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Introduction | DIPF

Psychometric Assessment

» Validated measures using taking accuracy into account, i.e. reliability and validity aware
inferences from observed responses and behavior to underlying constructs

Assessment of Learning

» Selection, certification and accountability (e.g., testing industry)

» Large-scale assessments (e.g., system monitoring)

» Educational and psychological research (e.g., development and testing of theories)
Assessment for Learning

» Use of inter-individual differences in measured constructs (and insights from process indicators)
used for feedback to promote learning
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Theory for Measuring Multiple Document Comprehension (MDC) DIPF @&

Academic Reading (as Multiple Document Comprehension, MDC; e.g., Schoor et al., 2020)
» Requires integration across documents (beyond the comprehension of single documents)
* |Is understood as generic competence, necessary for and developed by higher education
* Based on theoretical models about multiple document comprehension (e.qg., Britt & Rouet, 2012)
and strategies for dealing with multiple documents (Wineburg, 1991)
Main Requirements
» Corroboration: Information from different texts must be compared to each other
* Integrated situation model: An integrated representation of the facts must be developed
* Sourcing / inter-text model: Sources must be assessed and related to each other
» Documents model: A comprehensive representation of source-statement relationships must be developed

- MDC can be measured by assessing the text comprehension performance for a set of documents (intra
and inter text verification), extended by process indicators that take test-taking behavior into account
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Screenshot MDC Assessment
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Computer-Based Assessment of MDC DIPF @&

Unit-based assessment (5 units, at least two units required for sufficient reliability), each unit

» Combines 2-3 documents (standardized administration including text highlighting, comments, note-taking)

» Contains various closed response-format items, measuring comprehension performance

 Covers one domain (e.g., history, literature, ...) with hypothetical content to reduce effects of pre-knowledge

e Units administered with generous time limit: about 30 minutes
Test Development
* |RT scaling (1PL) / item selection based on a first development study (N = 310; Schoor et al., 2020)

Validation

» Expected empirical relationships of MDC score to validation criteria (e.g., school grades, university track
bachelor vs. master, correlated reading comprehension, but not unidimensional, ...) based on an additional
validation study (N = 508)
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Integration of Process Indicators in MDC Test DIPF @&

Log Events
» CBA ItemBuilder provides log events for all interactions and internal events (e.g., timers)

* Log events (together with redundant result data of the scored responses) were collected by
the deployment software (online delivery)

 Raw log data transformed and analyzed using R package LogFSM (based on Kroehne et al., 2018)

Process Indicators
» Events used to decompose the test-taking process into states (using finite-state machines and LogFSM)

* Reconstructed sequence of states and actions for each test-taker for each unit (with respect to different
finite-state machines, i.e., theory-driven decompositions of the test-taking behavior)

» Low-level features (actions and states) used to derive (theory-driven) process indicators

Validation

» Expected relationships of process indicators with MDC score (e.g., number of text switches as indicator
for corroboration and access to source information as sourcing) related to MDC score
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Operationalization of Sourcing (Access of Source Information) DIPF @
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Excurse: CBA ItemBuilder

DIPF @

Runtime Update

Item Authoring

Components (e.g., buttons, text components, images, check boxes etc.) are designed on pages
Pages are linked and combined to tasks (and units form the tasks with multiple items in the MDC example)

Underlying internal model (i.e., the definition of pages, tasks, scoring, behavior etc.) has been developed
and gradually extended over the last 13 years (i.e., from the first version in 2008 to the recent release of
the CBA ItemBuilder 9.5 in 2021)

[tem Runtime

Based on the internal model of CBA IltemBuilder projects, runtime code is generated that can be used
within web browsers to combine tasks to assessments (in various test designs and delivery modes)

Within the MultiTex project, a major change happened from CBA ItemBuilder Version 8.13 (based on the
Eclipse Remote Application Platform framework, RAP, up to date in 2008) to CBA ItemBuilder Version 9.0
(using REACT based rendering with client-side JavaScript only)

Raw log events changed (syntax: XML to JSON; semantic: different listeners in REACT vs. RAP)

However: Identical low-level features were extracted based on both event data types and process
indicators remain comparable over this transition

Insights from Using Process Indicators for Formative Assessments within Learning Management Systems | Kroehne & Hahnel, Beyond Results 2021 10



Transfer Project DIPF @

Ongoing Transfer Project (“MultiTex Transfer”)
* Subsequent to the research project with test development, construct validation,
implementation and validation of process indicators
Original idea: If MDC is of importance as general competence, how can we foster the development
of MDC and identify possible need for improvement?
* > Application of (formative) self-assessment with detailed feedback, using ...
The MDC score (i.e., ability estimate based on the closed items) and

Selected process indicators that can be explained to students with recommendations

* Followed by training material for multiple document comprehension (within the LMS,
l.e. as optional activity within the course) and a post-test (using a balanced booklet design)
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Excurse: Interactive
Training Material

Nachmachen B miaa den Autot/fie Musorin such
Dueiien iw ol — haung untes derm Ttk

‘o et e 100 353031 9 10w I dhpvee Dot st man such

e e ot

B

Hamburger Morgenpost

L]
- 0

[uS———

Insights from Using Process Indicators for Formative Assessments within Learning Mai

TRAINING
startssite

Dieser Beneich
werandert sich je
rschdem,
Modul Sie gerade
bearbeiten. Durch
Arddicken der
jeweligen
Schaltflichen
kanen Se an den
Anfang einer
Einheit oder 2u
#inem bestimmesn
Text vor- und
suriickspringen.

s0an
Symivous enge Ermlirumguiecicheny
Gbertbct R ——
P -
EN T 1
Al 4 Wmmeariomes - cine profiturt, fot
Shenpebrisia ner il wmberialisse.

Wihlen Sie einen Bereich, um ein Training 2u beginnen. Sie kannen die Trainingsbereiche
wiederholen o oft Sie michten. Uber den Home-Buttan im linken grauen Bereich gelangen Sie
immier wieder zu dieser Seite zurick. Der Klick auf den darunter befindlichen Button bringt Sie tu
der Ubersicht zurick, dber die das Feedback aufgerufen werden kann. Vion dort aus kinnen Sie
auch das Férdermaterial erneut &ffnen,

BE B-&

Verknipfen und
Schiussfolgern
von Inhalten

Vergleichen von

Informationen

Kombinleren von
Quellen und
Inhalt

Schiussfolgern
von Quellen

. Sonpociy anfvinem Wl

.,
van Welben] 1 errrapes.

. da tn T 1

Tt eottrhen
' Din Astmerten 3 ured b beinhualten s s siran Aipekt

[y ————

13



Agenda

DIPF @

e Introduction

* Psychometric Assessment
Measurement of Multiple Document Comprehension
Operationalization of Process Indicators

Assessment for Learning in Higher Education and Feedback

* Integration in Learning Management Systems
Goals and Requirements
Review of Interfaces and Approaches

Standardization of Log Data

e Summary and Conclusion

Insights from Using Process Indicators for Formative Assessments within Learning Management Systems | Kroehne & Hahnel, Beyond Results 2021

14



Introduction Il DIPF @

» Educational institutions like universities and schools use learning management systems (LMS, like
Moodle, ILIAS, OLAT, Blackboard, ...) to give students access to digital and online learning materials

 LMS are also understood as virtual learning environments, i.e. as places that combine traditional course
content such as texts, videos, and quizzes with various tools to communicate and learn both
synchronously and asynchronously (e.g., Ciordas-Hertel et al. 2019)
» Available tools and modules (e.g., simple quiz-tools, H5P, ...) affect practice
Promote what type of assessments are used
Determine which types of (log) data are collected

Define how material can be shared

- We need to make sure, that instruments developed for research can be used in LMS
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Elaborate Preparation Required DIPF @

Development and validation of psychometric assessments becomes more and more complicated.
(Same is also true for Computer-Based Adaptive Testing)

« Effort to create the assessments

A

Use of Process Indicators

Computer-based Assessment (CBA)

ltem-Selection and DIF

* Number of practical applications Standardized and Validated Test

- We need to make sure that instruments can be developed with free tools and
can be used as Open Educational Resource (OER)
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Goals and Requirements DIPF @

Integration in Learning Management Systems — Why (Goals)

Test development: Bring test-takers / students to researchers (and empirical studies)

Transfer part: Bring instruments & feedback to learners (into application and practice)

— How (Requirements)

A) Integration as content of e-learning courses (controlled access to assessments)
B) Assignment to persons / use of existing accounts (no additional authentication, data ownership)
C) Integration of (detailed) feedback to students (and teachers) that includes process indicators

D) Additional training material (if individual support needs can been identified through the assessment)

E) Hosting on premise of the university / the educational institution (no additional infrastructure)

F) Return of results (i.e. storage of log and result data, including process indicators)
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Architecture used in the MDC Application (MultiTex Transfer)

DIPF @
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Interfaces and Standards for Integration DIPF @

Used so far: Learning Tools Interoperability (LTI), but
* Infrastructure required to host the assessment with feedback generation (E)

» Data are stored externally and not only within the educational institutions (F)

Alternatives
e SCORM 1.2, SCORM 2004 and AICC - Assessment can be embedded completely, but

Feedback generation not possible using standard tools (R, LaTeX) and existing packages (LogFSM),
since the analysis and generation of visualization needs to run stand-alone within the browser

Storage of all data within the LMS is not supported by SCORM, because detailed result and log data
are not part of the interface which limits the amount of data provided by SCORM packages

« Tin Can API / Experience API (xAPI) and IMS Caliper - Assessment can be embedded completely, but
Both require additional learning record stores / specific event store

Both define only the technical structure and require the formulation of more specific profiles
(XAPI, e.g., cmi5 profile; IMS Caliper, e.g., assessment and survey profile)
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Standardization of Log Data DIPF @

Defining a Profile to Integrate Psychometric Assessments into Learning Management Systems

Tin Can API / XAPI: General data structure described by XAPI can store the event based log data and
derived measures, but XAPI requires specific vocabulary to be successfully used by multiple partners
(i.e., assessment providers and assessment users)

IMS Caliper: Specific profiles already exist, but no profile covers the specific logic and terminology
of psychometric assessments (with theory based constructed process indicators)

Standardization of Log Data and Process Indicators

Standardization was until now discussed for storing, documenting, disseminating or analyzing
log data and process indicators from innovative and interactive items, but it is also necessary to
use information from log data (i.e. process indicators) in assessments for learning within LMS

Basic Terminology: Differentiate between unstandardized raw log events, low-level features and
(validated) process indicators derived from low-level features

Documentation: Event-specific attributes and description of different events, relationship of results and
answer-change events, description of process indicators for single items or as person-level variables
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Summary / Take Home Message DIPF @

» Psychometric assessments using log data to generate process indicators are not only developed to
improve domain models and test theories (e.g., about multiple document comprehension) or psychometric
methods (e.g., LogFSM).

* Insights from process indicators about test-takers behavior are also relevant for feedback to stimulate and
inform about learning needs and learning progress (i.e., assessment of versus for learning).

» The digitalization of psychometric assessments has made great progress in recent years (but standardized,
validated, IRT-scaled, computerized assessments with log data based process indicators are “expensive”).

» E-learning takes place in learning management systems (LMS), so psychometric assessments
for learning (using validated process indicators) should fit into those existing infrastructures.

 An LTl integration is possible (and the current way to go), but an xAPI or IMS Caliper integration would be
preferred (data should stay either within the LMS or in a general learning record score, LRS).

» Existing standards (AICC and SCORM) are sufficient to embed psychometric assessments, feedback and
training into LMS. However, interfaces are not prepared for the “rich data” provided as log events.

» Standardization of log data is required (e.g., within the XAPI structure) to improve integrations beyond LTI.
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Avallability of Tools and Software used in this Application

DIPF @

Computerization of the Multiple Document Literacy Assessment

* CBA ItemBuilder (free for research purposes: )

Investigation of Log Data and Operationalization of Process Indicators

» R package LogFSM (available from )

Automated Feedback Generation

* OpenCPU server ( ) powered by R and LaTeX

Online Deployment of ItemBuilder Items
* IRTIlib Software with LTI Integration (will be open source Q4/2022)

Learning Management System
 Moodle ( )
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Thank you for your attention!

DIPF @

Contact: kroehne@dipf.de
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