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Résumé 
La visualisation 3D de données cadastrales a été exploitée dans de nombreuses études, car elle offre de 

nouvelles possibilités d’examiner des situations de supervision verticale des propriétés. Les chercheurs actifs 

dans ce domaine estiment que la visualisation 3D pourrait fournir aux utilisateurs une compréhension plus 

intuitive d’une situation où des propriétés se superposent, ainsi qu’une plus grande capacité et avec moins 

d’ambiguïté de montrer des problèmes potentiels de chevauchement des unités de propriété. Cependant, la 

visualisation 3D est une approche qui apporte de nombreux défis par rapport à la visualisation 2D. Les 

précédentes recherches effectuées en cadastre 3D, et qui utilisent la visualisation 3D, ont très peu enquêté 

l’impact du choix des variables visuelles (ex. couleur, style) sur la prise de décision.  

Dans l’optique d'améliorer la visualisation 3D de données cadastres, cette thèse de doctorat examine 

l’adéquation du choix des variables visuelles et des techniques de rehaussement associées afin de produire un 

modèle de condominium 3D optimal, et ce, en fonction de certaines tâches spécifiques de visualisation. Les 

tâches visées sont celles dédiées à la compréhension dans l’espace 3D des limites de propriété du 

condominium. En ce sens, ce sont principalement des tâches notariales qui ont été ciblées. De plus, cette thèse 

va mettre en lumière les différences de l’impact des variables visuelles entre une visualisation 2D et 3D. 

Cette thèse identifie dans un premier temps un cadre théorique pour l'interprétation des variables visuelles dans 

le contexte d’une visualisation 3D et de données cadastrales au regard d’une revue de littéraire. Dans un 

deuxième temps, des expérimentations ont été réalisées afin de mettre à l’épreuve la performance des variables 

visuelles (ex. couleur, valeur, texture) et des techniques de rehaussement (transparence, annotation, 

déplacement). Trois approches distinctes ont été utilisées : 1) discussion directe avec des personnes œuvrant 

en géomatique, 2) entrevue face à face avec des notaires et 3) questionnaire en ligne avec des groupes ciblés. 

L’utilisabilité mesurée en termes d’efficacité, d’efficience et de degré de satisfaction a servi aux comparaisons 

des expérimentations.   

Les principaux résultats de cette recherche sont : 1) Une liste de tâches visuelles notariales utiles à la 

délimitation des unités de propriété dans le contexte de la visualisation 3D de condominium ; 2) Des 

recommandations quant à l'adéquation de huit variables visuelles et de trois techniques de rehaussement afin 

d’optimiser la réalisation d’un certain nombre de tâches notariales ; 3) Une analyse comparative de la 

performance de ces variables entre une visualisation 2D et 3D. 
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Abstract 
3D visualization is being widely used in GIS (geographic information system) and CAD (computer-aided design) 

applications. It has also been introduced in cadastre studies to better communicate overlaps to the viewer, where 

the property units vertically stretch over or cover one part of the land parcel. Researchers believe that 3D 

visualization could provide viewers with a more intuitive perception, and it has the capability to demonstrate 

overlapping property units in condominiums unambiguously. However, 3D visualization has many challenges 

compared with 2D visualization. Many cadastre researchers adopted 3D visualization without thoroughly 

investigating the potential users, the visual tasks for decision-making, and the appropriateness of their 

representation design. Neither designers nor users may be aware of the risk of producing an inadequate 3D 

visualization, especially in an era when 3D visualization is relatively novel in the cadastre domain. 

With a general aim to improve the 3D visualization of cadastre data, this dissertation addresses the design of 

the 3D cadastre model from a graphics semiotics viewpoint including visual variables and enhancement 

techniques. The research questions are, firstly, what is the suitability of the visual variables and enhancement 

techniques in the 3D cadastre model to support the intended users' decision-making goal of delimitating 

condominium property units, and secondly, what are the perceptual properties of visual variables in 3D 

visualization compared with 2D visualization? 

This dissertation firstly identifies the theoretical framework for the interpretation of visual variables in 3D 

visualization as well as cadastre-related knowledge with literature review. Then, we carry out a preliminary 

evaluation of the feasibility of visual variables and enhancement techniques in a form of an expert-group review. 

With the result of the preliminary evaluation, this research then performs the hypothetico-deductive scientific 

approach to establishing a list of hypotheses to be validated by empirical tests regarding the suitability of visual 

variables and enhancement techniques in a cartographic representation of property units in condominiums for 

3D visualization. The evaluation is based on the usability specification, which contains three measurements:  

effectiveness, efficiency, and preference. Several empirical tests are conducted with cadastral users in the forms 

of face-to-face interviews and online questionnaires, followed by statistical analysis. Size, shape, brightness, 

saturation, hue, orientation, texture, and transparency are the most discussed and used visual variables in 

existing cartographic research and implementations; thus, these eight visual variables have been involved in the 

tests. Their perceptual properties exhibited in the empirical test with concrete 3D models in this work are 

compared with those in a 2D visualization, which is derived from a literature-based synthesis. Three 

enhancement techniques, including labeling, 3D explosion, and highlighting, are tested as well. 

There are three main outcomes of this work. First, we established a list of visual tasks adapted to notaries for 

delimiting property units in the context of 3D visualization of condominium cadastres. Second, we describe the 
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suitability of eight visual variables (Size, Shape, Brightness, Saturation, Hue, Orientation, Texture, and 

Transparency) of the property units and three enhancement techniques (labeling, 3D explosion and highlighting) 

in the context of 3D visualisation of condominium property units, based on the usability specification for 

delimitating visual tasks. For example, brightness only shows good performance in helping users distinguish 

private and common parts in the context of 3D visualization of property units in condominiums. As well, color 

hue and saturation are effective and preferable. The third outcome is a statement of the perceptual properties’ 

differences of visual variables between 3D visualization and 2D visualization. For example, according to Bertin 

(1983)’s definition, orientation is associative and selective in 2D, yet it does not perform in a 3D visualization. In 

addition, 3D visualization affects the performance of brightness, making it marginally dissociative and selective. 
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Chapter 2 - 3D Visualization: Concepts, Theories, 
and Challenges 
Several concepts of visualization, like usability and visual variables, were briefly discussed in Chapter 1 but must 

be precisely defined to enable the following discussion of this research. This is of particular importance for this 

work as there are diverse models and theories such as pipeline model (Haber & McNabb, 1990), semiotics of 

graphics (Bertin, 1973, 1983), and data state model (Chi, 2000). A wide spectrum of disciplines including 

cartography, information visualization, human-computer interaction, computer graphics, and cognitive science 

contains visualization studies. We do not pretend to present an extensive analysis of all current visualization 

theories, but only those applicable to this research, which is a special application of geo-visualization in 3D 

geospatial domain. This chapter only presents application independent knowledge, and the next chapter will go 

further into the application dependent knowledge of cadastre and of condominium property units. 

2.1 Introduction to the general theory of visualization 
Visualization is a process that expresses data through the interface of images, diagrams, and animations to 

allow user’s discovery, exploration, and visual analysis in order to acquiring insight of the data for particular 

purpose (Jones, 1996; Mcnamara, 2010; Tory & Möller, 2004). It has been used long in human history containing 

a huge amount of forms from characters and paintings to diagrams and scientific drawings. There is extensive 

research to explore the potential of visualization in a quite wide variety of topics like visual arts, computer 

graphics, information visualization, science visualization, cartography, and geo-visualization. There is no 

“correct” model for visualization. The visualization theory is always in accordance with the epistemological view 

of different disciplines and is designed for divergent purposes. Various models of visualization have been 

proposed by different researchers and groups to facilitate research in various domains under diverse topics, for 

example, semiotics of graphics (Bertin, 1983) for information visualization, Gestalt (Koffka, 1935) for perceptual 

science, and three-dimensional cartography model (Terribilini, 1999) for 3D geo-visualization. Voigt and 

Polowinski (2011) divided visualization research into seven different subfields including data, domain, graphical 

vocabulary, graphic representation, task and interaction, user, and system. They argued that many visualization 

theories only address a small subset of these fields. For example Tory and Möller (2004)’s user model in 

visualization discussed only the visual task and viewer’s interaction, and Chi (2000) proposed an influential data-

state reference model centered on the data part. Here, this chapter defines the visualization theory that involves 

data, graphic, and viewer together to be a general theory. There are many general visualization theories. For 

example, in the domain of information visualization, Pfitzner, Hobbs, and Powers (2003) presented an 

information visualization taxonomy that includes data, task, interaction, user’s skill and operation context. Voigt 

and Polowinski (2011) proposed an ontology for the entire visualization process. In the domain of cartography, 
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Chapter 3 - 3D Visualization of Condominium 
Property Units: Data, Users, Usages, and 3D 
Cadastre Model Designs 
To complete the literature review done in the previous chapter, the cadastre domain should be examined to  

answer what are cadastre data, the potential users and usages, and current 3D cadastre visualization design. 

First, this chapter reviews the cadastre and its data involved in the visualization of condominium situation. Then, 

it discusses in the specific context of 3D visualization, the potential cadastre users and their usage to delimitating 

property units of condominiums. Finally, in order to expose the challenges and the suitability of visual variables 

and enhancement techniques in current practices, this chapter reviews the existing application of 3D 

visualization of 3D cadastre systems in seven countries.  

3.1 Introduction to cadastre 
Cadastre plays a significant role in modern society, as it registers immovable properties and provides necessary 

information for land administration, tax calculation, real estate transaction, and mortgage (Stoter, 2004). 

Generally speaking, the term "cadastre" refers to the information system that registers the immovable properties, 

its subjects, and rights. For example, international federation of surveyors (FIG, 1995) defines:  

 "Cadastre is normally a parcel based, and up-to-date land information system containing a record 
of interests in land (e.g. rights, restrictions and responsibilities). It usually includes a geometric 
description of land parcels linked to other records describing the nature of the interests, the 
ownership or control of those interests, and often the value of the parcel and its improvements. It 
may be established for fiscal purposes (e.g. valuation and equitable taxation), legal purposes 
(conveyance), to assist in the management of land and land use (e.g. for planning and other 
administrative purposes), and enables sustainable development and environmental protection."  

However, since the legislation and organization situation varies among different countries, the exact meaning of 

cadastre may vary from one country to another. The Netherlands cadastre and Land Registry Agency, which is 

termed "Kadaster", contains a land registration and a cadastre registration (Stoter, 2004). In “Kadaster”, the land 

registration records all notarial deeds chronologically, and the cadastral registration documents the parcel 

boundaries and legal status, administrative data, and mortgage information. In Quebec, the immovable 

property's transaction are registered in land registration infrastructure maintained by the Ministère des 

Ressources Naturelles; while the term cadastre mainly refers to cadastre plan or a graphic representation of lots 

(MRNF, 2003; Pouliot, Roy, Fouquet-asselin, & Desgroseilliers, 2011). The term “lot” corresponds to an 

immovable property unit, for example, a land parcel, and an apartment unit. Quebec cadastre plan also includes 

lot number, geometric boundaries (points and lines), and official measurements (like length, height).  
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Appendix 4 List of the tested 3D models in the 
online questionnaire  
Model #1: Simple legal boundary=100% (alpha), simple physical boundary=100%; legal & physical 

boundary=100% 

 

Model #2: Simple legal boundary=13% (alpha), simple physical boundary=36%; legal & physical 

boundary=100% 
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Model #3: Simple legal boundary=36% (alpha), simple physical boundary=13%; legal & physical 

boundary=100% 

 

Model #4: Simple legal boundary=13% (alpha), simple physical boundary=33%; legal & physical boundary=85% 
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Model #5: Simple legal boundary=60% (alpha), simple physical boundary=20%; legal & physical 

boundary=100% 

 

Model #6: Simple legal boundary=20% (alpha), simple physical boundary=60%; legal & physical 

boundary=100% 
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Appendix 5 Analysis of Correctness Data in the 
Online Questionnaire 
model: logistic mixed model 
Software: R, package lme4, package multcomp 
Program: 
library(lme4) 
glmmres=glmer(Correctness ~ Belongs + Sol +Question2+Question3 + (1 | Ses
sionID), family=binomial(link="logit"), data=df.cad.lg) 
summary(glmmres) 
 
library(multcomp) 
comp.glmmres=glht(glmmres,linfct=mcp(Sol="Dunnett")) 
summary(comp.glmmres) 
 
contrAB="StrategyAB - Y vs N" = c(1/3, -1/2, 1/3, -1/2, 1/3) 
contrCD="StrategyCD - Y vs N" = c(-1/4, -1/4, 1, -1/4, -1/4) 
 
comp.glmmresAB=glht(glmmres, linfct = mcp(Sol = contrAB)) 
summary(comp.glmmresAB) 
 
comp.glmmresCD=glht(glmmres, linfct = mcp(Sol = contrCD)) 
summary(comp.glmmresCD) 
Result: 
Generalized linear mixed model fit by maximum likelihood (Laplace Approxi
mation) ['glmerMod'] 
 Family: binomial  ( logit ) 
Formula: Correctness ~ Belongs + Sol + Question2 + Question3 + (1 | Sessi
onID) 
   Data: df.cad.lg 
 
     AIC      BIC   logLik deviance df.resid  
   471.0    507.1   -226.5    453.0      400  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.7302 -0.6509  0.2961  0.5872  2.6519  
 
Random effects: 
 Groups    Name        Variance Std.Dev. 
 SessionID (Intercept) 2.344    1.531    
Number of obs: 409, groups:  SessionID, 41 
 
Fixed effects: 
            Estimate Std. Error z value Pr(>|z|) 
(Intercept)  0.57112    0.78229   0.730    0.465 
BelongsY     0.38289    0.24447   1.566    0.117 
Sol3         0.39500    0.39065   1.011    0.312 
Sol4        -0.22486    0.37944  -0.593    0.553 
Sol5        -0.03521    0.38333  -0.092    0.927 
Sol6         0.07670    0.38338   0.200    0.841 
Question2   -0.25095    0.44318  -0.566    0.571 
Question3    0.54605    0.37874   1.442    0.149 
 
Correlation of Fixed Effects: 
          (Intr) BlngsY Sol3   Sol4   Sol5   Sol6   Qustn2 
BelongsY  -0.145                                           
Sol3      -0.238  0.010                                    
Sol4      -0.247 -0.006  0.491                             
Sol5      -0.246 -0.007  0.487  0.502                      
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Sol6      -0.243  0.002  0.488  0.502  0.497               
Question2 -0.761 -0.006 -0.003  0.002  0.002 -0.001        
Question3 -0.337  0.011  0.008 -0.005  0.002  0.002 -0.107 
 
 
 
 
Multiple Comparisons of Means: User-defined Contrasts 
 
 
Fit: glmer(formula = Correctness ~ Belongs + Sol + Question2 + Question3 
+  
    (1 | SessionID), data = df.cad.lg, family = binomial(link = "logit")) 
 
Linear Hypotheses: 
       Estimate Std. Error z value Pr(>|z|) 
1 == 0  -0.2293     0.2502  -0.916    0.359 
(Adjusted p values reported -- single-step method) 
 
  Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: User-defined Contrasts 
 
 
Fit: glmer(formula = Correctness ~ Belongs + Sol + Question2 + Question3 
+  
    (1 | SessionID), data = df.cad.lg, family = binomial(link = "logit")) 
 
Linear Hypotheses: 
       Estimate Std. Error z value Pr(>|z|) 
1 == 0  -0.3340     0.2998  -1.114    0.265 
(Adjusted p values reported -- single-step method) 
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Appendix 6 Analysis of Certitude Data in the Online 
Questionnaire 
model: generalized logit link mixed model 
Software: SAS, Proc GLIMMIX 
Program: 
proc glimmix data=myData method=laplace; 
 
class Certitude SessionID Belongs Sol Question2 Question3 ; 
 
model Certitude=Belongs Sol Question2 Question3/dist=multinominal link=gl
ogit solution; 
 
random intercept/subject=SessionID group=Certitude; 
 
contrast 'StrategyAB - Y vs N' Sol 0.3333 -0.5 0.3333 -0.5 0.3333 / e sin
gular=0.001;  
contrast 'StrategyAB - Y vs N' Sol 0.3333 -0.5 0.3333 -0.5 0.3333 / e byc
at singular=0.001  
 
contrast 'StrategyCD - Y vs N' Sol 0.25 0.25 -1 0.25 0.25 / e singular=0.
001;  
contrast 'StrategyCD - Y vs N' Sol 0.25 0.25 -1 0.25 0.25 / e bycat singu
lar=0.001  
run; 
Result: 

Type III Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

Belongs 2 317 0.44 0.6445 

Sol 8 317 5.52 <.0001 

Question2 4 317 1.38 0.2414 

Question3 4 317 4.01 0.0035 
 
 

Solutions for Fixed Effects 
Effect Certitude Belongs Sol Question2 Question3 Estimate Standard Error DF t Value Pr > |t| 
Intercept 0         -16.4324 130.50 72 -0.13 0.9001 
Intercept 1         -2.5971 1.0441 72 -2.49 0.0152 
Belongs 0 N       0.4201 0.5043 317 0.83 0.4055 
Belongs 1 N       0.1925 0.3259 317 0.59 0.5551 
Belongs 0 Y       0 . . . . 
Belongs 1 Y       0 . . . . 
Sol 0   2     -0.1535 0.9926 317 -0.15 0.8772 
Sol 1   2     -2.5642 0.5923 317 -4.33 <.0001 
Sol 0   3     1.3067 0.9312 317 1.40 0.1615 
Sol 1   3     -0.4422 0.4967 317 -0.89 0.3739 
Sol 0   4     1.6625 0.9605 317 1.73 0.0845 
Sol 1   4     1.1741 0.4942 317 2.38 0.0181 
Sol 0   5     1.4904 0.9117 317 1.63 0.1031 
Sol 1   5     -1.3376 0.5326 317 -2.51 0.0125 
Sol 0   6     0 . . . . 
Sol 1   6     0 . . . . 
Question2 0     0   -10.3820 194.78 317 -0.05 0.9575 
Question2 1     0   3.2145 1.5625 317 2.06 0.0405 
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Question2 0     1   0.9702 0.8866 317 1.09 0.2747 
Question2 1     1   0.8487 0.8862 317 0.96 0.3390 
Question2 0     2   0 . . . . 
Question2 1     2   0 . . . . 
Question3 0       0 13.3192 130.50 317 0.10 0.9188 
Question3 1       0 3.0910 1.1713 317 2.64 0.0087 
Question3 0       1 11.2213 130.50 317 0.09 0.9315 
Question3 1       1 0.06064 1.1210 317 0.05 0.9569 
Question3 0       2 0 . . . . 
Question3 1       2 0 . . . . 

 

Contrasts 

Label Certitude Num DF Den DF F Value Pr > F 

StrategyAB - Y vs N   2 317 2.70 0.0684 

StrategyAB - Y vs N 0 1 317 2.87 0.0910 

StrategyAB - Y vs N 1 1 317 1.55 0.2144 

StrategyCD - Y vs N   2 317 13.37 <.0001 

StrategyCD - Y vs N 0 1 317 2.34 0.1269 

StrategyCD - Y vs N 1 1 317 26.67 <.0001 
 

Estimates 

Label Certitude Estimate Standard Error DF t Value Pr > |t|

StrategyAB - Y vs N 0 -0.8956 0.5283 317 -1.70 0.0910

StrategyAB - Y vs N 1 0.4266 0.3429 317 1.24 0.2144

StrategyCD - Y vs N 0 1.0016 0.6544 317 1.53 0.1269

StrategyCD - Y vs N 1 2.2601 0.4376 317 5.16 <.0001
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Appendix 7 Analysis of Response Time in the 
Online Questionnaire 
model: linear mixed model 
Software: R, package nlme, package multcomp 
Program: 
library(nlme) 
lmeint=lme(RespTime.Log ~ Belongs + Sol+Question2+Question3, random = ~ 1
 | SessionID, data=df.cad.lg) 
summary(lmeint) 
anova(lmeint) 
 
library(multcomp) 
comp.lmeint=glht(lmeint,linfct=mcp(Sol="Dunnett")) 
summary(comp.lmeint) 
 
contrAB="StrategyAB - Y vs N" = c(1/3, -1/2, 1/3, -1/2, 1/3)  
comp.lmeintAB=glht(lmeint, linfct = mcp(Sol = contrAB)) 
summary(comp.lmeintAB) 
 
contrCD = c(-1/4, -1/4, 1, -1/4, -1/4)  
comp.lmeintCD=glht(lmeint, linfct = mcp(Sol = contrCD)) 
summary(comp.lmeintCD) 
 
contrABY="StrategyAB - Y" = c( 1/3, 0, 1/3, 0, 1/3) 
comp.lmeintABY=glht(lmeint, linfct = mcp(Sol = contrABY)) 
summary(comp.lmeintABY) 
 
contrABN="StrategyAB - N" = c(0, -1/2, 0, -1/2, 0) 
comp.lmeintABN=glht(lmeint, linfct = mcp(Sol = contrABN)) 
summary(comp.lmeintABN) 
 
Result (): 
 
Linear mixed-effects model fit by REML 
 Data: df.cad.lg  
       AIC      BIC    logLik 
  784.3816 824.3212 -382.1908 
 
Random effects: 
 Formula: ~1 | SessionID 
        (Intercept)  Residual 
StdDev:    0.369604 0.5529555 
 
Fixed effects: RespTime.Log ~ Belongs + Sol + Question2 + Question3  
                 Value  Std.Error  DF   t-value p-value 
(Intercept)  2.7838881 0.18232979 363 15.268422  0.0000 
BelongsY     0.0658636 0.05469066 363  1.204293  0.2293 
Sol3        -0.1250589 0.08635714 363 -1.448160  0.1484 
Sol4         0.0155668 0.08635714 363  0.180261  0.8570 
Sol5        -0.1639923 0.08664779 363 -1.892632  0.0592 
Sol6        -0.1094249 0.08635714 363 -1.267121  0.2059 
Question2    0.0196169 0.10280370  38  0.190819  0.8497 
Question3   -0.0132403 0.08835500  38 -0.149853  0.8817 
 Correlation:  
          (Intr) BlngsY Sol3   Sol4   Sol5   Sol6   Qustn2 
BelongsY  -0.149                                           
Sol3      -0.237  0.000                                    
Sol4      -0.237  0.000  0.500                             
Sol5      -0.238 -0.004  0.498  0.498                      
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Sol6      -0.237  0.000  0.500  0.500  0.498               
Question2 -0.759 -0.001  0.000  0.000  0.001  0.000        
Question3 -0.366 -0.002  0.000  0.000  0.003  0.000 -0.089 
 
Standardized Within-Group Residuals: 
        Min          Q1         Med          Q3         Max  
-3.03051781 -0.67547563 -0.08258593  0.53533891  3.60328909  
 
Number of Observations: 409 
Number of Groups: 41  
 
Anova(lmeint) 
            numDF denDF   F-value p-value 
(Intercept)     1   363 1862.3133  <.0001 
Belongs         1   363    1.4298  0.2326 
Sol             4   363    1.6978  0.1499 
Question2       1    38    0.0318  0.8595 
Question3       1    38    0.0225  0.8817 
Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: User-defined Contrasts 
 
 
Fit: lme.formula(fixed = RespTime.Log ~ Belongs + Sol + Question2 +  
    Question3, data = df.cad.lg, random = ~1 | SessionID) 
 
Linear Hypotheses: 
       Estimate Std. Error z value Pr(>|z|)   
1 == 0  0.11324    0.05586   2.027   0.0426 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
(Adjusted p values reported -- single-step method) 
 
Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: User-defined Contrasts 
 
 
Fit: lme.formula(fixed = RespTime.Log ~ Belongs + Sol + Question2 +  
    Question3, data = df.cad.lg, random = ~1 | SessionID) 
 
Linear Hypotheses: 
       Estimate Std. Error z value Pr(>|z|)   
1 == 0  0.11519    0.06829   1.687   0.0917 . 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
(Adjusted p values reported -- single-step method) 
 
Simultaneous Tests for General Linear Hypotheses 
 
Multiple Comparisons of Means: User-defined Contrasts 
 
 
Fit: lme.formula(fixed = RespTime.Log ~ Belongs + Sol + Question2 +  
    Question3, data = df.cad.lg, random = ~1 | SessionID) 
 
Linear Hypotheses: 
       Estimate Std. Error z value Pr(>|z|) 
1 == 0 -0.03129    0.04986  -0.627     0.53 
(Adjusted p values reported -- single-step method) 
 
Simultaneous Tests for General Linear Hypotheses 
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Multiple Comparisons of Means: User-defined Contrasts 
 
 
Fit: lme.formula(fixed = RespTime.Log ~ Belongs + Sol + Question2 +  
    Question3, data = df.cad.lg, random = ~1 | SessionID) 
 
Linear Hypotheses: 
       Estimate Std. Error z value Pr(>|z|)   
1 == 0  0.14453    0.07487    1.93   0.0536 . 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
(Adjusted p values reported -- single-step method) 
 

 
 


