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Why
assessment

validity?

Many aspects of our work have been changed
even though we haven’t changed our job

* Classroom setting, administration, teaching
equipment, students’ pre-knowledge and
motivation, etc.

But assessment has changed the least, at least
until the pandemic

At the same time, assessment is a very
powerful tool that can activate a deeper
students’ approach to learning

In order to use that tool properly, the tool
should be valid
Validity can be ensured by

e Learning Design in the Planning Phase

* Learning Analytics in the Implementation
and Evaluation Phase
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Assumptions
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Develop sound, student-centred
learning design (LD), assessment is
constructively aligned with the
intended learning outcomes (LO)

Constructive alignment is crucial for
ensuring the validity of an assessment
program

Learning analytics (LA) can provide
insights that help develop valid
assessment programs



What this
presentation

adds?

prioritization of LOs
continuous improvement of LD
clustering of students

enable the development of databases of
assessment tasks, recommendation
systems, self-regulated learning,
informed-decision making by teachers
and students
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Nature of
technology used
to support
learning



Learning Design -
tool

BDP LD

Design process

BDP tool enables course learning design through three simple steps:

PLAN
Create course, define course details and add learning outcomes

o,
“,  CREATE
£. Add topics, units and teaching and learning activities
P>
@ o 3 ANALYSE

Analyse course design and make changes if necessary

. /’_'—\. =

Improvement

The BDP tool provides the advanced analysis of a planned learning
design. The analytics dashboard includes a high level overview of the

entire course which enables learning designers to change their course
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* LD has two aspects: conceptual
and technological

* Arange of LD tools developed

* Concept of sharing and reusing,
possibilities for co-creation

e Balanced Learning Design
Planning — BDP

* https://learning-design.eu — free
to use

B. Divjak, D. Grabar, B. Svetec, P. Vondra (2022)
,Balanced Learning Design Planning: Concept and Too
Journal of Information and Organizational Sciences.
2/2022. Available:
https://www.researchgate.net/publication/359320864
Balanced Learning Design Planning Concept and Tool

III



https://learning-design.eu/
https://www.researchgate.net/publication/359320864_Balanced_Learning_Design_Planning_Concept_and_Tool

-rom paper-based planning to the BDP tool
Wttps://learning-design.eu

A Competences, skills and values in general

@ Topic learning outcomes

© Describe pedagogical approaches, teaching and assessment methods that enhance students’ engagement to develop students’ entrepreneurial competences in online learning environment. (70%)
7l Identify what entrepreneurial competences students need in the contemporary world to seize and create opportunities and meet challenges to generate value. (10%)

i o Pre-reading Z - o Quiz Z - i e Videos of best practice Z - H o Disscussion based on reading, videos and
own experiences
Reading materials regarding the basics of entrepreneurial Formative assessment based on the pre-reading. Multiple Short videos (3 - 6 mins) with good examples. Can be
education. (We are deciding whether to create a new choice questions. Can be used as an entry pre- existing or newly recorded videos. We shall choose ~3 Discussion based on questions (integrated in the video or
document referencing multiple sources or choosing an competence test (to check the level of teachers pre- examples of good practices to present (if we find some given later as the basis for discussion). For this forum
already existing paper) competence). pre-existing videos we can have more than 3) assignment we recommend having only 2-3 questiens not
- focused exactly on the videos, but maybe things ans

ié %. é characteristics shared by all/most examples.

5 i 5

EEOEE E0EE l : CDO8E : EROEE

o Discussion based on the pre-reading, Z -
videos and own experience

HH

o Pre-reading/video I OQuiz Z - i ovideos/materials on best practice g -
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Mathematics courses for IT students with an .,

e-assessment program

Course

Mathematics 1

Mathematics 2

Mathematical
Methods for IT

Discrete
Mathematics &
Graph Theory

Study level
year

Undergraduate
1st year

Undergraduate
1st year

Undergraduate
2nd year

Graduate
1st year

No of students

350

350

250

120

Assessment program
Formative

Weekly e-quizzes
Automated grading & feedback
Bi-weekly assignments

Weekly e-quizzes
Automated grading & feedback
Assignments

Weekly e-quizzes
Automated grading & feedback

Weekly e-quizzes
Automated grading & feedback

Assessment program
Summative

3 monthly tests (e-exam bank)
Essay on a math topic
Workshop with a rubric

3 tests (e-exam bank)
Essay with problem-solving
Workshop with a rubric

3 tests (e-exam bank)
Problem solving with
programming
Workshop with a rubric

2 tests (e-exam bank)
Team project with programming
Workshop with a rubric



Utility framework for
assessment

e According to Van der Vleuten & Schuwirth (2005), the utility
framework for assessment depends on 5 factors:

Validity

Reliability (the accuracy of pass and fail decisions)
Educational impact

Acceptability

Cost of assessment

* Asingle assessment method can never be perfect for all the criteria
and assessment involves a compromise

* Qur aim: to use learning design and learning analytics to support
planning, monitoring and evaluation of an assessment program
according to the utility framework
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Utility assessment elements

Utility elements
Validity

Reliability

Educational impact

Acceptability of the method to the

stakeholders

Cost of assessment

How to evaluate?

Constructive alighnment
Weights of assessment tasks based
on weights of LOs

Reliability of assessment tasks
Composite index on the course level

Questionnaires and reports
Analysis of LMS data
Learning Design improvement

Questionnaires
Focus groups
Interviews

Cost, time
Available human resources

Who? By which method?

Group decision making with MCDM
Teachers

Learning analytics of LMS data

Coefficient of internal consistency-CIC
https://docs.moodle.org/dev/Quiz_report_statistics

Students, Alumni,
Learning analytics based on LMS
activity data

Students, Teachers (staff),
Employers, Experts,
University management

University management
Teachers


https://docs.moodle.org/dev/Quiz_report_statistics
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Aspects of assessment validity

Content validity - extent to which essential aspects of a domain are represented in
assessment

* linking assessment with LOs

* Criterion validity — how assessment scores are correlated with relevant external measures
* developing assessment in line with LO weights

* Construct validity — how what is actually assessed corresponds with what is intended to be
assessed

e assessment weights to reflect the LO prioritization

e Consequential validity — use of assessment and its consequences for teaching and learning
* Impact on learning

(Pellergino et al., 2016)



Validity

Assessment to be judged based on its purpose

Whole assessment program: link assessment to
the intended learning outcomes

Use of the analytic hierarchy process (AHP) and
the analytic network process (ANP) methods to
select evaluation criteria and determine
weights of evaluation criteria and the
consequent weights of LOs

Constructive alignment (Biggs, 2003)

Use of assessment rubrics

Divjak B., Kadoi¢ N., Zugec B. The Use of Decision-Making
Methods to Ensur Assessment Validity. 2021 /EEE Technology
& Engineering Management Conference - Europe

Teaching and learning

Multicriteria
methods

Learning content
(in the field of
study) and
cognitive level
(based on a
taxonomy)

P
<«
\ 4

Learning
outcomes

with weights

Requirements
from the field

(employers and

alumnae)
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Total

Case: Discrete Mathematics Learning outcomes oriorities
with Graph Theory (DMGT)

LO1 - Identify structures and types of proofsin 008 0,24 0,13 0,22 0,15
mathematics

LO2 - Identify and classify binary relationson | 0,13| 0,17 | 0,11 | 0,13 0,14
* DMGT course at the graduate level of sets, knowing their properties and
IS/software engineering study; 120 students characteristic examples

* Evaluation criteria (order of priority): LO3 - Apply theory and algorithms basedon 0,19 0,16 0,18 017 0,18
_ number theory to problems from
* C1 - Importance of the topic or context for the cryptography

future profession
LO4 - Define and connect fundamental notions| 0,16 | 0,11 | 0,14 | 0,11 0,14

* C2 —Required level of the LO based on Bloom's and problems in the scope of graph theory
taxonomy
« C3 - Contribution to the development of the LOS - Effectively work in a team on problem 028 018 029 0,22 025

posing and solving real problems related to

21st-century gENEric skills graph theory and discrete mathematics

¢ C4 - Student workload needed to fulfill the LO LO6 - Apply theorems and algorithms from 015| 014| 015| 014| o015

graph theory to standard exercises from graph
theory
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DMGT

The DMGT course LOs, with levels according to the
revised Bloom’s taxonomy

Ideal weight determined using MCDM in group
decision-making with 3 course teachers

Actual assessment weights (maximum points) based on
the mapping of assessment assignments to the LOs

Overall percentage of achievement - actual students'
results divided by the maximum number of points

LOs at lower levels (Understanding, Applying) were
acquired more successfully, whereas those at higher
levels (Evaluating) were acquired less successfully

LO 1
10
LO 2 LO 6
14 16
i
26 26
LO 3 LO 5
8
LO_4 |« A

LOs with levels, weights and students " achievement

LO level Ideal LOy | Actual Overall LO
LO weight assessment achievement
weight (AAW) | in relation to
AAW
LO1 | Define and classify binary Understanding 14 10 59%
relations on sets, knowing their
properties and charactenistic
examples
LO2 | Define and connect fundamental Understanding 14 14 T8%
notions and problems in the scope
of graph theory
LO3 | Effectively work in a team on Evaluating 25 26 43%
problem posing and solving the
real problem related to graph
theory and discrete mathematics
LO4 | Identify structure and type of Applying 14 & 67%
proofs in mathematics
LO5 | Apply theorems and algonthms Applying 15 26 65%
from graph theory to standard
exercises from graph theory
LO6 | Solve real problems by applying Evaluating 18 16 i8%
theory and algorithms based on
number theory
Total 100 100
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umber of student logs per cluster per week

600

500

400

300

200

100

7 i 9 10 11 12 13 14 1% 16 17 18 19

Bcluster 1 mcluster 2 mcluster 3

LA trace data
DMGT

* Further analysis based on clustering of
students and trace data (LA)

* Peaks in activity around the two
periodical exams, and a decrease at
the end of the semester, when
students worked on PBL and could
cooperate outside the LMS
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Reliability

* Reliability - extent to which an assessment method measures consistently the performance of the student

* Assessments are usually expected to produce comparable outcomes, with consistent standards over time and
between different learners and examiners

* Reliability of assessment task (test) and assessment program
* Data from the LMS (Moodle)

* Our approach:
* Coefficient of Internal Consistency (CIC)
* Cronbach alpha - coefficient of reliability/consistency for assessment tasks
* Target: >70%

* Build composite index for the whole assessment program — based on weighted arithmetic mean or weighted
geometric mean



DMGT composite reliability index (2020/2021)

Composite CIC for | Composite CIC for

DMGT - based on | DMTG - based on

. . CIC Weighted Weighted
a weighted a weighted . . : )
et T || sesmeie mesT Assessment Weights (Cronbach arithmetic  geometric
tasks of tasks alpha) CIC CIC
Test 1 0.3204 67.81 21.72 3.86
Test 2 0.2913 72.44 21.10 3.48
Quizzes 0.0971 87.85 8.53 1.54

72.73 % 72.54 % Project
(team) 0.2913 73.41 21.38 3.49
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Zadan je sustav linearnih jednadzbi
pr — 2y = —18

“Ideal task” N

a) Za koju je vrijednost parametra p matrica sustava singularna

e Based on CIC p=
e Mathematics 1 — Exam 3
b) Za p = —3 odredite inverz matrice sustava A.
Al =
c) Rijesite sustav za p = —3 pomocu inverzne matrice iz b) po
Rjesenje. ( , . )
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_ pri ¢emu su vremena trajanja aktivnosti izrazena v

“Ideal” task

e Task based on CIC
 DMGT

* Exam 2
aite sljedecu tablicu ako je V(v) najranije vrijeme pocetka dogadaja v, a K(v) najkasnije vrijeme zavrietka dogadaja v.
a b c d e h m n
11 10 3 15 0 12 16 3
v v v v v v v v
3 11 4 15 0 12 16 3
v v v v v v v

malno mjeseci traje projekt.

'a



Tasks —

problem-
oriented and
NUMerous
DMTG,

No of
students 120

e kolokvij2(0) @ £ 4

O

o o o o ©o o O

o & et

broj vrhova (900) @ &
invarijante (300) @ &
kineski postar (500) @ &
mreza raspored (500) I &% €

¥
bojanje teorija (625) @ &
€
€

razapinjucastabla (500) @ £ € N ¥

transportna mreza teorija (12064) @
usmjerene Setnje (500) @ & € 4

e O) @ & A
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I Balance

Complex READ task

Relevant, Essential, Authentic, Deep

Less control
More fun
More time spent on preparation

Routine task

More control needed
Use of Al/LA
Bigger task banks
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Practical implications for mathematics
e-assessment

* LA can provide important insights for the development or improvement of LD in line with the
intended course LOs

* LA can also contribute to the development of databases of assessment tasks aligned with course
LOs, with ensured validity and reliabality, supporting sharing and reusing

* LA can support the development of tailored educational interventions corresponding with the
needs of specific student groups

* Proposed LA can also contribute to the development of recommendation systems, as well as
students’ meta-cognition and self-regulated learning
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