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Micro scenarios for technology analysis

Background

Currently, many challenges
— Demographic change
— Decarbonization

— Digitalization

Technology can help to overcome these;

but often has (unwanted) side effects

Responsible technology development essential

Focus here: Early technology assessment based on scenarios
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Micro scenarios for technology analysis

Typical approaches

- Empirical evaluation of individual technologies
through interviews, focus groups or
questionnaires

Typical Scenario-Based Survey

[ | Construct A1 ] Construct G3
i [ Construct A2 [_| Construct G4
User modelling: & ‘ [ Construct A3 [[] Overall 1

Detailled Evaluation

Construct A \ } ! E
> Construct C ) —_— .

Demographics [IConstruct B1  [] Overall 2
. _ Attitudes. [] Overall 3 Overal
* Questionnaires often based on TAM or TAM Beliefs, ... Construct B Evaluation
; A single scenario described in detail and evaluated on
derivates se\:eral canstru-lz:*ts with Iman;r ite:msI each. e
* Link to personality factors
« Methodological challenge:
— Common Method Bias
(Podsakoff et al. 2003, 10.1037/0021-9010.88.5.879)
— Lexical analyses of the instruments provide
surprisingly good models
(“We evaluate the menu and not the food.”)
(Gefen and Larsen, 2017, 10.17705/1jais.00469)
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Micro scenarios for technology analysis

What are micro scenarios?

[
 Instead of a detailed measurement of one scenario, many Wlorg-Szenario Survey
scenarios are roughly measured @ ff e Ol Garminicta
- Micro scenarios often just one word or sentence User modelling: | | O :'E”";";‘“‘"‘ .
. . . ; 1 truct
= Capturing affective technology evaluation Aapnics L ﬁ O Gonstruct B
« Few dependent variables Beliefs, ... L\ Ol gt

¢ Single'ltem Scales (beSt validated & orthogonal) Many outlined scenarios evaluated with few items.
(Ang & Eisend 2017, 10.2501/JAR-2017-001)

« Semantic differentials V Topic Evaluation
(metric properties and suitable centers for visualisations) I I I
(Verhagen et al. 2018, 10.17705/1jais.00388) i o Bea I o ﬂ

- Examples: Risk (dangerous-safe), benefit and valence f*‘g ﬁj "*E-T‘«

(for modeling individual & technology-related tradeoffs) ﬂ?ﬂ?ﬂ

« Often used “intuitively”/without a theoretical basis
(for example, Sigrist 2007, 10.1111/j.1539-6924.2006.00859.x)

Therefore: SyStematIC fOU ndat|0n and |mp|ementat|0n Brauner P (2024) Mapping acceptance: micro scenarios as a dual-perspective

recommend ations! approach for assessing public opinion and individual differences in
technology perception. Front. Psychol. 15:1419564. doi:

10.3389/fpsyg.2024.1419564
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Micro scenarios for technology analysis

How can the data be interpreted?

« Overall mean:
The assessments are averaged across all technologies and all participants.
Provides an evaluation of the topic or technology complex regarding the dependent variables; for example,
whether the entire topic area is rated positively or negatively overall.

* Interpretation as a personality trait (perspective 1, horizontal through the data):
Participants' judgments are averaged across the technologies surveyed and interpreted as an individual
difference/disposition (reflexive measurement of a latent personality trait).
Example: Individual differences in risk attributions can be correlated with other personality factors.

* Interpretation as technology attribution and mapping (perspective 2, vertically through the data):
The judgments on the surveyed technologies can be interpreted as technology attributions.
These technology attributions can easily be illustrated and further analyzed.
Example: The risk attributed to a technology; attributions in relation to each other.
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Micro scenarios for technology analysis

Data schemas for micro scenarios

Dataset from survey:

One row per participant b OVERALL i
CASE-ID GENDER AGE SCORE A RISK VALENCE UTILITY VALENCE
3a7b6dof| M 24 5 -1 -0.7 -0.3
/ A Calculate average scores
b2ciagds| W | 31 4 i //// % /7/ 4 00" 0.3 (new variables) for each
3 / [/ participant across all
| queried topics for each
18e3dic7 | ‘W | :28 2 2 07 0.7 evaluation dimension
(horizontally).
1c%e3abb| W 35 3 0 20 2.1
aib7dS5eS¢ M 19 1 1 0.0 1.2
9f3a2bic| W 40 4 -1 0,7 1.9
° Average attributions of TOPIC 1, Perspective 1: Interpretation as Individual Differences.
° Create a new dataset by calculating average scores for Examine how individual perceptions of technology are interrelated and
e each topic across all participants (vertically). explore associations with demographic variables and personality traits.
Dataset for the technology attributions (new dataset):
One row per queried topic
e ' The questionnaire data (individual answers, one line
TOPIC-ID ITEM LABEL MEDIAN ’
‘ per participant) must be converted into topic ratings
TOPIC 1 Lorem ipsum dolor... 1
(one line per topic).
TOPIC 2 At vero eos et... 3
TOPIC N Stet clita kasd gub... 2 . . .
Notebook with analysis code freely available:
Perspective 2: Interpretation as technology assessment. Analyse mean technology attributions and their interrelationships. htt ps: / / g ithub. com / brauner p hili pp /M app in g Acce pt ance
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Micro scenarios for technology analysis

Example implementation — simple for researchers and participants

» Creation of a parameterized, repetitive question block -
(like a form letter)
° Random Ol'der' Of tOpICS Wie bewerten Sie folgende medizinische Anwendung Deutsch
* MUltIp'G response items in the same order ${lm:NField1}: S{im:/Field/2) , , .
. iy . ) Wie bewerten Sie folgende medizinische
* Quick and cognitively easy to process despite many items rakorec Anwendung:

(Tourangeau 2000, 10.1017/CB0O9780511819322)

Analoges Blutdruckmessgerat: Manuelf
anzuwendendes Messgerat zur indirekten

* Example implementation * B st o e o
+ “Repeat and merge” function (in Qualtrics; other tools similar) Oberarm angelegten Druckmanschette.
« Table with N technologies/topics & description . _ _
* Full design, random sample from the topics, ... HOCATIRociIer s Festerung zet
© roner e
« Specific introduction recommended before this block S endosiop Medizinsches |
« Explanation of dependent variables ©  naloges Blutdruckmessgerst  Manuell anzuw

Zufillige Anordnung der Wiederholungen

MNur der Gesamtzahl der Wiederholungen anz

. 000000
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Brauner P, et al. 2024. Mapping Public Perception of Atrtificial Intelligence: Expectations, Risk-Benefit Tradeoffs,
and Value As Determinants for Societal Acceptance, doi:10.48550/arXiv.2411.19356 (PREPRINT)

Micro scenarios for technology analysis

Example: Study on the perception and expectations of artificial intelligence

e Evaluation of 15 out of 71 future scenarios
— Al creates valuable works of art that are traded for money*

— LAl has its own consciousness
- Al makes political decisions

. e . Sample Consent & Attitudes and Micro scenarios
cc . .
— Al divides society Demographics Expertise
-, )Al pV‘OW\Ot’@S lVWlOvathVl“ 15 of 71 statements on potential developments
| ducti Al Readiness Scale in Al in the next decade (random sample).
N=1100 ntroduction (MAIRS-MS) 5 single-item dependent variables for each:
: : Age: 18—75 years Informed consent Technology _ E);E::ii‘e'::{}tili ty
« Evaluation regarding 570 women Readiness ~ Perceived Risk
. . 524 men Age in years Risk (@i :
- Ind IVld Ual FISk 5 diver!t-;emon-binary Gender KUSIV3 - {;‘Sa?:;?:tgl Risk)
— Util |ty LLLLt Education SSEs Example: In the next 10 years Al...
Employment penness ...raises living standards.
— Individual value (positive—negative) -~-desioys humanity y
g
g . L

— Probability of occurrence in a decade
« Sample

— 1100 Al laypeople (+129 experts)
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Micro scenarios for technology analysis

Results: Overall evaluation of the 71 scenarios

 Mean values across all topics and across all

1100 participants
Average Evaluations of 71 Al-related projections by n=1100 participants

 Across all Al scenarioes e
— Developments seen as rather likely and risky
— Developments seen as rather useless and
. 507
negative e [
2
E (_
[
lﬂ 0% V
E:
-507%:
=100%:
Cxpactancy Farcalvad Hisk Farcaivad Benetil Percanad valua
. o f is: . . ity f I
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Micro scenarios for technology analysis

Technology attributions (perspective 2)

100% LOW RISK & HIGH UTILITY HIGH RISK & HIGH UTILITY
Interpretation: -
There are topics rated as both 50% \
> . improves health performs medical diagnoses
U S efu I a n d U S e Ie S S . = supports me ‘PTBVST‘}S Cf.i["es fast Ie.arner /pilols airplanes
. . . |El o Iks to elderly — g raises |ivinq standards iilots cars /self—optimization
The vast maijority of topics are 5= vt scuriy %, soes sl sies 08| orscient__superi abis
. 8 % ) G T~ L explains Toved /$.writes acgiemic artiglgs decides m/edical lreatny Smanteiinan(ls
increases sustainabili N i
rate d a S rl S ky' = g dvices duri S~ t/'c oduction ‘@ o IearK%/ monitors behavior pantioffouribedies
. . . <§( . SETTED D e acvicesidining uncertaln\-t{/b r) (3 o - — controls cyborgs _— independent decision-making
- y creates jobs = d . . S ——
T h ereis ame dl um ’ n eg atl ve 5) ? o eaieal o i’]“pm"e;\so‘:ialj“mice % Sy b(:ss job " ne‘:eslf—recreation e ConscIousnecsosntrols our information
H H L K} funny ‘has empatﬁ e mof®i-based Edecides,on loans <" :’// " / N .
CO rre Iatl O n be tW ee n p e rcelve d L § selects leisure activitie‘s \r‘; ‘ence:\partnersh'ps inﬂuence:bz.elit oS hi b dtOBS S
inglu 5 i ows everything about me -
rl S k a n d u Sefu I ne S S 2 ~ threatens my future threatens my cgeer T - beyond human/(:)ntr(ﬂ - de(;iges legal®a : . det.err‘mnes wartale
" % prefers certain groups — mﬁkes W e destroys humanit; ? ) misused by criminals
Z . divides society YA LN 4 \werwses us
< creates valuable art becomes family increases loneliness knows personal secrets makes political decisions
50% considers humans a threat decreases reétion;hips A \ decides employment
- ° i o : decides our death
improves relationships ~TL
-100% LOW RISK & LOW UTILITY HIGH RISK & LOW U'I:II;\TY
-100% -50% 0% 50% 100%
— _ _ o/ — (_ N ) AVERAGE ESTIMATED RISK
r = —0.525, Cl-95% = (-.675; —.331), p < .001 RAGE ESTIMATED
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Brauner P, et al. 2024. Mapping Public Perception of Atrtificial Intelligence: Expectations, Risk-Benefit Tradeoffs, and Value As Determinants
for Societal Acceptance in Technology Forecasting and Social Change (2025) https://doi.org/10.1016/j.techfore.2025.124304

promotes innovation

Micro Scenari OS for teCh nOIogy anaIySiS \‘\\\ improves health / /performsmedicaldiagnoses

prevents cr‘irmes fast Iearner7 pilots airplanes
i

supports me

alks to elderly — o raises Iivinq standards Eilots cars /self—optimization

improves security solves social issues / omniscient/ superior abilities
| ~ / smarter than us

‘ writes academic ar tiglgs decides medical treatmy
__— ® ¢ - — part of our bodies

oduction ® - monitors behavior
cBntrols Iearnm%}to slbehiayio
increases wealt 9 o (4

plans urban infrastruc
">~ _explains

What determines the attributed value? ncesses sustainabity =272 T R

advices during uncertain\ty controls cyborgs _— independent de

subordinate in work TR jc;bs =

becomes our b% writes news ——— has consciousness

legenesistidents| improves social justice
\ d

Linear regression with Perceived Risk and Perceived wny” | /w?" o e e s mertina
Utility as predictors and Attributed Value as dependent f/j‘/y.//' I

i kes us lazy ~ ) . ?
i prefers certin groups —— M8KES U B L ® ooy pumanity N supervises us
Va rl a e . ° divides society ~/ /..\ p
creates valuable art becomes family ~ incceases Ionelﬁ'ne5§ knows personal secrets\ makes political decisions
decreases relationships \.\ decides employment

considers humans a threat
decides our death

improves relationships

Regression table: Interpretation:

B-Estimate SE t value Pr(>|t]) Very high variance explanation!
(Intercept) 0.014 0.0110 1.296 9.199 96% of the explanation of Value

Risk -0.504 0.0302 -16.710 <2e-16 **x* stems from Risk and Ultility.
Utility 0.720 0.0286 24.840 <2e-16 **x*

The perceived utility outweighs the
R20.964, R%,4;=0.963 (96%) perceived risk (=-.504) in the
F(2,68)=916.9, p<.@el variance analysis (£=-.702).
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Micro scenarios for technology analysis

Correlation of Al ratings with personality factors (perspective 1)

Table 4: Results of the Hierarchical Linear Regression Analysis for Individuals’ Perceived Risk, Benefit, and Valence
of Al, by Demographics (Age, Gender) and Technology Attitudes. Including Technology Readiness and Al Readiness
improved the model’s explanatory power and decreased the influence of age (and to a lesser extent, gender) on the three
target variables (n=1094). “***” gignificant at p < .001, “*” significant at p < .05.

Philipp Brauner

Human-Computer
Interaction Center

Hierarchical regression: Independent Variable Perceived Risk  Perceived Benefit  Perceived Valence
« First step: Step 1: Demographics
(Intercept) +0.074 +0.214%** +0.059
] [S)emo%raphy. Age in Yours 8) +0.198%* 0,183 %k 0.1 40% K
econd step: Gender (8, dummy coded m=1, w=2) +0.051 -0.055 ~0.068%**
gﬁ m?egrfgr?tg N explanatory user factors i3 0.041 0.036 0.026
PP ry exp ry F(2,1091) 23.46 ** 20.19 *#* 14.65 #*
Both models are significant. The second model Step 2: Explanatory Variables
explains significantly more variance than the first (Intercept) +0.332%%* +0.286*** +0.390%**
model. Age in Years () +0.159%* —(0.109%%** —-0.088*
Gender (3, dummy coded m=1, w=2) +0.022 +0.000 +0.021
) Technology Readiness (/3) +0.058 +0.109* +0.108*
Interpretation: Al Readiness (AIRS) (3) —0.100%* +0. 1893k +0.14 1 #%*
The mfluence of demographics (which cannot be AR? +0.018 +0.061 +0.042
changed) is reduced by the explanatory user factors R2 0.059 0.097 0.067
(which can be changed by training, for example). F(4,1089) 16.92 *#* 20.22 **x 19.85
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Micro scenarios for technology analysis

Evaluation of the method

Pragmatic approach:
= Easy to set up for researchers
= Easy to answer for participants (participation in the sample study took less than 10 minutes)
= Use of accessible semantic differentials with meaningful scale midpoints

Multiple interpretations
= [nterpretation as an overall mean value for the entire subject area
= [nterpretation as a personality trait (perspective 1)
= Correlations with other personality traits
= Identification of group or factor structures
= [nterpretation as technology attributions (perspective 2)
= Visual positioning of the attributions on maps
= Interpretation of distributions, correlations and outliers
= Interpretation of regressions regarding intercepts and slopes

However, no detailed evaluation of a single technology is possible!

13

Micro scenarios for technology analysis: dual interpretation as personality factors and technology attributions on acceptance types,
Philipp Brauner



Micro scenarios for technology analysis

General recommendations and possibilities

« Systematic creation of topic lists
* No more than 15-20 topics per respondent (random subsampling possible)
« >40 topics difficult to visualize
 Remedy: Use underlying design space/factor structure: Systematic subset of corresponding prototypes
« Caution: Selection bias can lead to spurious correlations in technology attributions (“Berkson's paradox”)

* Intensive pre-testing necessary
« Are all dependent variables understandable and unambiguous?
* Are the topics clearly explained?
« Both must be interpreted by participants
= Errors post-hoc more difficult to identify

« Supplementary options
« Supplement judgments with “hard facts” (e.g., perceived and actual CO2 consumption of means of transport)
« Contrast judgments of different groups (e.g., judgments of experts on x-axis, those of laypersons on y-axis)

e.g., Brauner et al., (2024) Misalignments in Al Perception: Quantitative Findings and Visual Mapping of How
Experts and the Public Differ in Expectations and Risks, Benefits, and Value Judgments, arXiv:2412.01459
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Micro scenarios for technology analysis

Advantages and disadvantages of this method

Advantages: Disadvantages:

Not frequently used = Not frequently used (“Beware of the reviewer”)

Many topics can be put into relation & outliers Possible criticism due to single-item measurements

identified (no Cronbach's a, often low ICCs)
Two perspectives in one study = No detailed, rather superficial, affective evaluation of
= Individual differences many topics

» Subject ratings

_ _ _ L = Visualization of variances difficult
Easily accessible visualization of results Points suggest falsely precise measurement (error

: . _ _ bars/Cls for the points often unclear)
Topic ratings can be examined in many ways

= Correlations, regression, clustering, PCA, ...

15
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Micro-Szenario Survey
Micro scenarios for technology analysis 23 Z’Z__m;“;‘;:‘;‘t:d;\”|
| 44 %8822332{3
P O overat <
Thank you for your attention! - Summary

« Micro scenarios: many scenarios are roughly evaluated (with few items)
— Few single-item scales as dependent variables (ideally as SembDiff)

— Many scenarios are simultaneously quantified and comparable

Base paper:

Example of application:

Many outlined
scenarios
evaluated with
few items.

>
| 9]

>

p <
3
>
(o

[ > |
(O

O

]

<
=

Spatial Mapping

. . . . . o\

— Topic ratings can be displayed spatially & visually <1 g ‘ﬂ%m

. . . ] m
— Average rating of the scenarios can be interpreted as a user factor (reflexive :
Dim. A [F
1 7
measurement of latent constructs) Jz{
U\
Mapping Public Perception of Artificial Intelligence: Expectations,

Brauner P (2024) Mapping acceptance: micro Risk-Benefit Tradeoffs, and Value As Determinants for Societal Acceptance RISK

i - i 50%
scenarios as a _dual .pferspectl\./e gpproach for OBJECTIVE METHOD RESULT
assessing public opinion and individual
differences in technology perception. Front. ) 0%
Psychol. 15:1419564. doi: K N=1100 Al novices from Germany . ‘ B=-.490
10.3389/fpsyg.2024.1419564 - ? Age: 18-75 years i

* Gender: 52% w, 48% m é -50%
H ' Al and Technology Readiness a oo 12294 2%

Brauner P, et al. 2024. Mapping Public Perception : 71 prgjlt_e?tionsgn A % ’
of Artificial Intelligence: Expectations, Risk- ." ) capabilities an'mpaﬁ © E st -
Benefit Tradeoffs, and Value As Determinants for //‘ . 0% B=+.672

Societal Acceptance in Technology Forecasting
and Social Change (2025)
https://doi.org/10.1016/j.techfore.2025.124304

>

ESTIMATED RISK
-50%  yTILITY

ol 444

0%

-50%
VALENCE
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