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Abstract. Conceptual models are central to information systems analysis 
and design. One of the main constructs in information modelling is the 
concept of relationship which is popularized by the entity-relationship 
model. Despite the prominence of relationship concept in information 
modelling for the last two decades, little or no empirical research has been 
conducted to understand its usage by users. Several recent studies found that 
the relationship concept is problematic in information modelling, 
particularly the degree and connectivity (i.e., structural constraints) of the 
relationship. In our research, we investigate the importance of relationship 
concept for information modelling through a series of psychological 
experiments. This paper will present one of the studies that was conducted 
to investigate the use of relationship concept by expert users. 

1 Introduction 

Conceptual models can be considered as the cornerstone of information systems 
analysis and design. Not only do conceptual models provide the abstraction required 
for thinking about data-intensive applications [30], they also provide a formal basis 
for tools and techniques used in developing and using information systems [25]. In 
addition, conceptual models facilitate the communication between designers and end 
users [24] by providing them with a conceptual representation of the enterprise that 
does not include many of the details of how the data is physically stored. 

One of the most popular and prominent conceptual models is the entity-relationship 
(ER) model introduced by Chen [8]. The ER model differs from the earlier models in 
that it adopts the view that the real world consists of entities and relationships, and 
that it makes a dear distinction between them. Brodie [5] states that "the popularity 
of the ER model for high level database design is due to its economy of concepts and 
the widespread belief in entities and relationships as natural modelling concepts." 
Chen [8] claims that the incorporation of relationships among entities makes the ER 
model easier to use than previously proposed models. The results of several empirical 
studies [1, 2, 7, 10, 18, 19, 27] generally indicate that ER model, compared to earlier 
models, is easier to understand by end users and that designers and end-users perform 
better when using the ER model. 

During the last few years, the object-oriented (00)  approach has become increasingly 
important and popular; and it undoubtedly will be (if it is not already) the new 
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paradigm in information modelling. Kim [211 defines the core OO modelling 
concepts as consisting of object, object identifier, attributes, methods, encapsulation, 
message passing, class, class hierarchy, and inheritance. One of the main distinctions 
between OO and ER models, as noted by some researchers [11, 17], is that the 
abstraction of association (represented by relationship in ER models) is not directly 
supported in OO models but is instead achieved indirectly by allowing interobject 
references. Graham [17] indicates that "(one) problem (with O0 models) is the 
difficulty of modelling relationship types in an object-oriented database." Elmasri and 
Navathe [11] conclude that "this is an inherent weakness of the O0 approach and is 
due to the fact that this approach treats each object as a self-contained unit of 
information." Kim [21] also mentions that "the core (00)  model, though powerful, 
simply does not capture some of the semantic.integrity constraints and semantic 
relationships that are important to many types of application." 

Even though the relationship concept is downplayed or ignored by some of the earlier 
OO models, it has resurfaced in some of the recently proposed OO models [4, 6, 13, 
17, 20, 23, 26] -- sometimes under different names such as link or association. The 
reason is nicely summarized by Booch [4] -- "an object by itself is intensely 
uninteresting. Objects contribute to the behavior of a system by collaborating with 
one another." Similarly, Embley et al. [13] state that "objects... are often 
meaningless unless we understand some relationship among them." This leads to 
their proposal of object-relationship model. The OO models by Champeaux et al. [6] 
and Rumbaugh et al. [26] even include the notion of object relationships which is 
almost identical to the one proposed by Chen [8]. Martin and Odell [22] also 
introduce the concept of object-relationship diagram. 

The revival of relationship concept in information modelling is important. A good 
conceptual model should allow one to build a description of the subject matter that is 
consistent to the way humans conceptualize the same subject matter [24]. If 
relationship is one of the main concepts that humans use to view the world, then the 
notion of relationship should exist in a conceptual model. 

1.1 Problems with Relationships 

Although the relationship concept has been utilized heavily in information modelling, 
it is also one of the most problematic concepts. Goldstein and Storey [16] found that 
users of an automated database design tool had difficulty distinguishing between 
relationships and attributes. Elmasri and Navathe [11] mention that "it is sometimes 
convenient to think of a relationship type in terms of attributes." Similarly, Codd [9] 
states that "one person's entity is another person's relationship." A recent empirical 
study by Batra et al. [2], which compares the relational and ER representations, 
discovered that "the most notable error found in the solutions prepared by the subjects 
was the incorrect representation of connectivity of relationships." 

The main reason for this unfortunate state is the lack of understanding on the use of 
relationship concept by users. Although many researchers have accepted, or once 
accepted, that relationship is natural in modelling the real world [8, 11, 29], this belief 
is based mainly on common sense and intuition rather than systematic and empirical 
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evaluation. However, our common sense can be false and radically misleading at 
times. As researchers, we need to approach the problem scientifically and provide, at 
least, an explanation of why certain concepts are important or why not. Common 
sense can never serve as a substitute for empirical research [15]. Our research, 
therefore, will attempt to fill this gap by empirically investigating the usage of 
relationship concept through a series of psychological experiments. This paper 
presents one of the studies that was conducted to understand the use of relationship 
concept by expert users. 

2 Mandatory versus Optional Relationship 

A structural constraint (sometimes known as cardinality constrain0 can be considered 
as a constraint on the number of objects that must participate in a mapping. The 
structural constraint is usually specified using a pair of integer numbers (min, max). 
The minimum number indicates the least number of objects to which a given object 
must map. The maximum number indicates the greatest number of objects to which a 
given object must map. This gives rise to two types of relationship -- optional and 
mandatory. 

For example, consider the following two diagrams. The first diagram indicates that a 
person entity can work for zero, one, or many employers. The second diagram, on the 
other hand, depicts that an employee must work for at least one employer. 

I (~ [Person[ I Employer [ 
Optional Relationship between Person and Employer 

[ Employee [ (1'*) ~ Employer [ 

Mandatory Relationship between Employee and Employer 

The optional relationship, thus, corresponds to the structural constraint (0, *), which 
indicates that there may be zero, one or many interactions. The mandatory 
relationship, on the other hand, corresponds to the structural constraints (x, *), x >= 
1, which indicates that there must be at least one interaction. 

2.1  Importance of Distinction Between Mandatory and O p t i o n a l  
Relat ionship 

The proper use of mandatory and optional relationships in information modelling is 
important as it ensures that the semantics of the domain is correctly captured. 
Although the distinction between mandatory and optional relationships is rather 
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straight-forward and clear-cut, it is not difficult to discover that mandatory relationship 
is actually a "subset" of optional relationship. Rather than specifying a relationship 
as (I, *) (i.e., a mandatory relationship), the designers or users could easily specify it 
as (0, *). Though the second specification is "not wrong", it is not "correct" either. 
By changing the minimum participation from 1 to 0 (i.e., mandatory to optional), the 
underlying semantics of the relationship is changed. For example, by changing the 
minimum cardinality from 1 to 0 in the second diagram (as shown below), we have 
changed the meaning of the relationship. In this ease, the structural constraint 
indicates that an employee need not work for any employer which is literally incorrect 
because a person is not an employee unless s/he works for an employer, Thus, there 
is a contradiction between the structural constraint and the underlying semantics in the 
diagram. 

I Employee I ( 0,* ) 
, I Empl~ I 

Optional Relationship between Employee and Employer 

The incorrect use of structural constraint also directly affects the accuracy and integrity 
of the database. A mandatory relationship indicates that the existence of an entity 
depends on its being related to another entity via the relationship type. The use of an 
optional relationship when a mandatory relationship is warranted will result in an 
inconsistent database state. For example, the use of optional instead of mandatory 
relationship between employee and employer may produce employee records in the 
database that do not relate to any employer record. In short, if we want to capture the 
concept that "every employee instance must be related to an employer instance," we 
have to specify a mandatory relationship and not an optional relationship. 

However, one wonders whether users really pay attention to the difference between 
mandatory and optional relationships ? For example, on what basis does users decide 
whether it is a mandatory or an optional relationship? How would their decision 
change when they are faced with an information model for an unfamiliar domain ? 

These issues are addressed in this research using a laboratory experiment. To 
investigate whether users pay attention to the difference between mandatory and 
optional relationships, we asked the subjects to select the appropriate structural 
constraints (i.e., mandatory or optional) for a set of ER diagrams. To analyze how 
they will react when given models from unfamiliar domains, we provided them with 
two types of diagrams -- one type from familiar domains and the other from unfamiliar 
domains. Their selection of structural constraints for these two types of domains will 
also provide us some cues on their selection procedures. 

We chose laboratory experiment in this study because of its superiority in controlling 
extraneous variables [3]. Another important factor is the ability to manipulate the 
independent variable [14]. Although field study will provide us with a more realistic 
background, it is very difficult, if not impossible, for us to manipulate the 
independent variable in this experiment using field study. The following section 
discusses the experimental design. 
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3 Experiment Design 

3.1 I n d e p e n d e n t  Var iab les  

The independent variable for this study is domain characteristics which consists of two 
levels -- familiar group and unfamiliar group. The familiar group consists of 
questions that are taken from common real-life examples that are well-understood by 
the subjects in our study -- such as university course selection and enrollment. For 
unfamiliar group, we used very specific concepts from areas such as neurocognition 
and psychophysics, which are alien to this group of subjects. With these unfamiliar 
cases, the subjects have to guess the structural constraints for the ER diagrams. For 
example, the first diagram below is from a familiar domain whereas the second is from 
an unfamiliar domain. 

Familiar Domain 

Unfamil iar Domain 

All the subjects are presented with the same set of questions from both familiar and 
unfamiliar domains. This repeated measure design is chosen so that each subject can 
act as his/her own control. The entire set of questions (i.e., familiar and unfamiliar 
groups) is randomly ordered in each questionnaire. In other words, every questionnaire 
is unique in order. This ensures that order effect is controlled by randomization. All 
the diagrams are presented without structural constraints. 

The specific context of the diagrams are not given to the subjects because we wanted 
to analyze how the subjects will response with incomplete information. This is 
consistent with real-world scenarios as designers typically do not have a very detailed 
understanding of the application environment. Most of the time, designers rely on 
common sense and experience to help them construct and understand information 
models. Giving the subjects full knowledge of the contexts would also defeat the 
purpose of the study as the subjects would rely on the case descriptions rather than the 
information models to decide on the answers. Moreover, diagrams with unfamiliar 
domains would have become familiar with detailed descriptions. 
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3 .2  Dependent Variables 

The dependent variables in this study are the choice of interpretation (i.e., mandatory 
or optional relationship), and the confidence level of the interpretation. The choice of 
interpretation is a multiple-choice question. Subjects are presented with a choice of 
Must or May to describe the relationship. Must corresponds to mandatory 
relationship whereas May corresponds to optional relationship. We decided to use 
Must and May instead of (I, *) and (0,*) because the former is more intuitive and 
understandable. This ease of understanding is important because we intend to replicate 
this study using naive subjects. 

To counter order bias, half of the questions present Must as the first choice and the 
other half list May as the first choice. This is to control for order effect in case the 
subjects simply circle the first choice for each question. The confidence o f  
interpretation has values ranging from 1 to 7 (1 -- No confidence, 7 -- Absolute 
confidence). 

In addition to these two dependent variables, we also captured the subject's perceived 
familiarity with the domain depicted by the ER diagram for each question. This serves 
as a manipulation check to ensure that the questions in familiar group are indeed 
familiar and questions in unfamiliar group are truly unfamiliar to the subjects. This 
domain familiarity variable has values ranging from 1 to 7 (1 -- Not familiar at all, 7 
-- Very familiar). An example of the questionnaire format is shown in Appendix A. 

3 .3  Characteristics of Subjects 

The subjects inthis  study are experts in the area of information modelling. In this 
paper, we will define experts as users who have substantial training and experience in 
data modelling. This group of subjects consists of MIS graduate students and 
professors from a well-known west coast university in North America. The 
experiment was conducted at the beginning of one of the weekly MIS workshops. 

A demographic information sheet was completed by each subject prior to the 
experiment. A total of 24 subjects participated in this experiment. The subjects' 
expertise with the entity-relationship model and some of its concepts were also 
captured in the demographic information sheet and summarized in the table below. 
The expertise is measured using a scale of 1 to 5 (1 -- Totally unfamiliar, 5 -- Very 
familiar). 

Variable Mean 
ER Model 

Entity 
Relat ionship 

Std. Dev. 
4.17 0.92 
4.33 0.70 
4.21 0.72 

Cardinality 3.67 1.31 

As can be seen from the table, the subjects were comfortable with the ER model and 
its constructs (the average is 4 on a 5-point scale). Cardinality, as expected, has the 
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lowest score and is the only one with a mean score of less than 4. This is consistent 
with the findings in other studies (e.g., the study by Batra et al. [2] which found that 
cardinality is one of the most difficult concepts to master). 

3.4  Test Characteristics 

Test characteristics refer to the method employed for data collection. A paper and 
pencil test was used in this study. For the choice of structural constraint, two choices 
were provided to the subjects -- Must or May (i.e., mandatory or optional). An open- 
ended interpretation test was not chosen because of the difficulties involved in 
interpreting the subjects' answers. A total of 12 questions consisting of 6 familiar and 
6 unfamiliar domains were given to each subject. An instruction set that explains the 
basic modelling concepts in ER model (e.g., entity, relationship, structural 
constraints) and gives examples of different structural constraints was attached to the 
front of the questionnaire. No training or discussion was provided as the instruction 
set was designed to be self-contained and self-explanatory. Extra care was taken to 
ensure that the instruction set was not biased. The subjects could refer to the 
instruction set as and when necessary. 

3.5  Hypotheses 

The null hypotheses for the study is listed below. 

Hypothesis H1: There is no difference in the choice of interpretation between 
familiar and unfamiliar groups. 

Hypothesis H2: There is no difference in the confidence of interpretation 
between familiar and unfamiliar groups. 

The alternative hypotheses to the null hypotheses are that the two groups will be 
different. A two-tailed test is used since we do not have strong theoretical prediction 
about the outcomes. 

4 E x p e r i m e n t a l  Resu l t s  

The number of subjects for each group and the number of observations are summarized 
below. The number of observations for the unfamiliar group is less than 144 (i.e., 24 
subjects X 6 questions) because some unfamiliar questions were left blank by the 
subjects. 

Groups [[ No. of No. of Questions No. of 
II Subjects Per Subject Observations 

Familiar [[ 24 6 144 
Unfamiliar [I 24 6 131 
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The first hypothesis regarding the choice of structural constraints for the two groups is 
analyzed using the nonparametricx 2 test. The results showx 2 (1,275) = 0.018 with 
p < 0.893. Thus, the null hypothesis is not rejected which means that there is no 
significant difference between the choices for the two groups. The following table 
summarizes the result of X 2 test. 

Frequency [Must Choice May Cho ice ]  Total  

Familiar Group 15 129 144  
Unfamil iar  Group 13 118 131 

Tota l  2 8 247  2 75 
Table of Group By Choice of Interpretation 

As can be seen, the number of May is overwhelmingly greater than the number of 
Must for both groups, There is almost no difference between the two groups in the 
choice of structural constraints. Indeed, the percentage difference between the two 
groups is less than 1% for both choices, as shown in the diagram below. 

; '4 

80, 

20, 

Must  May  

The hypothesis regarding confidence level between the two groups is analyzed using 
General Linear Models. The results show that the confidence level of the familiar 
group is significantly higher than that of the unfamiliar group (p < 0.0001). 
Similarly, the perceived domain familiarity level for familiar group is significantly 
higher than that of the unfamiliar group (p < 0.0001). 

Measure  II D F I S S I MS I F I Pr > F 
Co,,,,d,n<o ,.o.e, t  4690 4 , 06 t 0000, 

D ~ l n ~ v  II 1 I 750.75 750.75 34.0.00 0.0001 
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The means and standard deviations for the confidence level and perceived domain 
familiarity are depicted below. The average confidence level for the familiar group is 
almost twice that of unfamiliar group. As for domain familiarity, the score for 
familiar group is more than twice the score for unfamiliar group. This is important as 
it shows that the subjects perceived a great difference between the familiar and 
unfamiliar groups. In other words, the results of perceived domain familiarity show 
that the manipulation of familiarity and unfamiliarity domains has been very 
successful. 

Familiar Group 
Unfamiliar Group 

Confidence Level Domain Familiarity 
Mean (Std. Dev.) Mean (Std. Dev.) 

4.86 (2.10) 5.68 (1.49) 
2.53 (1.88) 2.26 (1.71) 

Perceived ]i:i:i:i:i:!:i:!:i:i:i:i:!:i:!~ U n f ami l i a r  
. ._'.:...+..'..._'._'._'._'.+'....... ~i~ittjiiiF~i+t+. +....+ m+ ~f~+Hie, i~it+' ~ ~++m" -~nimi.+...+i~ 

+, l i l t  m +  ̀mm +" +m+++++ +t+m +i++"+i+ m, . ' ~ ,,,lP.ilrip ~ '  ' - ,m,m+'+. Familiarity l++++,++++++,+mm++++++mm++@+++,,+ ,+ ++m+++++ m++] Familiar 

[ii!iiiiiiiiiiiiiiiiiiiii!iiiiiiii[ Unfamiliar Confidence . . . .  ... . . . . . . . . .  .'" ,,+~,m,,,,+ .. . .  + +,+ 
Level l+m~m+m,u~l~+~!+++~,+~m,1,~,!m+m,~++m|~i,+6,] Familiar 

I I li I I 
�9 , I I , , 

0 I 2 3 4 ,.q 6 

5 Discussion of Experimental Results 

The aim of this experimental study is to investigate how the mandatory and optional 
relationships will be used by experts. The results show an overwhelming number of 
May versus Must, even for unfamiliar group. The popularity of May over Must is 
evident in all the questions (as shown below). 

We believe the main reason for the popularity of May is that these subjects realize 
that May can be considered a 'supersct' (as discussed in section 2.1). The use of Must 
precludes May whereas the reverse is not necessarily true. The choice of Must means 
that a relationship must exist between the two entities. However, May does not mean 
that the relationship does not exist. It simply means that the relationship can either 
exist or not exist. Hence, when faced with uncertainty, it is highly likely that the 
subjects simply chose the optional relationship --just to be on the safe side. 
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Familiar Group 
No. of Must No. of May Confidence Level 

Choices Choices Mean (Std. Dev.) 
Q1 
Q2 
Q3 
Q4 
Q5 

1 23 4.71 (1.97) 
2 22 4.29 (2.26) 
6 18 5.00 (2.15) 
2 22 4.25 (1.94) 
4 20 5.42 (2.02) 

on 0 24 5.50  2.15 I 
Unfamiliar Group 

Q7 1 21 3.14 (1.91) 
Q8 4 18 2.05 (1.68) 
Q9 4 18 2.55 (1.99) 

Q10 o 22 1.71 (1.44) 
Q 11 4 18 3.45 (2.22) 
Q 12 0 21 2.10 (1.55) 

So, what is the significance of this finding? We can assume that this group of expert 
subjects has the same characteristics as system analysts. In fact, some of the subjects 
were system analysts, project managers, or consultants before joining the university. 
As such, the tendency of the subjects in this study to go for optional relationship is 
expected to hold true for system analysts as well. End users, on the other hand, are 
not familiar with the intricacy of the relationship concept. It is likely, therefore, that 
they will spend more effort and time deciding whether to use mandatory or optional 
relationship. This concern of the novice users could explain the problems and 
difficulties face by novice users on relationship as reported in several studies [2, 16]. 
On the other hand, the experts resolve the uncertainty by simply using optional 
relationships. This difference in attitude might be a potential communication problem 
or conflict between end users and designers. 

Another observation is that the highest confidence level (i.e., 3.45 for Q l l )  in 
unfamiliar group is still lower than the lowest confidence level in familiar group (i.e., 
4.25 for Q4). It appears that the perceived familiarity of the domain gives the subjects 
higher confidence in their results. One question that is of particular interest is Qll .  
For this particular question, the entities are Floor and Button, and the relationship 
connecting them is Associates. This is the only question in the unfamiliar group that 
uses common words such as Floor and Button, though the subjects might not know 
the domain is lift operation. The rest of the questions in that group uses terminology 
from neurocognition and psychophysics that are unfamiliar to the subjects. Although 
this question (i.e., Q11) has a substantially lower confidence level than those 
questions in the familiar group, it has the highest confidence level (3.45) in its group. 
It thus appears that the use of common words also has a positive effect on the 
confidence of the subjects. 
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Conc lus ion  and  Future  Research 

The aim of this research is to perform an in-depth analysis of the relationship concept 
through a series of experiments. This paper deseribes one of the studies conducted to 
investigate the use of mandatory and optional relationships by expert users. The 
results of the study indicate a predominant use of optional over mandatory 
relationships by experts subjects, even for domains that are totally unfamiliar to them. 
This indicates that expert users generally go for optional relationships when faced with 
uncertainty (irrespective of familiar or unfamiliar domain). The results also show that 
familiar domains cause subjects to feel more confident (more accurately -- 
overconfiden0 in their answers. 

Another of our studies extends this study by deliberately creating a conflict between 
the information depicted by the structural constraints and the underlying semantics. 
The aim of the study is to investigate whether the subjects will focus on the structural 
constraints or the underlying semantics of the ER diagrams. The results show that 
expert subjects exhibit semantic negligence and attentional bias. In other words, 
expert subjects tend to focus on the information represented by the structural 
constraints and ignore the underlying semantics depicted by the ER diagrams [28]. 

Our subsequent studies will investigate the difference between experts and novices on 
the use of relationship concept. This will allow us to gain a better understanding of 
the communication problem between end users and designers. As for the contribution, 
this research is likely to be the first that rigorously analyze a modelling construct 
using psychological experiments. Thus, this research promises to make significant 
contribution to information systems modelling. In addition, the methodology and 
technique used in this research can serve as a framework for future research endeavor in 
this area. 
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A p p e n d i x  A 

I Employee ,I ~ I~o ~eut I 

Circle one of the following two options that more correctly reflects 
the participation of the Employee entity type in the A s s i g n s  
relationship type: 

1. must assign 

2. may assign 

What is the confidence level of your above choice? 

1 2 3 4 5 6 7 
No confidence Absolute confidence 

What is your familiarity with the domain depicted in the diagram? 

1 2 3 4 5 6 7 
Not familiar at all Very familiar 


