Appendix

Table Al. Ordering of themes and lectures in Microeconomics over the years*

Theme Lecture and book  2013- 2014- 2015- 2016- 2017- 2018-

chapter** 2014 2015 2016 2017 2018 2019
[Numbers refer to the order of appearance in the course of
themes (T) and lectures (L)]

Introduction course L1:Ch.1&2 T1, L1 T1, L1 T1,L1 T1,L1 T1, L1 T1,L1

and the basics of

Microeconomics

Consumer behavior L2:Ch. 3 T2,L2 T2,L2 T2,L2 T2,L2 T2,L2 T2,L2

and demand functions L3: Ch. 4 T2,L3 T2,L3 T2,L3 T2,L3 T2,L3 T2,L3

Producer behaviour L4:Ch. 6 T3,L4 T3,L4 T3, L4 T3, L4 T3 L4 T3, L4

and supply functions.  L5: Ch.7 T3,L5 T3,L5 T3,L5 T3, L5 T3,L5 T3,L5

Perfect competition L6: Ch. 8 T4,L6 T4,L6 T4,L6 T4,L6 T4L6  T4,L6

and welfare. L7:Ch.5&9 T4,L7 T4,L7 T4,L7 T4,L7 T4 L7 T4,L7

Market power and L8:Ch. 11 & 12 T5,L8 T5,L8 T5,L8 T51L8 T5,L8

welfare; General L9: Ch. 10 T5, L9 T5, L9 T5, L9 T5, L9 T5, L9

Equilibrium Analysis.

Market power and L8:Ch. 11 & 12 T5,L8

welfare

Game theory and L10:Ch.13&14 T6,L10 T6,L10 T6,L10 T6,L10 T6,L10 T6,L9

oligopoly theory L11:Ch. 14 T6,L11 T6,L11 T6,L11 T6,L11 T6,L11 T6,L10

Externalities and L12: Ch 17 T7,L12 T7,L12 T7,L12 T7,L12 T7,L12 T7,L11

Information problems L13: Ch. 18 T7,L13 T7,L13 T7,L13 T7,L13 T7,L13 T7,L12

*The course is taught in Dutch but the text book used and the practice material offered by the publisher is in
English. For convenience we have translated the course themes in English. The years refer to academic years,
which are divided in four teaching periods. Periods 1 and 2 are in the Fall semester (September- January) and
Periods 3 and 4 are in the Spring semester (February — June). The course is taught in Period 3 for all years in the
table. **The relevant chapter from the course’s text book: Microeconomics: Theory and Applications with
Calculus (Global edition) (Perloff, 2018).



Table A2. Ordering of MCQs in relation to ordering of course themes

Panel A: First examinations

Course order of Lecture and 1314-1 1415-1 1516-1 1617-1 1718-1 1819-1

themes book chapter (40pts.)  (38pts.) (39pts.) (40pts.) (39pts.) (41 pts.)
(numbers refer to ordering of MCQs in examination version 1)

Introduction course L1:Ch.1&2 122 - - 1 1 1

and the basics of
Microeconomics

Consumer behavior L2:Ch.3 345 1,2 1,2,3 2,45 2,3, 2,34
and demand functions  L3: Ch. 4 4¢

Producer behaviour L4:Ch.6 6 34,5 4 3 5 5,6
and supply functions. L5:Ch.7

Perfect competition L6:Ch.8 7,8 6,7,8 5,6 6 6 7,8
and welfare. L7:Ch.5&9

Market power and L8: Ch. 11&12 9,10 9 7,8 8,9 7,8 9911
welfare & L9: Ch. 10 13 - - 11 9,10 n.a.
General equilibrium

Game theory and L10: Ch. 13&14 11,12 10,11 9 7,10, 11 10,12
oligopoly theory L11: Ch.1 14 12°

Externalities & L12: Ch. 17 - - 10 - 13 -
Information problems  L13: Ch. 18 14 12 11,12 - 12 13

Notes: ?Has also a slight relation with theme 2; °This question has been marked correct for all students due to a
mistake in the question; ¢Is also related to theme 3. 9 Is also related to theme 4.

Panel B: Second examinations

Course order of themes  Book 1314-2 1415-2 1516-2 1617-2 1718-2 1819-2
(40pts.)  (36pts.) (41pts) (40pts) (41pts.) (41pts.)

(numbers refer to ordering of MCQs in examination version 1)
Introduction course L1:Ch.1&2 1 - 1,485 1 1,28 1
and the basics of
Microeconomics

Consumer behavior L2: Ch. 3 2,34 1,2 2,3 2,4,12 4,35 2,3,4
and demand functions L3:Ch.4
Producer behaviour L4: Ch. 6 6,7 8 6 6 7,8 5,6
and supply functions. L5:Ch.7
Perfect competition L6: Ch. 8 5,8 3,459 7,89 3,8 6 7,8
and welfare. L7:Ch.5&9
Market power and L8: Ch. 9,10 6,7 10,13 5 10,9 9,10
welfare & 11&12
General equilibrium L9: Ch. 10 11 10 11,12 7 12,13 n.a.
Game theory and L10: Ch. 12,13 11 - 9,10,11 11 11,12
oligopoly theory 13&14

L11:Ch.114
Externalities & L12: Ch. 17 14 - - - - -
Information problems L13: Ch. 18 15 - - - 14 13

Notes: ®Has also a slight relation with theme 2.



Table A3. Scrambling of MCQs per examination, full sample period

1314-1 1314-2 1415-1 1415-2 1516-1 1516-2 1617-1 1617-2 1718-1 1718-2 1819-1 1819-2
AiVl V2 V3iVl V2 V3iV1l V2 V3iVl V2 V3iVl V2 V3{Vl V2 V3iVl V2 V3{V1l V2 V3iV1l V2 V3{V1l V2 V3iVl V2 V3i{Vl V2 V3
1+1 4 74¢1 4 7i1 3 2i1 3 2i{1 4 12{1 4 21 7 8i{1 6 4i{1 4 13{1 4 13{1 7 8i1 4 5
22 2 5i{2 3 6i{2 4 6i{2 4 6i{2 5 5i{2 3 1i{2 2 6i{2 3 12{2 7 5i2 6 9i2 5 13{i2 3 1
3i{3 3 6{3 2 5{3 1 4¢3 1 43 1 3i{3 2 6i{3 4 3i{3 7 5i3 12 1{3 1 6i{3 6 5i{3 8 6
414 1 4:4 1 3i{4 2 3i4 2 3i4 2 714 1 3i{4 1 4:i4 2 T7Ti4 5 214 3 114 2 1i4 7 3
5{5 8 3{5 10 4{5 8 1i{5 8 1i{5 8 1{5 8 1{5 3 1{5 1 8i5 2 4i{5 2 4i5 3 3i{5 2 7
66 7 21i6 2i{6 6 5i6 5 5i6 3 2i6 7 6 5 9i6 4 6i{6 1 3i{6 7 11i6 4 26 13 4
717 6 11417 17 9 8i{7 6 11{7 7 4:i7 6 7 6 5i{7 5 147 9 6i7 5 7T 1 6i7 1 2
8i8 5 14 8 15{/8 5 10{8 11 98 6 6i8 5 8§ 12 28 11 2:{8 6 7i8 14 3 {8 10 78 11
9i9 12 13{9 13 14{9 7 11i{9 10 9 11 8 {9 13 9 9 10{9 10 3i{9 8 10{9 10 9 13 12 9 10
10{10 11 1210 6 13{10 12 12/10 9 7 {10 9 9 {10 12 13{10 8 11{10 12 11{10 10 8 {10 8 5 {10 11 1110 9
11411 10 1111 12 12§{11 10 9 {11 10{11 10 10411 11 10411 10 12411 8 10i{11 13 9 {11 12 12i{11 12 10i{11 12 13
12412 9 10i{12 14 1112 11 7 12 12 11§12 10 8 {12 11 7 {12 9 {12 11 1112 13 14i{12 8 9 {12 11 8
13113 14 13 15 10 13 9 12 13 3 12:13 11 8 {13 13 10 12
14 {14 13 14 5 9 14 9 10
15 15 11 8

Notes: Column A gives the question number, irrespective of the version. The version columns give the place the particular question has in version 1. For instance, question 1
in V2 is question 4 in V1 and question 5 in V2 is question 8 in V1.



Table A4. Descriptive statistics for the main sample

Variable Mean Std. dev. Min Max
Dependent variable
MCQ answered correctly (0/1) 0.521 0.500 1 0
Independent variables
Sequenced (0/1) 0.374 0.484 1 0
Streak (natural log) 0.388 0.573 2.30 0

Control variables

Year (0/1) 2014 0.158 0.365 0 1
2015 0.180 0.384 0 1
2016 0.172 0.378 0 1
2017 0.151 0.358 0 1
2018 0.160 0.367 0 1
2019 0.179 0.383 0 1
Sit (0/1) First 0.692 0.462 0 1
Second 0.308 0.462 0 1
Score Open Question 1 (%) 0.501 0.254 1 0
Score Open Question 3 (%) 0.420 0.274 1 0
Score Open Question 4 (%) 0.387 0.275 1 0
Score Open Question 5 (%) 0.415 0.289 1 0
Score Open Question 6 (%) 0.452 0.294 1 0
Point available 3.11 0.641 5 2
Theme (0/1) 1 0.073 0.261 0 1
2 0.217 0.412 0 1
3 0.122 0.327 0 1
4 0.161 0.367 0 1
5 0.203 0.402 0 1
6 0.135 0.342 0 1
7 0.089 0.285 0 1

Notes: The table displays summary statistics for all variables for the full sample used in the baseline regression.



Table A5. Construction of main independent variables sequenced and streak

Year 2013-2014, first examination, Version 1

MC-ID Lecture Expected Examination  Sequenced (1 Streak
position position (V1)  =yes, 0 =no)
A 1 1/2 1 0 1
B 1 1/2 2 1 2
C 2 3/4 3 1 3
D 2 4/4 4 1 4
E 3 5 5 1 5
F 5 6 6 1 6
G 7 7/8 7 1 7
H 7 7/8 8 1 8
I 8 9/10 9 1 9
J 8 9/10 10 1 10
K 11 13 11 0 1
L 10 12 12 0 1
M 9 11 13 0 1
N 13 14 14 1 2
Year 2013-2014, first examination, Version 2
MC-ID Lecture Expected Examination Sequenced (1 Streak
position position (V2)  =Yyes, 0=no)

C 2 3/4 1 0 1
B 1 1/2 2 0 1
D 2 3/4 3 1 2
A 1 1/2 4 0 1
H 7 7/8 5 0 1
G 7 7/8 6 1 2
F 5 6 7 0 1
E 3 5 8 0 1
L 10 12 9 0 1
K 11 13 10 1 2
I 8 9/10 11 0 1
J 8 9/10 12 1 2
N 13 14 13 0 1
M 9 11 14 0 1

Notes: The tables illustrate the construction of the two independent variables: sequenced and streak. The first
column (MC-ID) is a question identifier. The second column (lecture) shows to which lecture in the course the
question is related. The next column displays the expected position of the MCQs following the course order of
lectures. There are two possible positions when two questions are related to one lecture. The fourth column
(examination position) indicates the actual order of questions on the examination for each version. When moving
up one examination position, a question is in the correct order if its expected position also increases by one. If this
is the case, that question will be marked as sequenced (1) in the second-to-last row and will add one to the streak
in the last row. Streak resets to one when a question is not sequenced (0).



Table A6. Results from various sensitivity analyses

Year excluded Baseline
2014 2015 2016 2017 2018 2019

Coefficient .187 .167 .093 116 .093 115 130
Std. err. .065 .053 .048 .052 .052 .057 .049
P-value .004 .002 .051 .025 .074 .044 .008

Observations 13379 13067 13146 13643 13346 13054 15927
Theme excluded
1 2 3 4 5 6 7

Coefficient 17 .143 121 147 114 139 134
Std. err. .049 .056 .053 .058 .056 .047 .052
P-value .0167 .010 .023 011 .044 .003 .009

Observations 14744 12400 13965 13275 12630 13857 14485
Student subpopulations
First attempt First Passed in  Passed in 1 First sit Second sit
(Yes) attempt >1
(No)

Coefficient .155 102 .243 .085 134 .105
Std. err. .060 .066 .069 .048 .061 .086
P-value .010 127 .000 .076 .027 217

Observations 9299 6628 4949 10978 10975 4952
Student score Control variable
<8 >7 Lecture (for Theme)

Coefficient 21 .260 110
Std. err. .049 .073 .050
P-value .013 .000 .027

Observations 15285 2049 15927

Cluster variable
Merged items Student-attempt

Coefficient 130 .104
Std. err. .055 .019
P-value .0172 .000

Observations 15927 15986

Student FE Y N

Notes: The table reports the relevant statistics for the main coefficient of the natural log of streak from baseline
empirical analysis (i.e., baseline in bold), Model 3 in Table 3. It further presents the coefficient, standard error, p-
value and number of observations for this variable when performing several sensitivity analyses. The first row
excludes certain academic years from the sample. The second row excludes particular themes, keeping all years.
The third row splits the sample across various student subpopulations. The fourth splits the sample for student
score and swaps a control variable, respectively. The final row uses a different approach to clustering the standard
errors.

Discussion of sensitivity analyses

The first set of sensitivity analyses focuses on removing each academic year separately from the sample. The logic
is that some years witnessed a change in the content order (see Table Al in this appendix). These do not drive our
results. The coefficient of the natural log of streak fluctuates slightly, as can be expected, but remains firmly
positive. Similarly, p-values may inflate, but always remain under the 0.1 threshold indicating that the effect is
almost certainly positive.

Second, we consider excluding specific themes because inter-theme associations may differ. When closely
associated, one would expect a stronger ordering effect. Ordered themes that are loosely associated still benefit
from the contextual cuing effect. The results of the sensitivity analyses, in which each regression removes one
theme, show that the effect is very stable and highly statistically significant. As such, there is no indication that
any theme has an unusually large influence on the effect of our streak variable. Similarly, substituting control



variable Theme for the more granular Lecture does not explain away the results either. Controlling for lectures
more accurately measures the spacing effect, which turns out not to confound the streak effect of forward
sequencing.

Third, we perform a series of student subpopulation tests. We look at subsamples with only students’ first attempt
at a microeconomics examination, only later attempts, only students that passed in one attempt, only students that
required more than one attempt, and the two examination opportunities each year (first examination or second
examination). Sample sizes shrink significantly, and p-values and coefficients may inflate as a result. However,
the effect remains positive for all subpopulations, indicating that selected student groups cannot explain away the
main results. Similarly, excluding students who perform well (grade > 8) or less well (grade < 7) confirms the
positive effect. The high and statistically significant coefficient suggests that (below-)average students benefit
most from the ordering effect. This makes sense given that they are situated in the Goldilocks zone of ordering
susceptibility. Most students perform well enough to answer most questions correctly, but not close to all
questions, meaning there is sufficient room for the ordering effect to increase the likelihood of performing well.



