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Executive Summary

Dietary assessment has changed dramatically with time, progressing from face-to-face
interviews and hand calculated nutrient intakes to the use of computer technology to
automate various parts of the process. The most common application is the use of
software packages to calculate nutrient intake data obtained from dietary interviews.
The development of technology to automate the interview process will allow for
clinicians to spend more time focussing on patient education and counselling. The
central hypothesis tested in this thesis was that automated dietary assessment would
prove to be a feasible adjunct to the professional consultation in the primary healthcare

setting.

Development phase

A series of studies were conducted examining various aspects of computer-assisted
survey technology (CAST) applied to dietary advice in the primary healthcare setting.
The research is presented as a case study, using action research methodology. Items in
the dietary survey were developed from data reduction of food lists reported in the 1995
Australian National Nutrition Survey (NNS95), in conjunction with professional
interpretation and judgement. The opinions and beliefs of patients from focus group
interviews shaped development of the user interface and a dynamic website was

developed to best allow for a diversity of eating patterns.

Testing phase

Video-recorded usability testing found the website to be user friendly with the time
taken to complete the survey comparable to the time taken for a dietitian to interview
and assess a patient’s food intake. The website was then implemented in the primary
healthcare setting over a period of twelve months. Computers were set-up in fourteen
medical practices in the Illawarra region of NSW, Australia. Doctors recruited patients
with metabolic syndrome to use the website. Data was sent to a dietitian in the research
team for development of an individualised dietary prescription, which was then sent

back to the doctor to discuss with the patient.
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Implementation phase

A cross-section of 200 patients revealed the majority of users were aged between 46 and
65 years, overweight and physically inactive. Computer ownership was identified in
80% of the users, with only 8% of patients having never used a computer previously.
The computer located in the medical practice was the least preferred location of use and
patients with a higher BMI were 1.9 times (p=0.04) more likely to use the computer in
the home or an alternate location than at the medical practice. Reported nutrient data
was highly variable. Under-reporting was observed in 46 patients (32.2%), over-
reporting in 31 (21.7%) of patients and 66 patients (46.2%) reported their intakes on
target. No relationships were found for the reporting status of the patients and their age,

BMI or gender.

A repeatability study with n=38 patients revealed a learning effect which led to
increased understanding of the website functions with time. Compared to a 3-day
weighed food record, data from the website produced stronger correlations than a face-
to-face diet history assessment. Patients using the website achieved an average 25% of
their dietary goals within six weeks, despite a preference for face-to-face contact with
the dietitian. Stakeholder evaluation established acceptance of the technology by
dietitians, doctors and patients and provided insights into their positions within the

healthcare system.

Evaluation phase

The research found that computerised assessment of dietary intake was a feasible
addition to daily practice in the primary healthcare setting. Automating the diet history
interview via the internet allowed increased patient access to dietitians whilst improving
the doctors’ awareness of the nutrition needs of their patients. This is especially

important in the growing light of metabolic syndrome worldwide.
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CHAPTER 1

Computer-Assisted Survey Technology (CAST)

development, implementation and evaluation

1.1 Introduction

This chapter provides an overview of the need to automate the dietary assessment
interview for the purpose of dietary assessment. Referred to as Computer-Assisted
Survey Technology (CAST) this chapter also offers an overview of the CAST case

study and its relation to the work of this thesis.

1.2 The process of dietary assessment

Assessment of the usual dietary intake is primarily based upon a diet history (DH)
interview. The interview is used to identify a spectrum of the foods usually eaten by an
individual. Time consuming to complete, the interviews are limited by the available
props and utensils (1) such as food models, and the ability of the professional, generally

a dietitian, to ask questions specific to the desired outcome (2).

Beginning with the first meal of the day, the dietitian asks the person which foods were
eaten, recording progressively as the person speaks freely (3). Following the natural
flow of conversion (2), the dietitian gains a ‘snapshot’ of what the person normally
consumes, as well as the food preference and food preparation practices. Questions
would then be asked to determine types of foods and recipes eaten, including the
amounts and frequencies of consumption (4). The reference time span of the interviews
generally covers a period of 28 days and takes approximately one hour to complete,

though they have been known to last for up to two hours (5).
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Following the interview, the dietitian is then faced with the task of entering each
individual food item into a dietary analysis package, or with calculating by hand the
amounts of nutrients and the percentage of energy provided by the foods eaten. It is
only then that dietary advice for the person may be formulated. Thus, the current dietary
assessment process is limited by the speed with which the DH interview is processed
and is based strongly on the ability of the dietitian. The assessment may also be

restricted by the knowledge and level of experience of the dietitian.

Due to the length of time taken by the assessment and nutrient analysis process,
decreased time may be spent educating and counselling patients towards change. By
automating the assessment process, dietitians would be able to spend increased amounts
of time developing individualised advice for their patients. Automated assessments,
however, require a different assessment approach to the more traditional forms.
Traditional assessment forms allow the interviewer or dietitian to further clarify or
prompt the individual, a feature not yet possible through computerised technologies.
Automated assessments require well designed user interfaces (UI) that guide the user
through the dietary assessment. Many automated programs therefore use a multiple pass
approach in which the user is guided through the assessment in segments. Upon
completion of each segment, further details are requested until a complete picture of
dietary intake is obtained. By utilising this form of assessment, dietitians would have

increased time to spend counselling them towards change.

1.3 The significance of automating healthcare

Despite early fears that technologies such as computers would interferer with doctor-
patient relationships (6), use of such technologies are now accepted in the health
professions. Many professions in the healthcare industry have used automation in their
day-to-day work practices for many years. Professions including psychology (7),
dentistry (8), radiology (9) and physiotherapy, are only a few examples. Computer
programs in dietetics are presently focussed on the analysis of food nutrients, or are
purely for nutrition education. Very few are used for assessment of dietary intake in the
healthcare context. Currently, existing dietary programs are also limited within the

Australian context for the increasing population of Australians with lifestyle diseases.
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The development of dietary assessment technology would allow for self-administered
assessments, thus assisting General Practitioners (GPs) with only limited time. The use
of a computer-assisted program for the assessment of dietary intake would also aid in
the time efficiency of the dietitian, and would allow for the assessment process to be
standardised. Computerisation has allowed for the dietary assessment process to be
completely automated, yet few programs exist which encompass the DH methodology
(10, 11) for the assessment of ‘usual’ dietary intake. Programs are generally based on

the nutrient analysis of a food list (12) or food record (FR).

The program would need to adequately assess the usual intake of a person’s diet with
equal or increased accuracy when compared with traditional dietary assessment
presently used in dietetics. Given the limited availability of these automated DH
programs, no comparisons have been made between traditional dietary assessment and
automated dietary assessment (13). Therefore the question of whether people perceive

the traditional DH to be equal to the automated DH is yet to be answered.
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1.4 A model of the CAST project

Case study in action research Research methods

Computerised interviewing

PHASE 1 STUDY 1 .
Professional judgement
Development Food hierarchy
Develop a relevant dist development Statistical analysis
histony protocol and interface design Wehsite interface design

PHASE 2 STUDY 2 “ideo recorded observation
Testlng Usability testing Questionnaire design

Conceptualise this as an
Intuitive nser interface

-

Diet histary

STUDY 3 ::: > :: ::: STUDY 4b Food recard
Cross sectional analysis PHASE 3 Walidity testing 3 3
Implementation Questionnaire design
STUDY da Assess the feasibiily of the STUDY dc Repeatability testing
Repeatability testing program in primary kesithcare Behaviour change Walidity testing
{} Comparative analysis

PHASE 4
Evaluation STUDY 5 Telephane interviewing
Exarmine the acceptabilty by Stakeholder evaluation | Questionnaire design
Hey stakieholders

Figure 1-1 Overview of the CAST case study

The theory of technological determinism addresses the social contexts in which
technology has become embedded, while social determinism sees technology as having
a linear relationship with society. Therefore the movement from paper and pens to
computer use does not change one single factor, but rather changes many factors (14).
Dietitians are able to move away from the traditional face-to-face DH interview that
leaves little time to spend educating and counselling the patient, and move towards an
approach in which use of the computer speeds the assessment and analysis process,

leaving more time for counselling and education towards change.

The case study of this thesis is based on the development of a computerised program to
essentially shorten the professional dietary consultation. The CAST program was
assessed in 14 different GP practices. The users of the computer program (patients)

were selected by their GP. The patients entered their dietary information into the
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programs ‘UI’ through a series of questions generated by the package. A dietitian then
received the electronic dietary data from the program and develop an individualised
dietary prescription using the program’s ‘dietitian’s interface’. This advice was sent in

duplicate to the patients’ corresponding GP (Fig. 1.2).
1. Recruiting patients with
Metabolic Syndrome

2. Discussing dietary prescription
with patients

_________________________________

1. Entering their information
into the website

2. Re-visiting their GP for
dietary prescription

Patient

Dietitian

1 1. Analysing website input :
1 2. Telephoning patients if i
i incomplete questionnaire !
1 3. Developing dietary i
| prescriptions !

Figure 1-2 Model of the CAST case study

The case study was broken into key phases of development, testing, implementation and
evaluation, upon which chapters within this thesis are based. The research began as a
Master’s research project during which the feasibility testing and user perspectives were
assessed. The remaining stages all related to the PhD research described in this thesis.
Five different studies, each addressing one research objective, are presented in the

following phases:

1.4.1 Development Phase

Study 1: Development of an interview schedule (food hierarchy) based upon the diet
history interview process, that was suited to self-administered dietary assessment,

catering for a broad range of food intake patterns.
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1.4.2 Testing Phase

Study 2: Test whether the program can be used by the target group and determine the

time taken for use of the program.

1.4.3 Implementation Phase

Study 3: Identify the types of program users and the influence of their self-reported
demographic data on the nutrient data created from the assessment.

Study 4: Validate the program and compare user preferences to a face-to-face diet
history interview. Determine whether reporting error and outcome measures for change

vary for traditional and automated dietary assessments.

1.4.4 Evaluation Phase

Study 5: Gain an understanding of the acceptance of the automated interview by its

users and healthcare providers.

1.4.5 Delimitations of scope and key assumptions

The program was piloted in the Illawarra region of NSW on a sample of adults with
metabolic syndrome,. This group was selected as they have conditions which may be
modifiable by dietary intervention. The primary assumptions of this thesis are that the
general population would be able to use this computer package in the future and that

GPs would assist in recruiting a representative sample of patients to the program.

1.5 Thesis outline

The cases study described in this thesis addresses both traditional and automated dietary
assessment methods, the development and testing of dietary software, and an evaluation
of the use of the automated dietary assessment program in the primary healthcare
setting. The model aims to encourage patients to self-assess their dietary intake using a
computer located in the local GP practice. This information feeds forward to dietitians
who formulate dietary prescriptions and send them back to the patients’ GP, allowing

the patient and doctor to discuss the dietary changes needed.
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1.5.1 Thesis structure

This thesis outlines the development, testing, implementation and evaluation of the
program and its impact upon those involved in the healthcare system to enable dietary
advice to be incorporated into the lives of those needing it within society. This chapter
has so far provided an overview of the context of the project outlining its importance in
today’s clinical practice. It has briefly addressed the importance of technology in the
healthcare field and the current status of the dietetic profession. A literature review
described in Chapter 2 outlines in further detail, both the process of dietary assessment
and the incorporation of computers into dietetics that began in the 1970s. An assessment
of existing software packages is addressed, as well as the acceptance of computers, use
of computers and attitude toward technology. Chapter 2 also explores metabolic

syndrome, the clinical condition of reference in this thesis.

Chapter 3 introduces the methodology employed throughout the CAST case study.
Including both qualitative and quantitative methods, this chapter provides an overview
of each of the study methods used and the theory to which this thesis relates. Under the
umbrella of action research, the theory of social methodology, dietary methodology and
epidemiology, components of the research are explored. Beginning from statistical
origins, the step-by-step process of UI development is described in Chapter 4. Utilising
cluster analysis, association rules and bias calculations, the project began with the
Australian Bureau of Statistics NNS95 data and formed a dietary assessment website
after focus group discussion sessions, face validity testing and numerous
multidisciplinary meetings. The dietetic professional judgement used in parallel with the
statistical analysis and interface design is also detailed in this chapter. The usability
testing of the website detailed in Chapter 5 saw a range of subjects testing the website
under laboratory conditions. Utilising video observation, the study found that the
website was highly user friendly and the automated interview was comparable in length

to a traditional assessment.

Chapter 6 outlines the recruitment patterns of all GPs participating in the study. It also
gives a cross-sectional profile of the patients recruited by the GPs to use the dietary

assessment website, as well as the reporting status of their self-reported dietary intake
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data. It provides the reader with an overview of the completion rates of the program
during its 12 month implementation phase, and shows that the computer in the GP
practice was not the most preferred method of access. Chapter 7 validates the dietary
data obtained from the website. Using a 3-day FR and repeat use of the website within
the primary healthcare setting, a comparison of the traditional and automated
assessment methods for dietary analysis were also investigated using the same
participant group. Repeatability of the data and user preference between the two
assessment forms is addressed, and behaviour change as a result of the dietary advice
was observed. The evaluation phase of the program is described in Chapter 8. It
addresses an impact evaluation with key stakeholders in order to illustrate the
perspectives of persons who would primarily be using the program. These stakeholder
groups include the ‘recruiting’ and ‘non-recruiting” GPs. All the case study’s findings
and their relevance to practice are the focus of Chapter 9, the concluding chapter. This

chapter links practice with theory to detail its impact upon the dietetic profession.
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CHAPTER 2

Automated dietary assessment in the primary

healthcare setting *1*

2.1 Introduction

Providing an outline of key components of the research, this chapter examines the
literature surrounding dietary assessment for both the traditional and automated forms.
From their introduction in the 1970s, computers in healthcare have had an impact upon
the dietetic profession in a number of ways, from nutrition education through to nutrient
analysis and coding. This chapter also focuses on the perceived attitudes and
experiences that the general public has towards the use of computers, including a
description of studies of computer use and interaction. The final component of this
chapter addresses the target disease for the CAST case study, metabolic syndrome. A
review of the dietary advice practises as well as the definitions of this disease is

discussed.

2.2 Automating healthcare practice

2.2.1 Computers in general practice

Dietary assessment of the diet has been primarily performed by dietitians, yet the
general public still has a wider degree of faith in the advice given by their GP (15).

However, doctors feel that they cannot always provide the information that is required

" A significant proportion of section 2.2 has been published in a peer reviewed journal:

Probst Y., Krnavek C., Lockyer L., Tapsell L. Developing a self-administered computer-assisted dietary assessment tool
for use in primary healthcare practice: Perceptions of nutrition and computers in older adults with T2DM. Australian
Journal of Primary Health, 2005; 11(3):54-62.

T A significant proportion of section 2.3 has been published in a peer reviewed journal:
Probst, Y.C., Tapsell L.C. An Overview of Computerized Dietary Programs for Nutrition Education, Research and
Practice. Journal of Nutrition Education and Behavior, 2005: 37(1) 20-26.

* Data from this chapter has been presented at the:
2004 National Dietitian’s Association of Australia Conference, Melbourne Victoria, Australia and 2003 Wollongong
University Biannual Research Day, Wollongong, NSW, Australia
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(16, 17), primarily due to a lack of time, lack of nutrition knowledge and training, and a
perceived inability to treat and give dietary advice (17-19). To reduce these barriers,
studies such as NECTAR aimed to increase doctors’ nutrition knowledge by using
computerised nutrition education modules, yet are limited in the range of topics that
may be covered (17). To overcome such problems, Brug (1999) suggests the inclusion
of computer tailored diet assessments in the offices of GPs and other non-nutrition

experts (16).

It has been identified that GPs are able to spend significantly less time giving dietary
advice. The average consultation in Australian general practice was found to be 14.6
minutes and in America it is only eight minutes (20). This short period of time does not
allow for in-depth discussions about food and nutrient interactions for disease
management, and is the primary reason why many doctors opt for medical intervention

or generic nutrition handouts for their patients (21-24).

The third Heelsum international workshop “Nutrition guidance of family doctors
towards best practice 2001” (25), aimed to identify the key challenges with which
doctors worldwide are faced. The primary topics identified were:

1. Use of dietary supplements, herbal preparations and functional foods
Patients as partners
Computers in the general practice
Evidence-based medicine

The Internet

S i

The obesity epidemic

Of these topics, two of six relate to nutrition alone, indicating a key reason for the
limited involvement of GPs in nutrition seen in past years. A further two topics relate to
the use of technology, namely computers and the Internet. By targeting both of these

areas, this study attempts to address the potential for improved practice.

The computer in particular can be aimed toward increasing nutrition advice from the GP
by allowing the doctor to print off reliable nutrition advice whilst the patient is waiting.

Findings by Western (2003) indicate that 86% of Australian GP practices are now
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computerised (26) and therefore able to utilise this concept. It has been recognised that
doctors do not have the available tools in their surgeries to correctly identify a patient’s

present dietary intake (25).

2.2.2 Computers in dietetics

A study by Fitzmaurice et al. (2002) evaluating research grants from the last 30 years
found minimal use of computers in research for the area of nutrition (9). Computers
have, however, been widely used in the area of health for a number of functions (8, 13,
27-31) including electronic patient medical records, patient simulations in dentistry and
decision support in cancer treatment. Computers were primarily used in dietetics for
nutrient analysis when interviewing patients, when developing instructions for students
and for food service management (32). The following literature outlines these and other

methods of computerisation over time in the area of nutrition.

During the 1970s, computer programs were being used to allow health professionals
who were not specifically trained in nutrition to assess dietary intake. For example,
questionnaires were designed to be completed in the dentist’s waiting room, allowing
dentists to recognise the link between diet and dental caries (33). The 1970s also saw a
study of computers used for dietary interviews. The program provided the ability to
generate a weight reducing diet and offer dietary suggestions for the nutritionist or
dietitian to use with their patient (34). When comparing the order effect of computer
and face-to-face interviews, the study found that patients who used the computer first
had faster consultation times with the dietitian than those who saw the dietitian first

(34).

Evaluations of dietary computer software were mainly identified in the literature during
the 1980s and early 1990s. Loretta Hoover (1983) worked with software companies to
compare the nutrient composition of the diet using different programs (35), while
Pennington and Wilson (1990) chemically analysed foods and compared them with the
USDA nutrient database (36). Nieman et al. (1992, 1995) compared the software
features of databases and applications to determine the differences between programs
and investigators (37, 38) and the DASH study (1995) compared four programs for their

ability to calculate the composition of research diets (39). In 1999, a review paper by
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McCullough et al. (40) assessed the usability, features and costs of four nutrient
databases. It was concluded that the choice of database is dependant upon the nutrients
of interest, ease of use of the program, overall accuracy, features of the software, and
the cost of the program. The review also identified that the majority of automated
dietary programs are based on the analysis of nutrients rather than the assessment of the

dietary intake.

2.3 Automated dietary assessment

Dietary methodology has changed dramatically since its published beginnings in the
1960s. From the early use of food frequency questionnaires (FFQ) with a limited
number of foods and hand calculated nutrient output, dietary assessment now
incorporates automated nutrient analysis, computerised interview programs and

specialised dietitians working in a number of practice domains.

Moving far from the lengthy interview and hand calculated nutrient profile, present day
assessment involves a faster interview due to automation, with increased time to be
spent on the provision of accurate and individualised dietary advice (41). In Australia,
this automation is presently limited to the nutrient analysis component of the

assessment.

Use of the computer for the assessment processes has many advantages including cost-
effectiveness, time saving, reliability, standardisation, precise time registration and
facilitation of statistical analysis (13, 42, 43). The dietary assessment process can be
completely or partially automated to allow the health professional to focus on dietary
advice and/or recommendations (41), rather than the need for coding and analysis of the

food intake data.

One of the earliest forms of automated dietary assessment was in subjects with diabetes
mellitus. Diet histories had been in common use since the early 1970s and this period
also saw the beginnings of computer use in dietary assessment (41). The assessments
were based on an interview structure and 653 pre-assumed responses. The interview

was broken up into subject identification, medical history, social history, family medical
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history, subject’s knowledge of diabetes, prescribed treatment and food habits. The
interviews were self-assisted and 50 subjects aged between 20-80 years assessed. The
key downfalls of the program were that subjects felt they were unable to express
themselves completely and could not explain additional information about their diets.
This interview also took longer than a face-to-face interview with a dietitian (44), with
an average completion time of 63.6 minutes (25-110minutes) (45). However, the
interview was enjoyed by the subjects and saved time in collecting medical information
about the subjects’ backgrounds. The program was easily operated and composed of
both statements and questions for the subjects. An assistant was available during the
entire interview and food models were used as guides. The memory core of the program
was, however, only 4000 words. This is approximately equivalent to one kilobyte of

memory. Programs today use thousands of megabytes of memory.

2.3.1 Programs in population surveys

The most common form of interview automation at present is that of Computer-Assisted
Survey Interviewing (CASI) in which an interviewer is present for operation of the
program (46, 47). This method is seen in large scale dietary interventions, where a
dietitian or health professional asks the questions of the subject and keys the responses
into the computer. Few programs allow the subject to enter all data about their diets
themselves. Such findings were identified by Kolasa and Miller (1996) who reviewed a
number of programs and found the majority to be designed for health experts and

dietitians (48).

When the method of assessment is based on a diet history or 24-hour recall, the studies
generally involve larger population studies of America or Europe, and address diet-
disease relationships. No large studies have been found to date in Australia. Variables of
these studies do not differ immensely from smaller studies. Both include the key
principles of individual behaviour, socio-demographic variables and psychosocial
factors such as expectations, attitudes, self-efficacy, perceived treatment and readiness
to change (16). Each of these factors can to affect the response of the individual when
using a computer for dietary assessment. The population sur