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Objectives

■ develop a software prototype
of a computer-adaptive test for analogical reasoning

■ inspired by figural analogies used by Sternberg (1977) 
and Sternberg & Rifkin (1979)

■ automatic item generation
 empirical models of item difficulty (Mulholland et al., 1980; 

Bethell-Fox et al., 1984; Leon & Revelle, 1985)
 Linear Logistic Test Model (LLTM; Fischer 1973)

■ optimize response format and usability
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Realization: Software prototype

■ Java
■ rendering:
■ adaptive testing

 Expected a Posteriori (EAP) estimation (Bock & Aitkin, 1982)
■ automatic generation of items & distractors

 LLTM based on elements and transformations of the analogy
■ high flexibility:

 customizable structure & rendering of figures
 XML User Interface Language: SwiXml

➔ minor UI changes do not require to recompile
 i18n & l10n using Java property files

➔ currently German & English, 
➔ allows to focus on the psychological aspects of translation

 configuration through Java property files
➔ e.g., computer-adaptive test or static fixed-length test ?

Item (XML)

Configuration (XSLT)

Image (SVG)
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Optimize response format & usability

■ optimization criteria for psychological tests:
 Flow experiences (Rheinberg, 2004)
 State anxiety: Worry & Emotionality (Zeidner, 1998)
 Performance (percentage correct)

➔ maximize unbiased individual performance

■ usability optimization criteria:
 typical usability questions
 individual feedback
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Literature search

■ limited research on response formats in psychological 
tests available

■ previously studied response formats in psychological 
research (Martinez, 1999):

 Multiple-Choice (MC)
➔ very common & familiar, easy to explain
➔ easy scoring allows for immediate feedback
➔ but performance biased: guessing chance, response elimination strategy

 Computerized Modified Multiple-Choice Testing (Park, 2005)
➔ reasoning set apart from response recognition and selection

(user has to actively request response options)
➔ time limit (few seconds) hinders response elimination strategy
➔ but hard to find an appropriate time limit due to individual differences

 Non-Computer-based Constructed-Response (CR)
➔ no response options, answer has to be constructed
➔ eliminates MC bias
➔ but scoring is difficult, subject to interpretation
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New response format

■ newly developed response format in this thesis:
 Computer-based Constructed-Response (CCR)

➔ automatic scoring (compare MC)
➔ high subjective user control (beneficial for people with high test anxiety)
➔ inspired by usability research & design patterns
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Time for a short demonstration...
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Study: Objective, Method, Design, & Analysis

■ Objective: comparison of three response formats with 
respect to outlined criteria

■ Method/Design: repeated measures design, 27 subjects
 3 different response formats

➔ order: MC-CMMT-CR, CMMT-CR-MC, CR-MC-CMMT
 3 different item sets
 3 subjects per condition
 psychological questionnaires

■ Data Analysis:
 paired t-tests
 Cohen's d (effect size measure)

➔ d ≥ 0.2 : small effect size
➔ d ≥ 0.5 : medium effect size
➔ d ≥ 0.8 : large effect size
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Study: Results – Psychometrics (1/2)

Performance
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d = 1.8 , p = 0 d = -0.41 , p = 0.06
d = 1.49 , p = 0

Flow experiences
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d = 1.31 , p = 0 d = -1.33 , p = 0

d = -0.2 , p = 0.31
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Study: Results – Psychometrics (2/2)

Worry

MC CMMT CR
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d = 0.05 , p = 0.75 d = -0.22 , p = 0.13

d = -0.16 , p = 0.32

Emotionality
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d = -0.54 , p = 0.02 d = 0.64 , p = 0

d = 0.16 , p = 0.33
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Everything worked as I expected it

MC CMMT CR
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d = 1.06 , p = 0 d = -1.03 , p = 0
d = -0.04 , p = 0.86

It was always clear to me what to do next

MC CMMT CR
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d = 0.55 , p = 0.01 d = -0.75 , p = 0.02
d = -0.21 , p = 0.38

Study: Results – Usability (1/3)

■ Overall user feedback was positive
 “good user interface”
 “enjoyed it”
 “the diversity of response options was impressive”
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Arrangement of control elements was concise

MC CMMT CR
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d = 0.51 , p = 0.01 d = -0.11 , p = 0.52

d = 0.29 , p = 0.15

Usage of the program was easy to learn

MC CMMT CR
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d = 0.32 , p = 0.21 d = -0.2 , p = 0.26

d = 0.05 , p = 0.85

Study: Results – Usability (2/3)
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The representation of the interface confused me

MC CMMT CR
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4

5

d = -0.71 , p = 0.01 d = 0.57 , p = 0.03
d = -0.12 , p = 0.66

Working with the interface was a problem for me

MC CMMT CR
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d = -0.63 , p = 0.01 d = 0.64 , p = 0.03
d = 0.06 , p = 0.8

Study: Results – Usability (3/3)

■ some problems:
 time limit of CMMT format was too short [6 participants]
 color contrasts (green and black) too low [3 participants]
 figures (a bit) too small [2 participants]
 contrast of small body shapes too low [1 participant]
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Discussion

■ CMMT did not fulfill the expectations
 chosen time limit too short
 probably UI issues as well
 main problem: forced separation of reasoning and answering

■ CCR performs very well
 no significant differences to MC
 exception: performance, which is known to be biased for MC
 “it was great fun to assemble the figures myself”

■ adaptive testing requires large LLTM calibration study
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