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Overview

! Conceptual background, terminology

! Supported interaction types (question types)
! MC, SC, Ordering, short text, text, code

! Supported form of e -assessments:
! Online exam
! Inclass quiz
! Inclass exam



History

! History

! Developed originally for simply collecting text answers in 
course ÒNetzwerkeÓ (since 2010, e.g. in 2019: 10 exa ms) 

! Goals: Ease handwriting deciphering for lecturers, 
correction options for students (improved grades)

! Used in EU project for automated essay grading
based on latent semantic indexing

! Recent Development

! Handle increased grading effort when changing group size 
from 30 ->60 in networking course; mixture of open text 
and short text questions (since June 2019)

! Use in Basic Programming Courses for students solving 
coding examples (used in class in Jan 2020)



Workflow based 
Assessment Tools

! What is this?

! Based on stock OpenACS packages (xowiki, xowf)

! Supports different kinds of questions (Test Items)
! Single Choice Interactions

! Multiple Choice Interactions

! Ordering Interactions

! Short text Interactions

! Text Interactions

! File Interactions

! Code Interactions

! Same ÒTest ItemsÓ can be used in different assessment typ es 
(such as online -exam and inclass -quiz)

! All interactions are defined by (extensible) workflows



Basic Assessment Workflows

! Three kinds of workflows

! Content creation workflows 
! Managing (single) Test Items

! Workflow operations: Creating, editing, publishing, unpublishing, deleting 

! Workflows on collections of test - items (assessment types)
! Managing Assessments (collections of test items)

! Workflow operations: compose, publish, terminate, sh ow results, statistics, 
delete results, stop assessment

! Contains item management and answer management

! Answering workflows
! Defines interactions of participants in assessments

! Workflow operations: start assessment, answers quest ions, navigate, review, 
submit

! Details Different depending on assessment type



Test Items

! Structure of Test Items
! Common fields (meta -data): 

Title, É, minutes, grading options, shuffling options, fe edback

! Question type specific fields (Òinteraction typesÓ)
! Multiple choice (repeatable)

! Single choice (repeatable)
! Ordering (repeatable)

! Text -based Interactions

! Short text Interactions (repeatable)

! Text Interactions

! Code Interactions

! For all interaction types
! Auto -correction:

! MC, SC, Ordering: grading schemes for fully automated grading ( per exercise)

! Text -based interactions via Ócorrect whenÓ specs
Lecturer -oriented, i.e. for text answers a pre -correction

! Feedback, result statistics

! Revisioning, access control, rich text editor, image s, internationalization, 
custom templates, responsive design (mobile devices), É



Creating Test Items

Create new 
Test Items

Edit/ É. 
Test Items



Multiple Choice Items (MC)

! Arbitrary number of alternatives

! Adding/deleting alternatives

! Optional randomized order of alternatives

! Randomization options:
! Never
! Always 
! Per-user

! Optional randomized selection of alternatives

! Define e.g. 10 alternatives

! Specify that e.g. 5 alternatives should be presented to t he user

! Grading schemes

! 5 predefined schemes (1 exact, 4 with partial results)

! Rating schemes with different and equal weighting



Sample MC Test Item

Shuffling options



Sample MC Item in Online Exam
(as seen by student during exam)



Sample MC Item in Online Exam
(as seen by lecturer in exam protocol)



Single Choice Items (SC)

! Arbitrary number of alternatives

! Adding/deleting alternatives

! Optional randomized order of alternatives

! Randomization options:
! Never
! Always 
! Per-user

! Optional randomized selection of alternatives

! Define e.g. 10 alternatives

! Specify that e.g. 5 alternatives should be presented to t he user

! Correct item is shown always



Ordering Interactions

! Purpose

! Bring elements to a certain order

! Arbitrary number of alternatives

! Adding/deleting alternatives

! Optional randomized order of alternatives

! Typically randomized order, which a participant have  to bring to a 
correct order

! Optionally ability to provide a predefined order (cur rently not 
accessible over web UI).



Creating Ordering Item

Ordering 
elements



Sample Ordering Item in Online 
Exam (as seen by student during exam)



Sample Ordering Item in Online Exam 
(as seen by lecturer in exam protocol)



Short Text Interaction (ST)

! Like MC and SC:

! Arbitrary number of alternatives

! Optional randomized order of alternatives

! Optional randomized selection of alternatives

! For every Short Text field:

! Short Text field type: 

! Number, single world, multiple words, multiple lines

! Auto -correction via Òcorrect -whenÓ

! Optional field for expected solution

! Summarization via tag -cloud and/or 
answer statistics



Definition of Short -Text Items

! Short - text 
Questions

! Several an Ð
swer options

! Correct -when
per alternative

Answer options



Short Text Item in Online Exam
(as seen by student during exam)



Auto correction for Text Items
(Short Text, Text, Code Interactions)

! Purpose

! Provide hints/suggestion for the corrector 
(no mapping to points)

! Definition via predicates (truth functions)

! eq, gt, ge, lt, le, btwn, in, contains, match, 
answer_words, É (extensible)

! Examples:

! btwn : answer/alternative correct, when it is between the prov ided 
values

! contains : answer/alternative correct, when it contains any of the  
provided words; highlights matches

! in : answer/alternative correct, when it is in the given set.

! Special meaning for Code Interactions



Short Text Item in Online Exam
(as seen by lecturer in exam protocol)

Automated 
Highlighting of
text matches

Exact predicates
(Red/Green mapping)



Short Text Item in Online Exam
(as seen by lecturer in exam protocol)

Optional sample solution
or correction instructions
for lecturer

Highlighted matches
- only a correction help for lecturer
- notice typos in results
- lower -case matching



Text Interactions,
Code Interactions,
and File Interactions 

! Text Interactions:

! Specify lines and columns for answer

! Auto -correction via Òcorrect -whenÓ

! Summarization via tag -cloud and/or 
answer statistics

! Autosave function (also in multi - line short text interactions)

! Code Interactions:

! Specify programming language (e.g. Java, Python)

! Provide code editor with syntax highlighting and ind entation

! Specify rules when submitted answer is regarded as co rrect.

! File Interactions:

! Specify a file to be uploaded  



Text Item in Online Exam
(as seen by student during exam)



Text Item in Online Exam
(as seen by lecturer in exam protocol)

Highlighting text 
matches 
(multiple matches)



Code Interaction in Online Exam
(as seen by student during exam)

Code Editor



Assessment Workflows



Assessment Workflows

! Assessment = Collection of arbitrary Test Items 

! Managed by lecturer to control interactions with student s

! Based on a common API 
! Define collections, get test items get answers, É.

! Three Assessment types in public repository
! Online exam
! In -class exam
! Lecturer -paced in- class quiz

! Workflow Steps:
! Define assessment (title, parameters)
! Publish assessment (control student interactions)
! Close assessment (get results of assessment, perform ma rking)



Create Assessments

Create new 
Assessments



Online Exam

! Designed for exams in workstation room with 
secure exam browser

! Lecturer creates, adds test items, makes test run, 
publishes and closes exam

! Features:

! Live updates of started and submitted exams for lecturer
! Optional randomized ordering of test items
! Optional cryptographic fingerprinting/signature:

! Lecturer can prove that marked result has not been modified after 
submission

! Currently based on digital fingerprints (SHA 256)

! Also possible trusted timestamping (RFC 3161), e.g. via
https:// www.globalsign.com / en/timestamp -service/ 



Create Online Exam

Item Selection
via Drag&Drop

Randomized 
Item order

Cryptographic 
Fingerprinting



Overview/Test run/Publish Exam

Summary 
of
Test items

Test run



Published Exam (for Lecturer)

Live 
updates

Manually
close exam



Student Views (Online Exam)

Step though 
question

Review Exam 
before final 
submission



Exam Protocol (for Lecturer)

List all submissions
with submission
details (opt. 
fingerprint)

Printer - friendly 
(Page breaks after
each submission)



Results Export

Exact Grading due 
to grading scheme

Approximate  
Grading (stared) 
due Òcorrect whenÓ 
rules

CSV Export

Detail view



In -Class Quizz



Lecturer -paced in -class Quiz

! Quiz in class 
! Where lecturer interactively presents questions and 

! switches to results

! QR-Code code for projector presentation to for starting qu iz

! Lecturer paces assessment

! Show results (optionally) after every question.     

!
Result statistics:

! show expected (correct) answer

! performance bar (per alternative) of correct answers 
(percentage)

! For text answers: word cloud and summary of answers

! Live updates 
! of started and submitted quizzes for lecturer
! for participants for new provided items



Answering mode 
(Lecturer view)

Live 
updates

QR-Code for 
participants to 
join quiz

Switch between 
questions



Answering mode 
(Student view, smart phone)

Lecturer can switch to 
next question on student device



Statistics from MC Question



Answers from Open Text Question

Quantitative
evaluation

Answer 
summary

Word cloud



Word Cloud from Text Interaction



Statistics from Short Text 
question

! Marking based
on Ócorrect whenÓ

! Displayed answer text
based on Òcorrect whenÓ

! Ability to show answers 
and/or word cloud



In -Class Exam



In -Class Exam

! Originally designed for exams in class room

! Developed during COVID crisis to a tool for making exams in an 
uncontrolled environment (at home)

! Lecturer creates, adds test items, makes test run, 
publishes and closes exam

! Main difference to ÒOnline ExamÓ
! Implements several measures to reduce cheating in uncon trolled 

environment more complex
! Offers many more features to teacher to to control how the exam 

is supervised and conducted
! Several features can/should be backported to ÒOnline  ExamÓ



Features of In -Class Exam

! For Lecturers:
! QR-Code for starting exam (*)

! Live updates of started and submitted exams for lecturer

! Live countdown clock for lecturer and students in two modes, including a n 
audio alarm (*)
(time based on automated exam duration calculation)

! Optional scheduled opening and closing of exams (*)

! Optional randomized ordering of test items

! Optional randomized selection of test items (e.g. 5 out of  10 test items) (*)

! Optional cryptographic fingerprinting/signature
! Optional disabling of cut&paste

! Optional proctoring (*)

! Show anonymized results and result statistics (*)
(idea: lecturer view can be projected without revealing sensibl e information

! In -exam notification system (from lecturer to participant) (* )
! Provide individual exam -reviews with explanations for incorrect answers 

! For Students:
! Exam review for auto -marked exams (*)

! no summary page (*)
(eases cheating) 

*: differences to online -exam



Exam Time Management

! In general:
! Lecturer has controls how long students can answer exercise. 

! The question answering time ends, when lecturer closes the exam

! Students get a countdown timer presented to provide i nformation about the 
remaining time of the exam.

! The countdown contains an optional audio alarm

! Lecturer can choose Synchronized/Non -synchronized Exam Mode

! Synchronized Exam mode:

! The timer for all students starts the at the very same moment

! Useful for longer exams (e.g. more than 10 minutes), where  the exam 
should also end at the exact same time.

! Non -synchronized mode:
! The timer starts, when a students opens the first test  item

! Useful especially for short tests (e.g. 2 minutes), whe n not student ready to 
start at the very same time.



Scheduled Opening and Closing  
of Exams 

! Optional automated started and ending of exams:
! In addition of manual starting and closing of exams, the se actions can be 

optionally performed automatically.

! Especially useful when one lecturer has to perform multiple exams at  the 
same time

! Lecturer can always override automated settings

! Countdown timer: 
! Optional audio alarm

! This features is especially useful when students do n ot see always the 
countdown timer (e.g. when using an external tool during  an exam and 
uploading then results)



Exam Composition

! Select answers via drag and drop

! Randomization:
! Randomized item order

Present question of exam to every student in differe nt order

! Randomized item selection
Present student n random questions (e.g. 5 out of 10 ), which can be 
completely different

! Additionally: randomization features of test items:
! Show subitems (e.g. MC alternatives) in different orde r

! Present a random subset of subitems to student

! Optionally disallow cut&paste in text fields 
(Text Interactions and Short Text Interactions)

! When activated, an exam taker cannot paste other text to a mul ti - line text 
field, or share the provided answer with others via cut and pas te.

! Optional Proctoring
! Record screen, camera + microphone

! Provide recording together with exam protocol

! Student has to provide consent for recording



Exam Composition
(Lecturer view)

Randomization

Time Management

Proctoring



In -Class Exam in Non -Published 
State (Lecturer view)

Summary 
of options, 
applicability

Further actions
(testrun, 
publishing, É)



In -Class Exam in Published State
(Lecturer view)

Live updates
(started and 
submitted items, 
countdown timer)

QR-Code for 
participants to 
start exam



In -Class Exam (Student view)

Countdown timer,
optional audio alarm



In -Class Exam with Proctoring 
(Student view)

Live camera preview

Hint that exam is 
proctored, student has 
provide consent



In -Class Exam in Closed State
(Lecturer view)

Exam 
Protocol

Results Table



Exam Protocol
of fully 
individualized 
inclass -exam 

Students steps
Submission state
IP addresses



Exam Protocol
of other fully 
individualized 
inclass -exam 

Students steps
Submission state
IP Addresses

Alternate formulations of 
the right answer, can be 
adjusted after the exam



Sample 
solution, also 
marking 
guideline

On-campus 
submission

Hints highlighted as 
correction hint



Exam Protocol of Proctored Exam 
(Lecturer view)

Camera 
and Screen

Audio

Grading statistics



In -Class Exam Notifications

! Features:
! Lecturer can send participant individual messages

! One-way communication (from lecturer to participant )
! Particularly useful for proctored exam, when e.g. the student

should adjust the camera, etc.
! Messages are one - line messages with urgency level
! Exam participant can receive one or many notification messages

! Notification messages have to be confirmed, otherwise they are 
displayed always

! Non-confirmed notification messages are sticky, i.e. the are 
displayed also when a user changes to some other question

! Message sending and confirmation is server -side recorded 
(accessible via log analysis tools



Student Notification
(Lecturer view)

Notification 
message 
dialog with 
urgency level

Send notification
from participants
listNotify a single participant during exam



Student Notification
(Student view)

Notification 
messages


