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01. Background 02

Public Survey Data in Social Science

Understanding Social Dynamics
Essential resources for understanding individual lives
and social trends across domains

Key Asset for Social Scientists
Widely utilized to derive critical insights for public policy
and academic research




01. Background

How Social Scientists Analyze Survey Data

Theory-Grounded Hypotheses: Formulating research hypotheses based on
theoretical foundations and previous studies

Operationalization: Translating abstract concepts into measurable survey
variables (reflecting the researcher's domain knowledge)

Statistical Modeling: Applying appropriate statistical methods to test the
relationships between selected variables
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02. Domain-Informed DGs

Challenges & Needs

Challenge 1 Challenge 2 Challenge 3

: : Traditional tools leave ke -
High structural complexity y General-purpose LLMs produce

, o decision conditions opaque, expansive, unpredictable
N pu |Qt§urveys lCaléseS making reproducible outputs that drift beyond the
cognitive overloa planning difficult intended analytical scope
4
Suf,p%rlt to ':3,'::'? smt?ble A structured framework Bounded, evidence-based
va ;? redc'? ml anzs ?(C IOSrS to organize complex decision-making tightly aligned
scatierediiems and expliore methodological conditions with social science workflows

alternative operationalizations
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02. Domain-Informed DGs

Design Goals

Design Goal 1 Design Goal 2 Design Goal 3
Provides researchers with Provides researchers with Constrain functionality to a
candidate variables and structured analysis plan and domain-bounded workflow

reasoning, and enables them to enables them to iteratively to ensure a predictable and
review and modify improve them trustworthy analytical assistant

Support to identify suitable

variable candidates across A structured framework Bounded, evidence-based
scattered items and exblore to organize complex decision-making tightly aligned
P methodological conditions with social science workflows

alternative operationalizations
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Operational Flow of LAPS

Step 1: Operationalization Step 2: Planning Step 3: Execution | | Step 4: Reporting
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03. LAPS

Step 1: Operationalization

LAPS: Automating Hypothesis-Driven Statistical Analysis of Public Survey Using Large Language Models

& System Configuration = /ariables >_ Real-time Analysis Log @ Cear | | 4 Auto-scrol

Data Settings:
y Data: ESS9e03_2-subset.csv

ndehook: F559e03 2-subset codebook him 1£:11:54 A SyYSTEM Connected to web interface.

INFO Web interfoce ready. Please check settings and enter hypotheses to stort onalysis.

A eyITEM  WebSocket connection established.

R
4

' Project Settings

Project Name

MyProject

Research Hypotheses

dliERIEEEN

Perceptions of fair opportunity to obtain desired occupations
vary depending on educational level.

Analysls results will e gisplayed herg

Start Ana

K resulls i realk-time oneg _:""u'l.'| cie sharts

s | l F
= Project Files
& Project Files L Refresh 4 Latest Results
Project files will be displayed here
Yo Ca ] 31 11 3 - |



03. LAPS

Step 1: Operationalization

LAPS: Automating Hypothesis-Driven Statistical Analysis of Public Survey Using Large Language Models

o Reset @ Connactied F Analyzing

2 System Configuration

2_ Real-time Analysis Log W Clear & Auto-scroll

e5 selected

s eisced ([(TTIIERTY

Survey Data: ESS9e03 2-subset.csv " i X ¢ . TCEE
; Highest el of education, ES - ISCED

O

Codebook: ES59e03_2-subset codebook. htm

A INF0 RH1: 5 survey design variables were identified.

[ Change Settings cket event 'variable_selection_completed' sent successfully

LT dependent_varabie

Lomparnsd ol peophe in country, falr chance get job | seex

i

=== [HH:
based on ¢

COnsS1sSte

s Project Settings

Project Name

MyProject VLN cepencortvariabi

Everyone in country fair chance get job they soak

Research Hypotheses 0

Variable @ |

JProjects/MyProject _Z282683100012/RH1 _variable_selection_log. txt

Evaluaoting variable completeness for hypothesis "Perceptions of fair opportunity to obtain
desired occupations vary significantly based on an individual's educational level

AFREEEREEDN

Perceptions of fair opportunity to obtain desired
occupations vary depending on educational level. agea L R
Age of respondent, calculated

)

[ e

[ ] TOu Can Check reswits in real-time ance analysis starts

© Validate Environment
gndr m Analysis results will be displayed here.
P Start Analysis

..
[
ia

| Eng

e
1
1
=
e —

¥ Load Latest Result

hinctnta

Housenosd s total net IncCome, all Sources

)
& Project Files

& Project Files * Refresh & Latest Results

0 Variables selectad mnactic m
Main acthity, last f days. Al responceEnts. Post Chod
=

Project files will be displayed here.

cntry

Country You can download result files after analysis completes
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03. LAPS

Step 1: Operationalization

=~ Variable list updated: +0 new, -0 removed, 8 unchanged

Selected Variables List (Total: 8)

Household's total net income, all sources
Control variabke representing socioeconomic status, which may influence perceptions of opportunity independently of education.

© mnactic

Main activity, last 7 days. All respondents. Post coded
Control variable to account for the respondent's current employment status (e.g., employed, unemployed, student).

© cntry

Couniry

Control variable bo account for country-specific labor market conditions and educational systems.

IE Survey Design Variables (Total: 5)

Variable: anwelghi
Survey design variable for analysis weighting.

PN surver_susign_ vaiie

Sampling stratum
survey design variable identifying the sampling strata.

S Ll survey_design_varisble
Primary sampling wnit
Survey design variable identifying the primary sampling units.

@ Additional Requests (Optional)

remove agea variable.

Submitting with blank input approves the curment variable selection and proceeds o the next step.

FHEASE TEVIEY LI LITTE LY SESUTEL WAl DS AN ET0eET any' SO i EUUESTS DO, Sl 1] 1:!- LA [§ L O
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03. LAPS

Step 1: Operationalization

LAPS: Automating Hypothesis-Driven Statistical Analysis of Public Survey Using Large Language Models

£ System Configuration »_ Real-time Analysis Log W Clear | | 4 Auto-scroll

User 15 satisfied with current varioble selection

Data Settings: 2 Refined: +0 new, -1 removed,

Survey Data: ESSS9e03 2-subset.csv

LR ndependent varibie =
Codebook: ES59e03_2-subset codebook.htm

Highest ewvel of education, ES - 1SCED

RH: Feedback process completed and flogs reset

AH: User satisfied with current variable selection. Interaction completed
i
-= RH: Variaoble selection user review stoge completed

=== RH: Generating descriptive statistics for selected variables ---
; : = 3
% Project Settings Qifrjob T
Lomiparad othar peopie in country, far chance get job | Seak

L

Starting descriptive statistics generation for selected variables

Validated 12 variables for analysis

Project Name

Retrying with adjusted dota preprocessing...

MyProject

‘HEEEEEREER

Qevirjob [ . 3
Research Hypotheses Everyone in country fair chance get job they seek

L AFRERREEEDN

Error-based dota preprocessing adjustment: "str object has no attribute "get’

1
L
e,

Perceptions of fair opportunity to obtain desired
occupations vary depending on educational level.

@gndr LR 4

LaEner

Analysis results will be displayed here,

You can check results in real-time onoe analvsis starts
Household's total net income, all sources L ot ot o al-lime Once analysis stark

B Start Analysis @ hinctnta s

Ao T o 1 - 1
P T |
:II"..I 1 Ar 37 | I"I-

i s A | '
e LOD0 LANEST RESUITS

= Analysis Progress @ mnactic 6

Main activity, last 7 days. All respondents. Post coded — 3 Froject Files

O

& Project Files i Refresh X Latest Results

D Variables refined

© catry S

Country

!

Project files will be displayed here.

You can downdoad result Tiles after analysis complete:

© Removed Variables (1) is comp

© egee- [T}

Ane of respondent, caltulated




03. LAPS

Step 2: Pl

anning

3. Secondary / Robustness
Sensitivity Specifications:

* Alternative Coding: Re-run the models treating eisced as a continuous linear predictor to test for a linear trend in perceplions.

+ Limited Covariates: Run a "base model® including only e{sced and cntry 1o observe the raw association before adjusting for Individual-level controls ( gndr

hinctntn , smactic ).

* Theory-based Interaction: Include an interaction term bebween education and gender [ 1. eisced #8 1. fenale ) to test if the "education-fairmess” link is
moderated by gender-based labor market experiences.

4. Diagnostics & Assumptions
Numerical Diagnostics:

* Design Effects (DEFF): Calculate DEFF for the primary predictors to quantify the effidency loss due to clustering and stratification.

# Multicollimearity: Calculate Variance Inflation Factors (VIF). A VIF > 5 for non-categorical variables will trigger an investigation into redundant controls.
# Influential Observations: Calculate and review cases with high leverage or Cook’s Distance values exceeding $4/n%.

 Wald Test: Use a joint Wald test to determine the overall significance of the eisced factor in the presence of complex surwey waights.

5. Reporting Plan
Statistics to Report;

* Descriptive Table: Weighted means and standard deviations for DVs; weighted frequencies for IV and controls,

+* Regression Table:
Unstandardized coefficients ($\betas) with survey-adjusted standard errors,

g5% Confidence Intervals.
P-values (highlighting $p < 0.05%, $p < 0.01%, $p < 0.001%).

Model Fit: F-statistic (adjusted for survey design), degrees of freedom, and $R~2%.
Explicit Statement: All results must be explicitly labeled as "Survey-weighted estimates accounting for stratification ( stratum ) and dustering ( psu ).°

#® Additional Requests (Optional)

use ordinal logistic regression instead of primary method.

Submitting with blank input approves the curment Analysis Plan and proceads to the next step
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03. LAPS

Step 2: Pl

anning

b LR ’1- r

» Welghting: Use arweight (analysis welght) to account for design weights, post-stratification, and population size.
Clustering f Stratification: Define the complex survey object using psu  as the primary sampling unit and strotum as the sampling stratum.

Primary Analysis
Method: Survey-weighted Ordinal Logistic Regression (Proportional Odds Model)).
Model Formula: 17rcb &18Ced + gndr + hinctnta +« mmoctic +« factor{cntry)

Estimand: Adjusted Ddds Ratios (aDR) representing the odds of moving to a higher category of percefved faimess for every unit increase in education (or relative to the
owest aducation categorny).

Variance Estimator: Taylor Series Lineariration to acoownt for the complex samipling design (PSU and Strata).
Effect Sixe & CI: Report a0R with 95% Confidence Intervals and Wald $\chi® 2§ tests for the overall significance of the «1 5

3. Secondary / Robustness Checks

ARltermative Dependent Varlable: Re-run the primary model using evfriob (general perception of faimess in the country) as the outcome to determine If education
effects are consistent across personal vs. socketal perceptions.

Theory-based Interaction: Include an interaction terrn between education and gender [ sisced * gndr ) to test if the "education-fairness® gradient differs for men
and women,

Limited Covariate Model: Run a parsimonious model including only eisced , cntry , and wesghts to observe the total effect of education before adjusting for

mediators lke inoome and employment status,

4. Diagnostics & Assumptions

Design Effects (DEFF): Calculate DEFF for the primary predictor [ eisced ) to evaluate the efficiency loss due to the complex survey design compared to simple
random samipling.

Proportional Odds Assumption: Conduct a Wald test to check the paraliel regression assumplion. IF viclated significantly, a Partial Proportional Odds model or
Multinomial Logistic Regression will be considered as a sensitivity check.

Multicollinearity: Calculate Variance Inflation Factors (VIF) for all predictors. A VIF > 5 will trigger an investigation into variable redundancy (e.g., bebween eisced
and hincknta )

Influential Observations: Calculate and review cases with high standardized residuals or high leverage (numenical chisck of DFBETAS) to ensure results are not driven
by outliers.

5. Reporting Plan

Descriptive Statistics: Report weighted means/proportions and standard errors for all variables.

Model Estimates: Present a table containing:
r Regression coefficents ($\beta%) and standard errors (5E).

> Adjusted Odds Ratlos (aDR) with 95% Cls.
P-values derivied from the survey-adjusted Wald test.

Survey Adjustment Statement; Explicitly state that all point estimates and standard errors incorporabe  anweight , psu , and h’ atun b0 reflect the complex
survey design,
Model Fit: Report the Archer-Lemeshow goodness-of-fit test for survey-weighted ordinal models.

@ Additional Requests (Optional)

e.g., 'Please use a different model instead of logistic regression’, "'Please add age variable as a control variable’
If satisfied, leave blank and dick ‘Approve’.
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03. LAPS

Step 3: Execution & Step 4: Reporting

LAPS: Automating Hypothesis-Driven Statistical Analysis of Public Survey Using Large Language Models

L System Configuration »_ Real-time Analysis Log W Cear | | 4 Auto-scroll

&= Analysis code generation completed (RH1)

Data Settings: L Refined: +0 new, -1 removed,

Survey Data: E5S9e03 2-subset.csy B Stotistical analysis execution completed (RH1)

& eisced m 1 Key findings: Statistical analysis completed successfully

Highest level of education, ES - ISCED

Codebook: ESS9e03_2-subset codebook.htm

-== RH. Perceptions of TALr OPPOrtunity tO ODLALN Odesired OCCUPOLLONS vary SLgniricontlLy
' Change Settings 0 based on an individual's educational lewvel.' Step 4: Reporting - Analysis report
- generation started

Starting analysis report generation for hypothesis 'Perceptions of fair opportunity to
3 iject Eettjngs, @ ifrjob m 1 obtain desired occupations vary significantly based on an individual's educational
Lompaned other peoph in country, far chance get job | seak Level.".

O Loaded survey item information for @ variables

Project Name
Simplified execution_details to prevent data duplication
© evfrjob l: _var . 3 Analysis results validation possed: Found 28 stotistical results

Research Hypotheses Everyone in country fair chance get job they seek

[

MyProject

AFREREREEEDN

Perceptions of fair opportunity to obtain desired

occupations vary depending on educational level.
© gnar EEITEETTY ‘
[ g

)

Analysis results will be displayed here

—
TOU Can CReck resuits in real-time once analysis starts

P Start Analysis @hinctnta o E 5

Housshold's total net income, all sources

= |
I
| A Al ) 0
S T, =yt |
)
W LAE K 5

= Analysis Progress © mnactic 6

Main activity, last 7 days. All respondents. Post coded & Project Files

‘ F‘I’ﬂj&ﬂt F“ﬁ = Latest Resylis
i eyt

ar Refresh

Country

el Jl control_variable ? [ — .

i ]

Project files will be displayed here.

YOu Can gownioad result Nles alter analysis cCompseies

& Removed Variables (1) u

© egee- [}

Age of respondent, caltulated

09



03. LAPS

Step 3: Execution & Step 4: Reporting

= Analysis Progress

0 Analysis completed!

hinctnta

Housenoid's Total net InCcome, all SOurces

o

mnactic

Main activity, last 7 days. All respondents. Post coded
0

entry EIEETTY

Country

L

= pspwght ETE 08 )

Post-stratification weight including design wesght

i ]

pweight [T e

Variable: paneight
D

anweight (™ ke

Variable: armweight

o

bl survey_design_variable

Sampling Stratum
D

Lol survey_design_varisble_

Primary sampling nit

L

1

Statistical Analysis Report: Perceptions of Occupational
Fairness and Education

1. Introduction

This report examines the relationship between an individual's educational level and their perception of fair opportunity in the labor
market. The primary research hypothesis (RH) posits that perceptions of fair opportunity to obtain desired occupations vary
significantly based on an individual's educational level. The analysis accounts for sociceconomic and demographic factors, as well
as country-specific labor market conditions.

2. Methodology

2.1 Data and Survey Design

The analysis utilized data from the European Social Survey (ESS Round 9). To ensure population representativeness, the following
survey design elements were applied:

» Weighting: Analysis weight ( anweight ) accounting for design weights, post-stratification, and population size.
« Clustering: Primary Sampling Units ( psu ).

« Stratification: Sampling strata ( strotum ).

» Variance Estimation: Taylor Series Linearization was used to account for the complex sampling design.

2.2 Variables
* Independent Variable: Highest level of education (ISCED) ( eisced ).
» Dependent Variables:
Personal perception of fair chance to get a desired job ( ifrjob ).
General perception of fair chance for everyone in the country ( evfrijob ).

+ Control Variables: Gender ( female ), Household total net income ( hinctnta ), Main activity in the last 7 days
( mnactic ), and Country ( cntry ).

2.3 Statistical Approach

A Survey-weighted Ordinal Logistic Regression (Proportional Odds Model) was conducted th estimate the effect of
education on the perceived fairness of job opportunities, adjusting for all covariates.

3. Descriptive Statistics

The following table presents the weighted means and standard errors for the priman
28,820% for the final model).
All hypotheses analysis completed.

ST ANIFL AT Frreir S |
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03. LAPS

Step 3: Execution & Step 4: Reporting

4. Primary Analysis Results
The survey-weighted ordinal logistic regression was performed with ifrjob (Personal fair chance) as the dependent variable.

4.1 Effect of Education

The analysis revealed a statistically significant positive relationship between education level and the perception of fair opportunity.

» Education ( eisced ): $\beta = 0.2044%, $SE = 0.0129%, Adjusted Odds Ratio (aOR) = 1.2268 (95% CI [1.1963, 1.2582]),
$p < .001%.

« Interpretation: For every unit increase in the ISCED education level, the odds of reporting a higher level of perceived fair
opportunity to obtain a desired job increase by approximately 22./%, holding other factors constant.

4.2 Effects of Control Variables

All primary control variables showed significant associations with the dependent variable:

« Gender ( female ): $\beta = -0.1682%, aOR = 0.8452 (95% CI [0.7838, 0.9113]), $p < .001%. Females have significantly
lower odds (approx. 15.5% lower) of percelving a fair chance compared to males.

«» Income ( hinctnta ): $\beta = 0.1058%, a0OR = 1.1116 (95% CI [1.0935, 1.1299]), $p < .001%. Higher household income is
associated with higher perceived faimess.

« Main Activity ( mnactic ): Compared to the reference category (Fact 1):
tic_foct? : aDR = 1.8665, $p < .001% (Higher perceived fairness).
t5 : a0R = 0.2793, $p < .001% (Significantly lower perceived fairmess).
: a0R = 0.6971, $p < .001S.
t8 : aDR = 0.6349, $p < .001%.
mmactic_fact? and fact9 were not statistically significant ($p = .3441% and $p = .9896%, respectively).

4.3 Country Fixed Effects

Significant variation was observed across countries compared to the reference country:

k

« Highest Perceived Fairness: Switzerland { cntry_fact(H , a0R = 2.0279) and Finland { cntry_factFl , a0R = 1.9046).

* Lowest Perceived Faimess: Montenegro ( cntry_factME , a0R = 0.3065), Bulgaria ( cntry_focti( , a0R = 0.3637), and
Italy { cntry_factIT , a0R = (.4148).

5. Diagnostics

« Sample Size: 28,820 observations were included in the primary model after deaning and listwise deletion of missing values.

« Design Effect: The Design Effect (DEFF) for the primary predictor ( ei1sced ) was calculated to account for the complex
survey design.

« Model Fit: The analysis was conducted using the svyolr function from the R survey package, ensuring that standard
errors and p-values are adjusted for the multi-stage sampling design,

6. Conclusion
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03. LAPS

Technical Soundness
Evaluating five hypothesis-testing exercises from the Complex Survey

Data Analysis textbook

Tutorial Selected Variable Statistical Method Test Results
‘S::dplf;'g:[iz' g iﬂ:f;::;::“m - ovisl T1: Do more than 50% of U.S. households use air conditioning equipment?
Answer ACUsed One-sample t-test p < 0.001
EXPLORING
LAPS ACUsed One-sample z-test p < 0.001
COMPLEX SURVEY
DATA ANALYSIS USING R T2: Does the average temperature that U.S. households set their thermostats to differ
A Tidy Introduction with {srvyr} and {survey) between the day and night in the winter?
Answer  WinterTempDay; WinterTempNight Paired t-test p < 0.001
LAPS  WinterTempDay; WinterTempNight Paired t-test p < 0.001

T3: Is there a relationship between the type of housing unit and the year the house was built?
Answer HousingUnitType; YearMade Wald chi-square test p < 0.001

LAPS HousingUnitType; YearMade Pearson chi-square test p < 0.001

T4: Does the average age of those who voted for Joseph Biden in 2020 differ from those
who voted for another candidate?
Answer (DV) Age; (IV) VotedPres2020_selection Two-sample t-test p < 0.001
LAPS (DV) Age; (IV) VotedPres2020_selection Two-sample t-test p < 0.001

T5: Is there a difference in the distribution of gender across early voting status in 20207

A, Rook CRCP :
4 Chapman & Hall | st Answer Gender, EarlyVote2020 Rao-Scott chi-square test p =0.03

LAPS Gender, EarlyVote2020 Rao-Scott chi-square test p =0.03




04. User Study

Study Procedure

Formulating hypotheses and conducting a 4-step analysis workflow

Instruction Main Session Follow-up Interview
Introductory session 1 2 3 Analytic approaches
 —  —
......................... (ESS 9) (ESS 10) (ESS 11)
Pre-survey I EER BE ........ y ......... G|_E ........ ?/) ....... |_Aps ..... > nteraction with syster
- Demographic 9> 9>

- Research Background

- AI/LLM Familiarity SUS  NASA-TLX  TXAIl [ Break Time (5 min.) Perception of LLM analysis

*ESS: European Social Survey

“Within-Subjects Design”

1) Baseline (BE): Traditional tools only (SPSS, R) + Web Search
2) General LLM (GLE): Traditional tools + ChatGPT 5.1
3) LAPS: Our proposed framework

11



04. User Study

Participants
Research
ID Gender Age Education Experience R(Eggg)1 R((EJ:SH%)Z R(Eggﬂ)?’
(Years)

P Male 31 Master's Student 3 BE GLE LAPS
P2 Female 33 PhD Candidate 3 BE GLE LAPS
P 3 Male 53 PhD 25 BE LAPS GLE
P4 Female 32 PhD Student 4 BE LAPS GLE
P5 Male 29 PhD Student 4 GLE BE LAPS
PO -emale 25 PhD Student 2 GLE BE LAPS
P/ -emale 40 PhD Student @ GLE LAPS BE
P3 -emale 33 PhD Candidate 4 GLE LAPS BE
P9 ~emale 5 PhD 20 _APS BE GLE
P10  Female 27 PhD Student 3 _APS BE GLE
P11 -emale 33 PhD Candidate 12 _APS GLE BE
P12  Female 31 PhD Candidate ® _APS GLE BE

12



05. Results

Ensuring Researcher Agency and Analytical Stability

System Usability Scale
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GLE LAPS

LAPS as a collaborative tool that preserves the researcher’s control
over key analytical decisions

“I could revise and adjust variable selection and the analysis plan |[...] and
it always felt like the tool left the decision to me. | could use the suggested
method as it was or combine multiple options, so it really felt like it was

giving me choices” (P3)

LAPS raises the baseline of analysis quality

“The biggest barrier in social science is the time it takes to learn statistical
tools [...] and a tool like LAPS would let students or researchers try more
Kinds of studies and make research more accessible” (P7)
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05. Results

Reducing Cognitive Burden in the Analysis Workflow

NASA-TLX

TER
%% * K
6
i 5l
5 ®
R

4
S I é
2 -~ B
1

BE GLE LAPS
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LAPS reduces the cost of exploratory analysis by making early
analytical conditions visible

“Social science research requires constant movement between theory
and exploratory analysis. [...] LAPS helps reduce the cost of testing
analytic ideas quickly, allowing me to check whether an analysis is feasible

with the dataset before committing to a new method” (P11)

LAPS enables researchers to focus on conceptual
decisions rather than tool management

“LAPS automatically organizes everything | used to stitch together
on my own, collecting the variables, setting up the models, and
summarizing the logic behind each step. [...] It saved time, but more
Importantly, it freed up mental bandwidth because [ didn't have to
manage the process myself constantly” (P5)



Trust In LAPS Results

TXAI
'LI
5 v = o
.
4 —— ¢
-'- &
3 ¥
2
1
1

GLE LAPS

LAPS builds confidence by providing transparent, domain-bounded
reasoning rather than black-box recommendations

“With general LLMs, | often felt anxious about hallucinated variables or
arbitrary statistical choices. LAPS, however, clearly grounds its
recommendations in the actual survey metadata, which made me trust its
output” (P2)

“Because the system explicitly explains why it chose specific variables and
statistical methods, | didn’t feel like | was blindly accepting an Al's answer.
[t felt like a transparent collaboration” (P10)
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Design Implications for Expert Workflows

Supporting Early-Stage Integrating Knowledge Interpretive Variability
Researchers Resources
LAPS mitigates analysis quality LAPS sustains a coherent Al explanations are helpful, but
variation, but novices may still workflow, but researchers meaningful interpretations
overlook essential data occasionally need an external iInherently vary across disciplinary
verification steps theoretical context traditions

Reconceptualize data processing Integrate “on-demand evidence” Introduce a cross-domain
as visible, traceable decisions and features to link choices with simulation agent to present
provide reflective cues to maintain literature without causing diverse perspectives while

data literacy information overload preserving researcher agency



Broader Impacts & Procedural Responsibility

The Double Edge of Safety Procedural Responsibility

Research reliability and procedural
transparency fundamentally
depend on the researcher’s

ethical commitment

Strict LLM safety filters often
block legitimate analyses of
sensitive public survey items

M ¥

Balance model selection
and safety policies to ensure
analytic robustness
for sensitive research topics

Automate audit trails and
workflow logs to
facilitate transparent,
evidence-based reporting
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Appendix - Step 1

Codebook Parser .Y

You are an expert in survey codebook analysis with deep knowledge of various codebook formats. Your task is
to extract comprehensive variable information from this codebook, including detailed survey questions and
response choice labels.

# INPUT:
Codebook Data: {codebook_text}
# TASK INSTRUCTION

(1) Variable Names: Look for various patterns:
e Standard formats: V200001, V201006, Q123
e Descriptive names: Age, Gender, Education, Income
o Mixed formats: CaselID, InterviewMode, Weight
(2) Variable Descriptions/Labels: Extract detailed descriptions:
e Full descriptive text found near variable names
e Category labels and value descriptions
e Scale descriptions (1-5, 1-7, etc.)
o Multiple choice option labels
(3) Survey Question Text WITH Response Options: Extract complete question wording:
o Full question text as asked to respondents
e Include ALL response choice labels in the question text
(4) Response Choice Labels Integration: always include when available:
e All response option labels (e.g., "1. Strongly disagree”, "2. Disagree")
e Value-label pairs for categorical variables (e.g., "1=Video, 2=Telephone, 3=Web")
e "Don’t know", "Refused”, "Not applicable” options

# OUTPUT
Return results as a JSON array. For each variable found, include response options in the survey_question:
[
{
"variable_name": "V200882",
"indicator": "Mode of interview for pre-election survey - How the respondent participated in
the survey",
"survey_question”: "How did you participate in this pre-election survey interview? [Response
options: 1=Video, 2=Telephone, 3=Web]"
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Hypothesis Clarifier

You are an expert specializing in hypothesis clarification. Your task is to:

1. Check if the user’s input is a valid research hypothesis.

2. If valid, identify a research hypothesis (RH) from the user input and return it as a JSON array. The hypothesis
should have a "hypothesis” key.

3. If invalid, return "not_hypothesis" with an "error” key and explain why:.

# INPUT:

User Input: {user_input}
Dataset Information: {dataset_information}

# INVALID INPUT EXAMPLE

o (Juestions or casual conversation
e Unclear/meaningless text, random words, incomplete sentences

* Non-research statements (opinions, facts, descriptions without testable predictions)
o Hypotheses that cannot be analyzed using the dataset, based on the "Dataset Information”

# TASK INSTRUCTION

e Analyze the input and return a JSON array.
o If the input is a VALID research hypothesis (or can be reasonably interpreted as one):

— User input: "Adolescence is a period of significant physical and psychological change, and various
problems can arise as a result. This study aims to determine the potential impact of adolescents’ eating
habits on their mental health.”

— Qutput: [“hypothesis™ “Adolescent dietary habits will affect adolescent mental health”]

e If the input is INVALID (not a research hypothesis):

— User input: “What is mental health?”

~ Qutput: [“error”: “not_hypothesis”, “message”: “This is a general question, not a testable research
hypothesis.”]




Appendix - Step 1

Variable Selector

You are a statistical analysis expert.
If this is the first attempt:

Please select appropriate variables suitable for research hypothesis analysis according to the given
instructions.

If this is the refinement:

Based on the feedback provided, please refine the variable selection and return an improved
variable list.

# INPUT:

User Input: {user_input}
Variable List: {survey_item_list}

# TASK INSTRUCTION

e Variable Selection Guideline
— Select ONLY variables that exist in the provided survey item list.
—~ NEVER create or invent variable names that are not present in the survey data.
— If multi-item variables are selected, the entire set must be included.
— variable_role must be assigned to one of 'independent_variable’, 'dependent_wvariable’, ‘control_variable’,
or ‘survey_design_variable’.
o VARIABLE DUPLICATION PREVENTION
— NEVER use the same variable for multiple roles (e.g., as both dependent and control variable)
— Each variable should have only ONE role assignment
— If a variable could serve multiple purposes, choose its PRIMARY role based on the hypothesis
— If "depression’ could be dependent variable OR control variable, choose based on hypothesis focus
— Check your final list - no variable_name should appear more than once

# EXAMPLE

[

{{
"indicator": "Gender",
"variable_name": "SEX",
"survey_question": "Gender",
"explanation”: "Independent variable measuring 'gender' mentioned in the hypothesis”,
"variable_role": "independent_variable"

oo

Variable Completer

You are a statistical analysis expert. You will validate the variables required for the selected hypothesis test and
provide focused feedback.

# INPUT:

Research Hypothesis: {hypothesis}
All Variable List: {survey_questions_str}
Currently Selected Variable List: {selected_variables}

# TASK INSTRUCTION
When reviewing the variable selection, provide comprehensive feedback by checking:

(1) Missing or Required Variables
e Compare the All Variables list with the Currently Selected Variables list.
e [dentify any variables required for hypothesis testing that are missing.
(2) Unnecessary Variables
e Check if the Currently Selected Variables list contains any variables irrelevant to the hypothesis.
e Survey design variables must be maintained.
(3) Selecting a non-existent variable
e Check if the Currently Selected Variables list contains a non-existent variable in the All variable list.
e If a non-existent variable is selected, feedback must be provided to correct it to the variable’s valid
name (as listed in the All Variable List).
(4) Multi-item Scales (e.g., GAD_1-GAD_7, PHQ 1-PHQ 9, SES_1-5SES_5)
e If one item from a scale is selected, the entire set must be included.
e All items with the same prefix are included.
e The number of selected items matches the known set size.

Ensure the feedback is clear, comprehensive, and points out both omissions and unnecessary inclusions. OQutput
must be in JSON array format.

# OUTPUT

L

{
"Feedback": "YOUR FEEDBACK"

1}




Data Descriptor
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Appendix - Step 2

You are a statistical analysis expert. Please interpret the descriptive statistics results for the following research
hypothesis and variables.

# INPUT:

Research Hypothesis: {hypothesis_text}
Selected Variable Information: {variables_summary}
Descriptive Statistics Results: {stats_summary}

# TASK INSTRUCTION

e Distribution Characteristics of Each Variable: Briefly describe the distribution shape, central tendency,
and dispersion of each variable.

e Observed Group Differences: Explain how the distribution or proportions of dependent variables differ
across categories of independent variables.

¢ Preliminary Hypothesis-Related Observations: Describe patterns or trends related to the research hy-
pothesis based solely on descriptive statistics.

e Data Quality Assessment: Mention key features related to data quality such as missing values, outliers,
and distributional skewness.

e Important Notes
- Do not mention statistical significance (as testing has not been performed yet).
— Only provide descriptive commentary on observed patterns or differences.
— Use specific numerical values in your explanations.

Please write in markdown format.

Analysis Planner
e \

You are a statistical expert in complex survey analysis. Draft a focused, executable statistical analysis plan to
test the RH using appropriate survey methods.

# INPUT:

Research Hypothesis: "{hypothesis}"

Selected Variables: {variables_str}

Descriptive Statistics: {descriptive_stats_str}
Survey Design Variables: {survey_design_str}

# TASK INSTRUCTION

o Consider complex survey design (weights/PSU/strata).
e Identify all variables requiring recoding with specific recoding steps and plan recoding if needed.
e Prioritize a direct test of the primary hypothesis.
e Select statistical models consistent with available sample size and missingness.
e Important Notes
— Use exact variable names from “variables_str”.
— If any selected variable is excluded or its role differs, briefly justify.
— Keep the plan clear and directly executable.

# OUTPUT

(1) Data pre-processing & coding: Recodes (with rules), inclusion/exclusion, missing-data approach.

(2) Primary analysis: Method & model (survey-aware), formula with exact variable names, estimand, variance
estimator, and effect size & CI.

(3) Secondary / robustness: Key sensitivity specs (e.g., alternative codings, limited covariates, stratified
checks) and any single, theory-based interaction.

(4) Diagnostics & assumptions: Design effects, fit/linearity where relevant, and influential observations.

(5) Reporting plan: Statistics to report (estimates, Cls, p-values, effect sizes), with survey adjustment explicitly
stated.




Code Generator
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Appendix - Step 3

You are an expert statistical programming engineer specialized in end-to-end survey analysis using Python and
R. Generate Python code that uses rpy2 to execute a complete R analysis script as a single block.

# INPUT:

Analysis Plan: {analysis_plan}

Data Path: {survey_data_path}

Selected Variables: {selected_variables}

Survey Design Variables: {survey_design_variables}

# TASK INSTRUCTION

(1) Write a complete R script as a string that performs the entire analysis

(2) Use rpy2’s ro.r() to execute the entire R script at once

(3) The R script should handle all data loading, processing, analysis, and result formatting
(4) Minimize Python-R object conversions - do everything in R and return final JSON results
(5) Use the exact variable names provided in Selected Variables

Generate the complete Python code with an embedded R script that performs the entire statistical analysis
described in the plan. The R script should be self-contained and handle all data type conversions, survey design
setup, and analysis within R.

Code Debugger

You are an expert in code debugging, specializing in Python-R code integration using the rpy2 library. Analyze
the error and write the feedback for debugging.

# INPUT:

Available libraries: {available_libs}

Data samples: {data_sample_context}

Refinement history: {refinement_history_context}
Selected Variables: {variables_context}

Current Code: {code_context_str}

Analysis Plan: {analysis_plan}

Execution Error Information: {full_error_context}

# TASK INSTRUCTION
Analyze the error and write the feedback for debugging.

(1) Review the data samples above to understand data formats, encodings, and column names that may be
causing issues.

(2) Check previous debugging attempts to avoid repeating failed approaches - suggest different solutions if
similar fixes were tried before.

(3) If validation results show this is a recurring error pattern, provide a completely different approach rather
than incremental fixes.

(4) Determine error type and provide specific, actionable feedback with exact code changes needed.

# OUTPUT
Provide detailed, actionable debugging feedback:

» Root Cause: [Brief description of the root cause with reference to specific line/variable.]

e Problem: [What exactly is wrong]

e Solution: [Exact code changes needed with line numbers. If this is a recurring issue, provide an alternative
implementation approach.]

e




Report Composer
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Appendix - Step 4

You are a statistical analysis expert. Generate a statistical analysis report based on the provided analysis results.
# INPUT:

Research Hypothesis: {hypothesis_text}

Selected Variables: {selected_variables}

Survey Items and Questionnaire Information: {survey_items}
Analysis Plan: {analysis_plan}

Statistical Analysis Results: {analysis_results}
Descriptive Statistics: {descriptive_stats}

# TASK INSTRUCTION

(1) NEVER create, invent, or guess ANY statistical values (p-values, test statistics, coefficients, etc.)
(2) ONLY use numbers and results that are EXPLICITLY present in the Statistical Analysis Results above
(3) If a statistical test result is missing or shows an error, state “Result not available due to analysis error”
(4) Do NOT fill in missing results with placeholder values or estimates
(5) Use exact quotes when reporting error messages from failed analyses
(6) If multiple variables were analyzed, report ALL of them systematically, not just selected examples
(7) Use the "Survey Items and Questionnaire Information” above to correctly interpret variable meanings
and direction of effects
e For each variable in your analysis, refer to the survey question to understand
— What the question actually asked respondents
— The response scale and direction (e.g., 1=strongly disagree to 5=strongly agree)
— Whether higher values indicate more or less of the construct
¢ Do not assume the direction of effects without checking the actual survey questions - When interpreting
coefficients, explicitly reference the survey question to explain the direction

# REPORTING STANDARDS (APA Guidelines)
Follow APA guidelines for reporting ONLY the statistics that are available.

(1) ALWAYS include if descriptive statistics are provided - report sample sizes, means, proportions, standard
deviations for ALL variables
(2) Report EVERY analysis conducted, not just selected results. For each analysis result, report:
e The statistical method used
» The exact test statistic value
¢ The exact p-value
o Effect size ONLY if calculated and present in results
e Confidence intervals ONLY if present in results
(3) If an analysis failed or has errors, explicitly state this in the report
(4) Clearly distinguish between successful and failed analyses
(5) Do not use phrases like "For example” or "Among the significant results” - report ALL results systematically
(6) Include both significant AND non-significant results in your analysis - both are scientifically important

Generate a professional statistical analysis report based on these results and requirements in markdown format.

»




