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Abstract

Entity Relationship (ER) modeling (1976) is a popular approach to formulate a conceptual data model for
designing properly structured databases. In spite of some criticisms of the model leading to numerous ex-
tensions added to the original ER modd, it is generaly believed to be amethod of choice for designing
common databases. Not surprisingly, ER Modeling isinextricably a part of al database-design classes.
Teachers of this modeling construct often encounter students experiencing problemsin synthesizing ER
models from verbal or written descriptions. This study explores whether individua differences contribute to
such difficulties. Gender, length of Information Technology (1T) experience, length of database experience,
length of business experience, national origin and learning styles are hypothesized as the individual differ-
ences that might contribute to a student’ s ability to synthesize a conceptual ER moddl. Ability to synthesize
ER models was evaluated using a textbook type ER modeling problem.

Keywords: ER Modeling, Conceptual Modeling, Learning Styles; Teaching Techniques, Individual
Characteristics.

Background
Students learning to synthesize conceptua data models from written and verbal descriptions are sometimes
puzzled by the fact that they can develop alternative ER models to represent the same Situation. Thereis an
element of subjectivity in interpretting the of user requirements that lead to conceptual data models. St
dents of this data modeling technique are also expected to make appropriate assumptions to synthesize
models to represent a business context. Research involving ER modeling has traditionally focused on cer-
tain ER modeling principles and notations (e.g. Bodart et. d., 2001). The question of why some are able to

synthesize ER models from verba and written descriptions fairly easily as others find it inherently difficult,
has not been addressed. This study explores individua differences in synthesizing ER models.

Connolly and Begg (2002) assert that to gain an understanding of the nature of the data and how it is
used by the enterprise, we need to have a model for communication that is nornttechnical and free of am-
biguities. A perspective to the contrary is offered by Kimball (1997) who claims that ER modeling is
not a beneficia technique especialy for data warehouses. He argues that ER modeling is a discipline
used to represent associations among data. He argues that ER model is focused on removing redundancy
in data. Hence, designers loose sight of an important goal of data modeling—to create databases that can
be queried efficiently. This study, without taking a position on whether ER modeling as an appropriate
technique for designing all databases, recognizes
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An Exploration Of Individual Differences

Theoretical Foundations

Although different investigators have differed dightly in the labels and meaning of persondity factors, in
general, research finds five mgjor dimensions of personality that provide distinctive behavioral clusters.
These include Extroversion, Likeability, Conscientiousness, Emotiona Stability, and Intellectua Curios
ity/Crestivity (Loehlin, 1992). “Considerable confusion appears in the literature concerning the terms cog-
nitive styleand learning style. Numerous authors use the terms interchangeably. Garity (1985) notes that
learning style has been used as a description for the cognitive process of thinking, perceiving, and remem-
bering. McFadden (1986) states that most definitions of learning style as well as cognitive style, illustrate
variations in individual information processing and that no single definition for learning style or cognitive
style has been identified (Heineman, 1995).” However, Felder and Silverman’s (1988) model of teaching
and learning styles is an important contribution in the area of engineering education. Their index of learn-
ing stylesis widely used and has been trandated into many languages. Felder made two recent changes to
the original modd and it currently includes the following dimensions: sensory-intuitive, visual-verbal, ac-
tive-reflective, and sequentia- globd.

Learning Styles: Felder (1993) identifies four dichotomous dimensions of learning style. They are sens-
ing/intuitive, visual/verbal, active/reflective, and sequential/global. Felder’s model of learning style is
summarized in Table 1:

Goal of M easurement

First Dimension

Second Dimension

Type of information preferentially
perceived

Sensory: sights, sounds, physical
sensations

I ntuitive: memories, ideas and
insghts

Modality of perception of sensory
information

Visua: pictures, diagrams,
graphs, demonstration

Verba: sounds, written and spo-
kenwords.

Preference in processing informe-
tion

Actively: through engagement in
physical activity or discussion

Reflectively: through introspec-
tion

Progress towards understanding

Sequentialy: inalogica progres-
sion of small incremental steps

Globdly: in large jJumps, holisti-
caly

Tablel: Modd of Learning Styles: Adapted from Felder (1993)

Felder’s Learning Styles (2002) includes a preface that explains the changes made to the model since 1988
and the rationale for such changes. As aresult of its popularity and widespread usein aclosely dlied field,
it was decided to use Felder’s Learning Styles index in this study.

Participant’s prior exposure to the IT work environment may also positively influence the learning outcome
of training to formulate ER models. Prior Exposure to the IT environment within an organization, direct
exposure to database technologies or genera exposure to real world business problem contexts as identified
by business work experience in generd may favorably influence a participant’s ability to develop ER mod-
els. Another demographic factor included this study is “gender.” Research finds that the only consistent dif-
ference in mental abilities between men and women is in spatial abilities (Jacklin, 1989). However, girls
continue to be concentrated among jobs historically held by women and more oriented toward working with
people (Beutd & Marini, 1995). Since ER modding is alogical, deductive and anaytical processit is gp-
propriate to include gender as an independent factor in our study. Thus, gender, experience of the partici-
pant in any area of 1T, and learning styles are used as independent variables that influence the participants
ability to synthesize a correct ER model from a written description of a problem context. (See Figure 1.)
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LEARNING STYLE
SensonyIntuitive
Visualfverbal
Active/Reflective
SequentlaliGlobal

CONCEPTUAL MODELING
PERFORMANCE
LEVEL1 PROBLEM
LEVEL2 PROBLEM

EMOGRAPHIC FACTORS
Gender
Years IT Experience
Years Database Experience
Years Other Experience
International Student?

Figure 1. A Modd of Individual Factors, L earning Style and Conceptual M odeling Performance

Experimental Design
Participants in the study were students enrolled in aMaster’s Level Database Class at the Northern
Kentucky University, KY, USA. There were 37 students enrolled in the fall semester of 2002. The
experiment was conducted as part of instruction during two regular class meetings. The problems
themselves were not graded for the course but only as atool to provide feedback on their learning of ER
modeling concepts and their ability to draw ER diagrams based on a problem context. The students were
preparing for future tests based on this experience. This provided enough motivation for al participants to
take the experiment serioudy. There were two problems selected from Connolly and Begg: one at an
elementary level and the other at an advanced level. The two problems selected for the experiment are
reported in Appendix. A.

It is beneficial for students to first understand the purpose and benefits of a high-level conceptual data
mode such asthe ER mode to design a database. Before introducing the concepts associated with the ER
modd, it is helpful for students to see a possible end product of ER modeling. Hence the participants were
first shown an Enterprise Model and the instructor emphasized that the diagram seen isthe end product. In
the real world, developing an ER mode is often a process where participants work in groups. Working in
groups exposes the participants to problems associated with differing interpretation of user requirements.
However, the students in this study were not alowed to work in groups as the goa of the current research is
to study the individua differences. In addition, the problems used in this study are not as complex asred
world models involving numerous entities and relationships. After the instruction phase, had one week to
study the concepts from the textbook (Connolly and Begg, 2002) and work through two exercises presented
at the end of the relevant chapter. Next week, students were given an elementary level problem and then a
more advanced problem (Appendix A) in aregular class meeting. All par ticipants solved the problem in the
same room at the sametime. A scoring rubric was used where each entity identification was given 2 points
and each cardinality specification was given one point. This resulted in atotal raw score of 22 points for the
Level 1 problem and 28 points for the Level 2 problem.

After the experiment was over students were given the ILS questionnaire (Appendix B) and were asked to
give aprint out of the web version of their results. This was collated with demographic variables and
scoring rubric to create the data set for statistical analyses.

Analysis
There were 14 female students and 22 males students who participated in the study. Sixteen of the thirty-

six students were international students. Eighteen of the thirty-six students had no prior database
experience. Others had one or more years of database experience. Twelve students had no Information
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Technology experience. Ten participants had no prior work experience. All statistical analyses were
conducted using SPSS version 11.5. At this stage of data collection, due to arelatively a small size,
simple Chi-square tests to study the association between various individual factors and ER Modeling
performance was preferred to other robust procedures that would provide greater insight into the
relationships. Also, the scoring on the dependent variable was categorized using the SPSS procedure to
provide two distinct categories to study the association of demographic factors. Table 2 presents the
results of this analysis. The continuous scale ER Modeling scores was retained to compare means for

different learning style dimensions.

H; : Database experience and ability to Synthesize ER models are related

H.: IS experience and ability to Synthesize ER models are related

Hs: Generd business experience and ability to Synthesize ER models are related.
H,: Participant’ s national origin and ability to Synthesize ER models are related.
Hs: Gender and ability to Synthesize ER models are related.

Factor Studied Level 1 Problem Leve 2 Problem
N | Chi-Square | Significance | N | Chi-Square | Significance
Database Experience 35 0.696 0.404 34 11.691 .001*
IS Experience 35 0.801 0.371 34 0.002 .968
Other Experience 35 0.218 0.640 34 0.537 464
International Student 35 1.621 0.203 34 3.316 .069*
Gender 35 0.551 0.458 36 0.808 .369

Table 2: Results of Tests of Association of Demogr aphic Factors

Hypotheses H; is supported at 0.05 significance level while H, is supported at .1 significance leve for
Level 2 problem which was a an increased level of complexity. Independent Sample T-testswere
performed by dividing the experimental group based on the four dimensions of learning style. The results
arereported in Table 3.

Hs: Mean scoresin ER Synthesizing is different for active and reflective learners.
H7: Mean scoresin ER Synthesizing is different for sensing and intuitive learners
Hs: Mean scores in ER Synthesizing is different for visua and verba learners.

Ho: Mean scorein ER Synthesizing is different for sequential and global learners.
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L earning Style Dimension Level 1 Problem Level 2 Problem
t-value Significance | t-value Significance
ACT-REF 0.663 0.516 1.86 .080*
SEN-INT 2517 0.022** 0.787 442
VIS-VER Not Anayzed Not Anayzed
SEQ-GLO -0..316 0.757 0.816 428

Table 3: Results of Comparison of Meansfor Different Learning Style Dimensions

Hypotheses Hg was supported for level 2 problems while H is supported for Level 1 problems. There was
insufficient data to test whether ER Synthesizing means are different for visual and verbal learners as only
one participant scored on verbal end of the spectrum.

Discussion and Conclusion

Although a sample size of 30 is enough to assume normal distribution of ER synthesizing scores, any
interpretation of the support of these hypotheses should bear in mind the relatively small samplesize. In
addition, the finding suggests that in general, as the problem complexity increasesindividua differences
may become more of afactor. Hence, our discussion focuses mainly on interpreting the results for the
Leve 2 problem.

Prior exposure to the database environment was found to have significant association with the participant’s
ability to synthesize ER moddls. Intuitively prior exposure to a database context is likely to enhance
participant’s understanding of the experimenta problem. Exposure to the database context may have
sengitized the participants to take the problems solving task more serioudly than others and hence they may
have attempted the solution with greater rigor. The difference in scores due to national origin should not be
interpreted as their inherent ability or lack thereof to synthesize ER models. Since the experimental
problem was atextual description relating to a geographical context, difference in the ability to understand
the context might have contributed to a difference in scores. Findly, active learners scored better than
reflective learners in the experimental problem. The mean score for active learners was 22.27 while that of
reflective learners was 20.75 in the Level 2 problem. Active learners learn by actively engaging in the
process of learning through discussing or applying a concept. Reflective learners learn by just thinking
about acontext. This finding supports that ER modeling is likely a concept learnt by actively studying it
rather than just thinking about it.

Thisfinding on learning style a so suggests that the trainers may need to tailor their training style to suit to
different types of learners. As an example, atraining method that uses group exercises may facilitate
learning by certain types of users. Also reflective learners may benefit by exposure many example
problems. Although this study did not vary the training methods, incorporating aternative training
approaches will be a useful future extension of this study. Also additional data collection is necessary to
use more robust statistical analyses. Effortsto increase the sample size are currently under way.
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Appendix A

Levell Problem
Both these problems are adapted from Connolly and Begg (2002).

Pets World Case Study
Represent each of the following requirements with an ER diagram.
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@ A company called Pets World runs a number of clinicsin the Greater Cincinnati area. Each
clinic has many staff assigned to it but only one member of staff manages at most one clinic
(not all staff manage clinics). Each clinic has a unique clinic number (clinicNo) and each
member of staff has a unique staff number (staffNo).

(b) When a pet owner contacts a clinic, the owner’s pet is registered with the clinic. An
owner can own one or more pets, but a pet can only register with one clinic. Each owner
has a unique owner number (ownerNo) and each pet has a unique pet number (petNo).

(© Combine aand b into one ER diagram to represent the entire firm.
Level 2 Problem

Reliable Rentals Case Study

The requirements collection and analysis phase of the database design process has provided the following
data requirements for a company called Reliable Rentals, a private rental company which rents out vehicles
(carsand vans). The Company has various outlets (garage/offices) throughout the Greater Cincinnati area.
Each outlet has a number, address, phone number, fax number, and a manager who supervises the operation
of the garage and offices at each Site.

Each siteis dlocated a stock of vehicles for rent, however, individua vehicles may be moved between out-
lets, as required. Only the current location for each vehicle is stored. The registration number uniquely iden-
tifies each vehicle for rent and is used when hiring a vehcle to a client.

Clients may rent vehicles for various periods of time (minimum 1 day to maximum 1 year). Each individua
rent agreement between a client and the Company is uniquely identified using a rent number. Information
stored on the vehicles for rent include: the vehicle registration number, model, make, engine size, capacity,
current mileage, date MOT due, daily rent rate, and the current location (outlet) of each vehicle.

The data stored on a rent agreement includes the rent number, the client’s rumber, name, address and phone
number, date the client started the rent period, date the client wishes to terminate the rent period, the vehicle
registration number, model and make, the mileage before and after the rent period. After each renta a
member of staff checks the vehicle and notes any fault(s). Fault report information on each vehicle is stored,
which records the name of the member of staff responsible for the check, date checked, whether fault(s)
where found (yes or no), the vehicle registration number, model, make and the current mileage.

The Company has two types of clients: persona and business. The data stored on persona clients includes
the client number, name (first and last name), home address, phone number, date of birth and driving li-
cense number. The data stored on business clients includes the client number, name of business, type of
business, address, and telephone and fax numbers. The client number uniquely identifies each client and the
information stored relatesto al clientswho have rented in the past and those currently hiring avehicle.

Information is stored on the staff based at various outlets including: staff number, name (first and last
name), home address, home phone number, date of birth (DOB), sex, Nationa Insurance Nurmber (NIN),
date joined the Company, job title and salary. Each staff member is associated with a single outlet but may

be moved to an alternative outlet as required, although only the current location for each member of gtaff is
stored.

Create a conceptual schema for Reliable Rentals using the concepts of the Enhanced Entity-Relationship
(EER) model. To smplify the diagram, only show entities, relationships and the primary key attributes.
Foecify the cardinality ratio and participation constraint of each relationship type. State any assumptions
you make when creating the EER model (if necessary).

245



An Exploration Of Individual Differences

Appendix B
Index Of Learning Styles
Barbara A. Soloman Richard M. Felder
First-Year College Department of Chemical Engineering
North Carolina State University North Carolina State University
Raleigh, North Carolina 27695 Raeigh, NC 276957905

Directions

Circle"a' or "b" to indicate your answer to every question. Please choose only one answer for each ques-
tion.

If both "a" and "b" seem to apply to you, choose the one that applies more frequently.

1. | understand something better after |
(a) try it out.
(b) think it through.

2. | would rather be considered
(a) redlistic.
(b) innovative.

3. When | think about what | did yesterday, | am most likely to get
(a) apicture.
(b) words.

4. |tendto
() understand details of a subject but may be fuzzy about its overall structure.
(b) understand the overall structure but may be fuzzy about details.

5. When | am learning something new, it helps meto
(a) talk about it.
(b) think about it.

6. If | wereateacher, | would rather teach acourse
(a) that dealswith facts and real life situations.
(b) that deals with ideas and theories.

7. | prefer to get new information in
(a) pictures, diagrams, graphs, or maps.
(b) written directions or verbal information.

8. Oncel understand
(a) al the parts, | understand the whole thing.
(b) thewholething, | see how the partsfit.

9. Inastudy group working on difficult material, | am more likely to
() jumpin and contribute idesas.
(b) sit back and listen.

10. I findit easier
(a) to learn facts.
(b) to learn concepts.

11 Inabook with lots of picturesand charts, | am likely to
(a) look over the pictures and charts carefully.
(b) focusonthewritten text.

12. When | solve math problems
(&) I usually work my way to the solutions one step at atime.
(b) I often just see the solutions but then have to struggle to figure out the stepsto get to them.
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14.

16.

17.

24

In classes | have taken

(a) | have usually gotten to know many of the students.
(b) I have rarely gotten to know many of the students.

In reading nonfiction, | prefer
(a) something that teaches me new facts or tells me how to do something.
(b) something that gives me new ideas to think about.

| like teachers
(a) who put alot of diagrams on the board.
(b) who spend alot of time explaining.

When I'm analyzing a story or anovel

(a) | think of the incidents and try to put them together to figure out the themes.
(b) I just know what the themes are when | finish reading and then | have to go back and find the incidents that demo n-

stratethem.

When | start a homework problem, | am more likely to
(a) start working on the solution immediately.
(b) try to fully understand the problem first.

| prefer theidea of
(a) certainty.
(b) theory.

| remember best
(@) what | see.
(b) what | hear.

It is more important to me that an instructor
(a) lay out the material in clear sequential steps.
(b) give me an overall picture and relate the material to other subjects.

| prefer to study
(a) in a study group.
(b) alone.

I am more likely to be considered
(a) careful about the details of my work.
(b) creative about how to do my work.

When | get directionsto anew place, | prefer
(a) amap.
(b) written instructions.

| learn
(a) at afairly regular pace. If | study hard, I'll "get it."
(b) infitsand starts. I'll be totally confused and then suddenly it all "clicks."

| would rather first
(a) try things out.
(b) think about how I'm going to do it.

When | am reading for enjoyment, | likewriters to
(a) clearly say what they mean.
(b) say thingsin creative, interesting ways.

When | seeadiagram or sketchin class, | am most likely to remember
(a) the picture.
(b) what the instructor said about it.

When considering a body of information, | am more likely to
(a) focus on details and missthe big picture.
(b) try to understand the big picture before getting into the details.

Raghavan
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2.

3L

37.

41

I more easily remember
(a) something | have done.
(b) something I have thought alot about.

When | have toperform atask, | prefer to
(a) master one way of doingit.
(b) come up with new ways of doing it.

When someoneis showing me data, | prefer
(a) charts or graphs.
(b) text summarizing the results.

When writing a paper, | am more likely to

(a) work on (think about or write) the beginning of the paper and progress forward.
(b) work on (think about or write) different parts of the paper and then order them.

When | haveto work on agroup project, | first want to
(a) have "group brainstorming" where everyone contributes ideas.
(b) brainstorm individually and then come together as a group to compare ideas.

| consider it higher praise to call someone
() sensible.
(b) imaginative.

When | meet people at aparty, | am more likely to remember
(a) what they looked like.
(b) what they said about themselves.

When | am learning anew subject, | prefer to

(a) stay focused on that subject, learning as much about it as| can.
(b) try to make connections between that subject and related subjects.

I am more likely to be considered
(a) outgoing.
(b) reserved.

| prefer courses that emphasize
(a) concrete material (facts, dat(a).
(b) abstract material (concepts, theories).

For entertainment, | would rather

(a) watch television.
(b) read abook.

Some teachers start their lectures with an outline of what they will cover. Such outlines are
(a) somewhat helpful to me.
(b) very helpful to me.

The idea of doing homework in groups, with one grade for the entire group,
(a) appealsto me.
(b) does not appeal to me.

When | am doing long calculations,

(a) | tend to repeat al my steps and check my work carefully.
(b) I find checking my work tiresome and have to force myself to do it.

| tend to picture places | have been

(a) easily and fairly accurately.

(b) with difficulty and without much detail.

When solving problemsin agroup, | would be more likely to

(&) think of the stepsin the solution process.
(b) think of possible consequences or applications of the solution in awide range of areas.



