsatte — konkret at man ender med samlet at
undervurderer indkomsten med 5%.

Konklusion

Churchill er gammel statistiker og skulle engang have sagt: Man kan kun handle pa
baggrund af statistik man selv har manipuleret, eller ved hvordan er indsamlet og be-
regnet. Det stiller alle, der samler data ind, overfor en opgave med at dokumentere.
Pa hjemmesiderne kan man se, om det er lykkedes. Ellers traeffer vi forkerte konklusi-
oner.

Ved valget i 2022 var en af overraskelserne for alle meningsundersggelser, at socialde-
mokraterne gik frem og fik et bedre valg end i 2019. Faktisk det bedste i 20 ar. Selvfgl-
gelig kan man give aeren til socialdemokraternes szerlige ever i slutspurten. Det syntes
socialdemokraterne maske er positivt. Og andre en belejlig forklaring. Men det kunne
maske ogsa skyldes noget metodisk i, hvordan der udvzaelges, indsamles og estimeres.

Ingen undersggelse er bedre end sit svageste led.

Nogle kilder fra egne artikler, sa ansvaret alene er forfatterens

Symposiet 2020: Repraesentativitet i paneler med Igbende udskiftning. En Igsning, der
virker universelt, ndr populationen ikke er statisk.

Symposiet 2019: Analyse af vaegtede stikpraver.

Symposiet 2018: Bias ndr surveys opregnes med egen oplyst uddannelse mod registre
— hvor galt kan det ga?

Symposiet 2016: Hvad betyder den ophgrte forskerbeskyttelse ved sammenligninger
over tid.

Symposiet 2015: Repraesentativitet i web-paneler. Hvor skaevt og kan det delvist Igses?
Symposiet 2014: Non-response adjustment by registers and estimation of variance by
replicate weights

Symposiet 2014: Hvad er repraesentativitet og hvad betyder det at non-response de
sidste drtier har veeret stigende?
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