Titel: How Students” Disciplinary Attitudes and Beliefs Affect Learning In Introductory

Statistics Courses
Author: Florian Berens

Published at eDiss-Repositorium, SUB Goéttingen, 2024 unter DOI:10.53846/goediss-10964

Content

1 First Part: Introduction: Rationale and Outline of This Dissertation:

Non-cognitive Factors in Statistics EQUCAtION ..o 18
I R 011 £ o [FTox (o] o I USSP PP PSPPSR 18
1.2  Attitudes, Beliefs and Anxiety — Definitions and Delimitations..............cc.cccccvennne. 20
1.3  Current State of Research and Deriving of Own Research Questions ...................... 31
2  Study 1: The Diamond Model of Statistics: Framing and Measuring Students”
Conceptions about OUr FIEld ........ccooiiiiiie e 71
2.1 INEFOTUCTION ..ottt 71
2.2 BACKOIOUNG. .....cuiiiiiiiiiiieee bbbt 73
2.3 Research Objective 1: Identifying Students' Disciplinary Conceptions.................... 78
2.4 Research Objective 2: Modeling Students” CONCEPLioNS ..........cccovveerereenieneienenn, 87
2.5 Research Objective 3: Measuring Students' CONCEPLIONS ........ccovvevvereririerireneennn, 95
2.6 DISCUSSION.....cutiitiitiitieiieie ettt bttt bbbttt ettt bbbt nes 100
2.7 APPENAIX 10 STUAY L ..o bbb 102
2.8 Concluding Remarks and Transition to Study 2..........cccccevveviiievieece e 108
3 Study 2: Al-based Digital Tutors as Intermediaries between Students, Teaching
Assistants, and Lecturers in Large-Scale Formal Educational Settings — A Design
SCience RESEAICH STUAY .......ocueiuiiiiiee e 110
3.1 INEFOTUCTION ..ottt bbbttt 110
3.2 Theoretical BaCKGrOUN ..........ccccoiiiiiiiiiieieiie e 114

3.3 RESEAICN DESIGN ...vviieiiecie ettt nns 1



3.4
3.5
3.6
3.7

Designing and Evaluating the Online Learning Environment.............cccccoeeveennene. 121

Discussion and Documentation of the Design Knowledge ...........ccccovvviiiiniinennene 150
(070] 0 o] (111 [0 o PRSP PP 155
Concluding Remarks and Transition to Study 3..........cccoovieiiiinenenneeeee, 155

4 Study 3: Spacing Can Be More Effective Than Scaling in Video-based Learning:

A Learning Analytics Field STUAY ........cccooveiiii i 158
A1 INIFOTUCTION ..ottt 159
A = ¥ 0] (o ] {010 [ [PPSR 160
4.3 MEENOUS ... 165
A4 RESUILS ..o 169
4.5  Discussion Of the RESUITS.........cooiiiiiiiiiiee e 174
4.6  Conclusion and Implications for Future Video-Based Online Learning
SBEEINGS ettt bbbt bbbt nes 178
4.7  Concluding Remarks and Transition t0 Study 4..........ccoovvieiiienenenenenceeeeee, 179

5 Study 4: Do Students” Disciplinary Beliefs about Statistics Shape Their Learning

Behavior? A Learning Analytics APProach..........cccoveviiieiiccecic e 181
5.1 INEOTUCTION ..ot 181
5.2 BaCKOrOUNG........oiiiieie et e s 183
5.3 MEthOUOIOQY ......oiiiieiiecie e 189
5.4 RESUILS ..ot 193
5.5 CONCIUSTON ...ttt bttt 199
5.6  Concluding Remarks and Transition to Study 5.........c.ccoovviiiiiinencninieceeee 200

6 Study 5: The Motivated Are the Successful — But Why? Learning Analytics Shows

Affects Affect Scaling, Spacing, and Success of Learning .........cccccceveverenennninnieenenn, 201
6.1 INEFOTUCTION ..ottt 202
6.2 BACKOIOUNG.........ociiieieiece ettt e e ens 205
6.3 MEINOUS ... 211
6.4  RESUILS ..o 217

6.5

DS UG SION . nnnnnn 224



6.6

Concluding Remarks and Transition to StUAY 6..........ccceieeierinnieiesie e 227

7 Study 6: How Students’ Statistics Beliefs Influence their Attitudes: A Quantitative

and a Qualitative APPIOACH ........cviiiiie e 228
7.1 INEOTUCTION .ottt bttt bbbt 229
7.2 BaCKOIOUNG......coi ittt ae e re et e e e ra e nns 230
7.3 MEINOUS ... 235
7.4 Quantitative INStrUMENtatioN ..........ccvviiiiiiie e 236
7.5 RESUILS ... 238
T8 CONCIUSION ...t bbb 243
7.7  Concluding Remarks and Transition to Study 7.........ccccccoeevieiiiiiie s 244

8 Study 7: Lois Lane, Superman, and Iron Man. How Perspectives of Statistics Relate

to Students’ Identities and Career PUISUILS .........coovveiiiiiiiiiie i 245
8.1 INTFOTUCTION ..ottt ettt 245
8.2 BACKOIOUNG. .....ouiiiiiiiiiiiieiee bbbt 246
8.3 MENOUOIOQY .. .c.eitiiiiiiieiieie bbb 247
8.4 RESUILS ..o 248
8.5 CONCIUSION ...ttt 253
8.6 FULUIE RESEAICH ... 254
8.7  Concluding Remarks and Transition to Study 8............ccccevieiiiiiie i, 255

9 Study 8: What Changes Students” Attitudes?. A Qualitative Panel Study on How

and Why Attitudes Toward An Introductory Statistics Course Change..............cccce..... 257
9.1 INEFOTUCTION ..ottt 257
0.2 BACKGIOUNG. ... .ottt ettt 258
0.3 MENOUOIOGY ...ttt bbb 260
0.4 RESUILS ettt e re et e e e e re e nnen 262
9.5 CONCIUSTON ...ttt n e 266
9.6  Concluding Remarks and Transition to Study 9.........cccccevveviiiiiiiece e 267

10

Study 9: Learning during COVID-19: (Too) Isolated yet Successful.............ccccoc.... 268



10.1
10.2
10.3
10.4
10.5
10.6
11
111
11.2

11.3
11.4
12
13
131

13.2

INEFOAUCTION ... 268
BACKGIOUNG ...t 269
IMIBENOUS. ... 273
RESUITS ...t 277
DISCUSSION ...ttt bbb bbbttt ettt bbb e 285
Concluding Remarks 0N STUAY 9 ........ooviiiiiiiieie e 286
Last Part: Discussion: Attitudes Matter, Beliefs Probably ToO ..........ccccovevviiiiinennnn, 288
Overview Over the Results of the Nine StUdIes ..o 288
Answers, Reflections and Conclusions to the Research Questions of This
TRESIS .. 300
Limitations of ThiS WOIK..........ccoiiiiiiie e 313
Perspectives for FUture RESEArCH...........ccooeiiiiiiieiieeeee e 317
RETEIEICES ... bbb 321
AAPPENAIX .ttt bbbttt bbbt h e 367
Declaration (IN GEIMAN) .....cvoiiiiieieice e 367
CUITICUIUM VAL ..ttt 368



Abstract:

How Students” Disciplinary Attitudes and Beliefs Affect Attitudes and beliefs are frequently
studied concepts in statistics education research. A main reason for this is that both are
associated with learning success. However, very little is known about the mechanisms that
induce these relationships between beliefs about statistics, attitudes towards statistics and
learning success. Some studies find a mediating role of self-perceived learning engagement
and applied learning strategies. However, studies finding such a relationship with more
objective behavioral measures than self-reports are lacking.

To provide this evidence, this thesis first develops a conceptualization and a measurement
instrument for beliefs about statistics. To objectively record learning behavior, it develops a
digital learning platform that in particular is designed for a scientific use of the resulting
digital behavioral traces, tests their operationalization in the field and documents the
connection between the measured constructs and learning success. Following these
preliminary studies, this thesis tests numerous structural equation models to estimate the

mediating effect of various learning behavior dimensions.

The main results show that the association between attitudes towards statistics and learning
success is indeed partially mediated by learning engagement and the distribution of learning.
However, a smaller part of the association is also due to a spurious correlation that can be
explained by the high-school graduation average. Such mediating relationships cannot be
directly identified for beliefs about statistics. However, there is a relationship between beliefs
and attitudes, so that beliefs are also linked to learning behavior through this mediation.

Further analyses indicate, however, that attitudes towards statistics (can) change during a
statistics course. This suggests further research into how current attitudes are related to
current learning behavior. At the same time, this limitation strengthens the relevance of the
effect found, as already the initial attitude is linked to learning behavior throughout the
course. A further investigation in addition shows that the relationships found do not
necessarily remain stable when interventions are made in teaching, which demonstrates that

intervention studies should always investigate all possibly induced effects.



