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Abstract

This paper shows a study about nonattendance to medical appointments in the Colombian health system to determine which strategies have the
greatest effect on the response variable (nonattendance) of scheduled medical appointments. Three factors were considered (calling the patient,
reconfirming on the eve of the appointment, confirming understanding of the procedure), each with two or three levels randomly selected from a
population. Two replicates were taken for each combination of treatments. The experimental runs were done randomly to guarantee the absence of
bias in data collection. With the above, a total of 180 experimental runs were carried out. This study aims to determine the factors that influence
the population when they do not attend their medical appointments to propose a strategy that reduces this phenomenon. A design of experiments
(DoE) was performed, specifically a completely randomized design (CRD) and a 3k factorial design.

Keywords: design of experiments; medical appointments; nonattendance; factorial.

Aplicacion del disefio experimental para el andlisis de incumplimiento
de las citas médicas del Sistema de Salud Colombiano

Resumen

El trabajo muestra un estudio realizado sobre el factor de incumplimiento de las citas médicas asignadas por el sistema de salud colombiano, para
determinar qué estrategias tienen mayor efecto sobre la variable de respuesta (incumplimiento) de las citas médicas asignadas. Se consideraron tres
factores (Llamar al paciente, reconfirmar en la vispera de la cita, confirmar la comprension del procedimiento), cada uno con dos o tres niveles que
fueron seleccionados aleatoriamente de una poblacion. Se tomaron dos réplicas para cada combinacion de tratamientos. Las ejecuciones
experimentales se hicieron al azar para garantizar la ausencia de sesgos en la recogida de datos. El objetivo de este estudio es determinar los factores
que influyen en la poblacién cuando no cumplen con sus citas médicas, para proponer una estrategia que reduzca este fendmeno. Se realizé un
disefio de experimentos (DdE), especificamente un disefio completamente aleatorio (DCA) y un disefio factorial 3k.

Palabras clave: disefio de experimentos; citas médicas; inasistencia; factorial.

1. Introduction and development of products and processes. [1]. This

Technique hasn't been used prominently in the betterment of

The design of experiments (DoE) is a widely used services or processes unrelated to fabrication (not tangible),
technique for optimizing fabrication processes in the design having high potential for optimizing such processes. [2].
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This document explores the benefits and challenges posed
by the implementation of DoE in a context outside of
manufacturing, specifically in the health industry. This
document also attempts to demystify the notion that DoE isn't
just applicable in the manufacturing industry and processes
inside every organization not linked to manufacturing. For
this to occur, the following scenario is presented [3].

Nowadays, the health industry is confronted by a series of
issues with users who miss their appointments without canceling
them, directly affecting the quality of the services being offered,
raising the prices, and taking away the opportunity for other users
to receive the service promptly [4]. The industry is aware that
between 15% and 20% of healthcare appointments are
unattended by patients. Fabian Cardona, vice-president of Acemi
(a guild consisting of the principal Healthcare Providers (HCP's)
involved in the contributory regime and prepaid medicine), stated
in 2017: "This is necessarily the fault of the user, rather than a
challenge we have as a system" [5].

The intervals between appointments are extended due to
a lack of foresight in their culture. Medtronic [6] (a healthcare
company working at an international level) showcased that
many times the appointments are missed due to the patient
misremembering the date or irresponsibility in the
preparations needed beforehand (such as when eating hours
before surgery). These causes could be avoided easily with
something as simple as ensuring they understood the
instructions and reviewed the date [5].

The present article develops an experimental design allowing
us to create six stages to understand the effects some monitoring
and control strategies by health institutions have in maximizing
the number of appointments while also minimizing costs
involved in reprocessing and subpar used and unused resources.

In the first chapter, the author will develop a
contextualization of the problem, which originated this
investigation, affecting the general health system and
impacting many involved and interested parties.

In the second chapter, the author presents the derived
question of the problem, including the objectives sought after
during this research. Before choosing the model of
experimentation, the author will review the thematic state of
the art, focused mainly on the use of Doe in service
enterprises, considering the handling of data related to the
health services, and medical and hospitality issues found and
further explored in the third chapter.

The fourth chapter presents the research methodology
used for the design formulation and development. For the
fifth chapter, the gathered data is analyzed to better
understand the process and services.

In the sixth chapter, the development of the experiment is
presented, where the factors and levels are determined, a variable
serving as an answer is selected, and the experimental design is
selected. Finally, it showcases the results from the experiment,
highlighting certain factors that result from missing
appointments, such as convent type, and others that are irrelevant
such as the strategies for recording appointments with patients.

2. Justification
The health ministry stated as mandatory for the different

parties of the health system, the use of an obligatory system
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Figure 1. Nonattendance to medical appointments. Nueva EPS, 2017.
Source: [13]
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that provides quality [8] for the service, including security,
pertinence, and continuity, among other criteria.

Additionally, it regulated the health service by levels [9],
the first one being the least complex, with the participation
of basic teams; the second level is focused on special
treatments, and finally, the third level consisting of the most
complex services, with the participation of various specialist
and subspecialties, and with up-to-date technology, all in the
effort to better treat the patients who require it [10].

In 2016, there were 3,253,172 medical appointments booked
in Bogota, from which a total of 422.971 (13%) were missed by
patients [11]. Throughout 2017, patients who stopped attending
the scheduled medical appointments on the public web cost the
city around 21.900 million dollars; about 569,044 missed
appointments or 8.7% of the 6,508.497 booked appointments that
same year [12]. The administration warned that, compared to
2016, the amount of missed appointments increased by 34,5%.
It's estimated that, on average, every missed appointment has a
net value of $38,591.

Fig. 1. showcases the statistics brought by the new EPS (an
HCP) concerning the number of appointments missed by affiliates.

"Appointments missed from general medical
consultation, infirmary, psychology, and special treatment,
among others, imply the booking of a specialist and medical
staff)" explained the district, highlighting that, seeking to
diminish the amount of missed appointments, it has
implemented strategies such as a unique local line of medical
appointments [12]. This service allows patients to book or
cancel appointments quickly, additionally with messages and
confirmation/review calls.

By 2018, the figures had increased. Until the month of
May, there was a nonattendance of 361,613 medical
appointments or 12,3%; basically, every month, 72,322
appointments were missed (see Fig. 2.). The country's
regions with most appointments missed are the north with
16,8%, the capital with 12,9%, the central east region with
12,1%, and southwest of the country with 10,7/ [13].

The main reasons for the number of users missing their
appointments are: First, they cannot attend the initial
appointment due to personal activities. Second, the users
forget the appointment. Third, the lack of penalty fees, and
lastly problems with public transport.
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3. Research question and objectives

Considering the recent issues, the Colombian health
system faces, mainly the high costs and/or economic losses
due to the misuse of resources in the system, caused by the
lack of commitment by patients, the following design
formulates the research question and objectives, these being:

3.1 Question

What factor(s) in the provision of health-related services
will allow a decrease in the percentage of missed medical
appointments?

3.2 Objectives

e  Determine the factor influencing the moment a person
decides not to attend previously booked medical
appointments.

e  Explore the data to find possible groups of people who
miss medical appointments.

e  Find possible correlations between the factors being
studied.

e  Propose strategies for health entities, following the
design results, which might decrease the percentage of
missed medical appointments.

4. Theoretical frameworks
4.1 Experimental Design for service enterprises

In literature [14] concerning the use of experimental
design in enterprises, there are a lot of information and cases
where the said theme was used for manufacturing enterprises.
However, checking the methodology used in service
enterprises, literature was scarce, although, with the
information gathered, we could see significant difficulties for
service enterprises. These issues are due to subjective aspects
involved in collecting data because if it is biased, it will be
harder to choose the appropriate variable for the research.

In accordance with [15], in Table 1, from a review of the
literature used, a critical summary is presented that reveals
the challenges various authors believe affect the usage of
experiment design in service enterprises, which is the
objective of the current research.
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4.2 Missing appointments in Colombian health entities

The study about missing specialized appointments of high
resolution and economic repercussion by Aragon sanitary
consortium reported that out of the total appointments, 10%
did not attend, the failure to attend being higher for women's
first consultation in the morning without any difference
regarding the weekday, being one of the most jeopardized
services: rehabilitation (17.3%), gynecology (13%),
traumatology (11%) and ophthalmology (10.3%) [16].

According to a 2018-2020 study, the nonattendance of
patients to specialized consultations was 16.1%, the data was
taken using statistics from attention centers. = The most
frequent failure to attend comes from children (mostly in
dermatology and nutrition) and in places with a high density
of indigenous people, less diversity, and specialists, and for
February, July, November, and December. The biggest
motivator for nonattendance was forgetting the appointment,
weather, and transport problems.

4.3 The completely random design

The completely random design (DCA) is a statistical
method normally used in experiments with only one factor,
where it looks to compare two or more treatments through a
variance analysis (ANOVA), where it formulates a model
with the structure of (1).

yijzl.l +Ti+gij (1)

Where:
* y,; is the j observation of the i of the factor

ey is the global mean
e 7 is the treatment's effect
e g is the error associated with observation Yy

With this, we wish to validate the significance of each
factor. After defining the model, we create the ANOVA, as
shown in Table 1.

We verify the hypothesis using the statistic FO and the
value -p.

Hy:t; =0; Vi
i=1..k 2)

In other words, if the proof of the hypothesis HO (equation
(2)) is rejected (any t is different from 0), we can say the
associated factor of this t influences the experiment.

Table 1.
Parameter equations of ANOVA
FV e GL cM Fo V‘_‘l']“e
koppovt SCrasr  CMrpar ... .
Treatments  SCrzar= Z::LE -y k-1 CMrgg= ~—‘I CA;';;A' PE>F)
s o sc,
Error s =5¢; - sc,,w N-k oMz =g
Total SCr = Z Z Yi-5 N-1

Source: [14]
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4.3.1 Factorial Design 2*

The objective of a factorial design [17] can be seen as an
extension of DCA. Its objective is to study the effect of various
factors over one or many answers, unlike DCA, which observes
the effect of a single factor. In this case, we handle two or more
factors with three levels each. Thus, the model is similar to DCA
only that it has k factors, and its proof for the hypothesis is the
same for each one of the interactions.

4.4 Mixed factorial design

The objective of a factorial design is to study the effect of
various factors over one or multiple answers, where it has the
same interest over all the factors.

This design is a modification of the 3K factorial design.
It is restricted to all factors having three levels. Meanwhile,
the mixed variation can have distinct levels; for example, in
a 4x4x3 design, the first factor has four levels, the second has
four levels, and the last has three levels.

The model and the proof of the hypothesis are the same
as the 3k design, making sure the subscript corresponds to the
factors and levels.

5. Materials and methods

The investigation of this article is experimental in nature,
through a logical, systematic, and methodological process of
sequential treatments, where every factor of the study will be
manipulated to determine how the answer variable of the
experimental design is affected.

e Problem definition and objectives.

e Descriptive and explorative analysis.

e Preparation of the database, reclassifying the numerical
variables to categories.

e Experiments are designed.

e Determining the factors and levels maintaining a
balanced base.

Table 2.

Variables description of the database
GENDER From the person receiving the quote
AGE From the person receiving the quote.
SPECIALTY 32 types of appointments, including

specialties and general medicine.

3 types of affiliation; GOLD clients
(pay more monthly for the service),
SILVER clients (pay a lower value)
and CONVENIO (companies pay for

TYPE_AFFILIATION

users).
DATE_APPOINTMENT Date and time of the appointment
1D Appointment ID number

Final status of the appointment.

ESTAFINAL 1=CANCELLED, 2=COMPLIED,
3=FAILED.
MAIL Patient has email.

1=MAIL, 0=NO MAIL.

Days elapsed between request and
assignment of appointment.

Number of previous days in which the
patient is called to confirm the
scheduled appointment

DAYS_DATE_APPOINTMENT

DAYS_BEFORE_CALL

Source: Authors

e Determining the experiments according to the factors.

e Evaluating and analyzing the results given by the
experiments.

e Proposing a strategy to diminish the percentage of
patients failing to attend appointments.

6. Result: data analysis

A database with 67,650 id clients is available, containing
974,100 registers. For the formulation of the experiment and
based on the data recompiled over five months, the following
variables were obtained (Table 2).

The database contains three categorical and eight
numerical. Variables. The variable finds its final phase
through a transformation, from numerical to a factor (Fig. 3).

From the summary of the variables, we can tell that the
average age of people who book medical appointments is 39
years, though there are some atypical data of patients older
than 80 years. Considering that the majority of data is found
in the age range of 20 to 50, this will be a criterion for the
screening of the database (see Figs. 4 and 5).

tibble [67,650 x 141 (s3: tb1_df/tb1/data. frame)

$ GENERO : chr [1:67650] "FEMENINO" "FEMENINO" "FEMENINO" "FEMENIN
o

: num [1:67650] 41 49 41 49 36 39 56 32 31 50 ...

: chr [1:67650] "ORTODONCIA" "TERAPIA OCUPACIONAL" "FISIO

$ EDAD

$ ESPECIALIDAD

TERAPIA" "FISIOTERAPIA" ...
$ TIPO_AFILIACION : chr [1:67650] "GOLD" "SILVER" "GOLD" "GOLD" ...
$ FECHA_SOLICITUD_CITA : POSIXCt[1:67650], format: "2020-06-26 06:30:00" "2020-0
6-23 06:30:00" ...
$ FECHA_CITA
7-02 06:30:00" ...

: POSIXct[1:67650], format: “2020-07-02 06:30:00" "2020-0

$ id : num [1:67650] 9373 62884 72568 5733 22397 ...
S ESTAFINAL : num [1:67650] 3221331222...
$ mes :num [1:67650 7777777777 ...
$ confirmaciéon 1lamada : num [1:67650] 2 023132132...
$ CORREO_ : num [1:67650] 1000100010 ...
$ FECHA_LLAMADA : POSIXct[1:67650], format: “"2020-07-01 06:30:00" "2020-0
6-30 06:30:00" ...
$ DIAS_ANTICIPACION_LLAMADA: num [1:67650] 1 213310221 .
$ DIAS_FECHA_CITA : num [1:67650] 6 97 8 58 64 14 6
>
Figure 3. Tratamiento de datos en R.
Source: Authors.
Histogram of EDAD

Frequency
0 8000
[N

EDAD
Figure 4. Distribucion de la variable edad.
Source: The authors.

-

80

a0

o4

Figure 5. Box-and-whisker plot, variable age
Source: The authors.
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GENERO ' EDAD ESPECTALIDAD TIPO_AFILIACION
Length: 67650 Min.  : 0.0 Length:67650 Length:67650
Class :character 1st Qu.:29.0 Class :character Class :character
Mode :character Median :38.0 Mode :character Mode :character

Mean  :38.7
3rd Qu.:49.0
Max. 196.0
g
2
g
8
g
g
°
1 2 3
1 2 3
0.1769401 0.6359941 0.1870658

Figure 6. Porcentaje de citas canceladas, cumplidas e incumplidas.
Source: Authors.

oct.  nov.
L L

sept,

telco$FECHA_CITA

ago.
L

jut
L

T T T T T
0 10000 20000 30000 40000 70000

50000 60000
Figure 7. Data distribution by months of the year.
Source: The authors
In terms of the "final stage" wvariable, 18% of

appointments were canceled (stage 1), 64% attended (stage
2), and 19% missed (stage 3), as can be seen in Fig. 6.
Regarding the months, we have information for the
second semester (from July to the month of December). At
the same time, the ID variables can be established to be in
sequential numerical order. The lower numbers correspond
to the first months of the second semester, and the larger id
corresponds to the last months of the year (Fig. 7).
Regarding the days between the booking and the conclusion
of the appointment, it can be observed that the times concentrate
between 1 and 20 days (Figs. 8-9), and in a lesser proportion, the
days where the appointment is assigned surpasses the 20-day
mark shown by the dispersion diagram. Concerning the
anticipation days for calls to confirm the appointment, it can be
observed in the graph that the health institution makes calls in
the majority of cases, one day before the booked appointment.

Histogram of telcoSDIAS_FECHA_CITA

10000

Frequency

0 2000 6000

T T T T ]

o 5 10 15 20 25 0
eicoSDIAS_FECHA_CITA

Figure 8. Waiting days for appointment scheduling.
Source: The authors

Histogram of telco$DIAS_ANTICIPACION_LLAMADA

T T T 1
15 20 25 3.0

telco$DIAS_ANTICIPACION_LLAMADA

25000

Frequency
15000

0 5000

T T T
0.0 0.5 1.0

Figure 9. Frequency of the days before the confirmation call is made.
Source: The authors

From the next graphic (Fig. 10), it can be observed that
women cancel appointments more often than men. The
customers failing to attend the most are in the gold category;
this might be due to the lack of penalty fees if they cancel or
miss the appointment. Conversely, the users in the silver
category are the likeliest to attend their appointment.

By making a graph showing the relation between
specialties and final stages, it is possible to see the
heterogeneity in every category's contributions in counting
cases 1, 2, or 3. Subcategories such as occupational therapy
inside the variable of specialty concentrate the largest
number of cases, independent of the subcategory. At the same
time, it is important to highlight that the largest quantity of
information regarding the cases of cancelations and absences
is in the same subcategories previously mentioned.

GENERO
FEMENINO MASCULINO Pearson
residuals:
z 4
= 2
Lo 0
£ 2
it 4
p-value =
<2.22e-16
TIPO_AFILIACION
CONVENIO  GOLD SILVER
M Pearson
-~ 28

ESTAFINAL
2
hoa

-25
p-value =

<222e-16

Figure 10. Behavior by gender and type of affiliation Vs. Cancellation or
fulfillment of appointments.
Source: The authors

3
]
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Dia_Semana
2 3 4 5 6
P Pearson
residuals:

i

ESTAFINAL
2

-40

53
p-value =
<222e-16

d |

Figure 11. Behavior by day of the week
Source: Authors

15000 -

10000 -
ESTAFINAL

B -
I -
-
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5000 -

ACUPUNTURA
CARDIOLOGIA
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CIRUGIA MAXILOFACL
DERMATOLOG
ENDODONCIA
FISIATRIA
FISIOTERAPIA
FONOAUDIOLOGIA
GASTROENTEROLOGK .
NEDICINA INTERNA
NEUROLOGIA
NUTRICION
ODONTOLOGIA i
ODONTOLOGIA PEDIATRICA .
OFTALMOLOGIA
OPTONETRIA
ORTODONCIA
ORTOPEDIA Y TRAUHATOLOGIA
QTORRINOLARINGOLOGIA
PEDATRIA
PERIODONCIA
PSICOLOGIA
PSIQUIATRIA
RADIOLOGIA
REHABILITACION ORAL
TERAPIA OCUPACIONAL
UROLOGIA

ESPECIALIDAD
Figure 12. Frequency of medical specialties requested (cases).
Source: Authors

Regarding the specialties, it is noted (Fig. 12) that the
specialties with the most significant influx of users are
physiotherapy, occupational therapy, and gynecology.

When analyzing the series of times of each case, we can
appreciate that there exist clear differences concerning the
level of canceled and absences in regard to attended
appointments. At the same time, it can be seen that certain
types of factors exist which points in the direction of the
seasonality of the series, something being present in the
valleys that appear periodically in the series.

At the same time, by making an auto-Arima to the series
of cancelations, attendances, and absences, we find that the
series have different characteristics. It is possible to notice
that, for example, the series of accumulated cancelations by
day have an autoregressive relation with the cancelations of
the previous day. This situation might be explained by the
effects of a group tendency, where the patients respond to
certain conjectures maintaining themselves throughout time,
at the time of canceling their appointment.

Similarly, it is possible to appreciate that there is an MA factor
for the series of attendances, thus having a significative partial
autocorrelation for the previous period, independent of other periods.
This finding could be linked to patients who have appointments for
one month and usually have checkups the following month.

Concerning failure to attend, it is possible to appreciate
an important complexity in the series (Fig. 13) which leads
us to think about aspects other than seasonal ones. This series
has factors that are not being modeled in the correct manner;
thus, we could conclude it is the hardest series to predict.

Coefficients:
mal

-0.7810

s.e. 0.0559

sigmaA2 estimated as 0.002147: Tlog likelihood=234.74
AIC=-465.48 AICCc=-465.39 BIC=-459.57

> arima_incumplimiento <- auto.arima(s_incumplimientol)
> arima_incumplimiento

series: s_incumplimientol

ARIMA(1,1,3)

Coefficients:
arl mal ma2 ma3
-0.9080 0.2534 -0.6189 -0.1724
s.e. 0.0918 0.1187 0.1048 0.0920

sigmaA2 estimated as 0.001243: Tog Tikelihood=275.09
AIC=-540.18 AICCc=-539.74 BIC=-525.41
>

> arima_cancelacion
Series: s_cancelacionl
ARIMA(1,0,0) with non-zero mean

coefficients:
arl

0.1704

0.0834

mean
0.1759
s.e. 0.0026
sigmas2 estimated as 0.0006875: Tlog likelihood=318.78
AIC=-631.56 AICc=-631.39 BIC=-622.68
> arima_cumplimiento <- auto.arima(s_cumplimientol)
> arima_cumplimiento
Series: s_cumplimientol
ARIMA(0,1,1)

ll o
|1| cobur
Canealasis

— Cumpldas

Tess_Cance

= Incumpidss

L S R TR P )

FECKA

L Y R R P R TR ]

Figure 13. Tasa de cancelacion por dia de la semana.
Source: Authors

By making a classification tree, it can be noted that the
prediction for the final stage of the appointment is based on
the specialty (an aggrupation of specialties was made) and
the day of the week. Thus, we understand that a factor of a
particular weekly season must exist affecting the probability
of having a state of cancelation or absence.

At the same time, in concordance with the previous graph,
we can appreciate that the types of specialties affect the
probabilities of having a different ESTAFINAL for the
subcategories (Fig. 14).

5 1 (unused)
18 64 19 =2
100% 3

yes Especialidad_Agrupado = A

Dia_Semana =2,3,5,6,7

2] 2 3 3
A7 67 16 25 41 34 22 27 51 15 00 85
90% 7% 1% . 1%

Figure 14. Arbol de calificaciéon del modelo.
Source: Authors
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7. Formulating the experiment

We have access to a database with 67,650 registers of
medical appointments, from which 14 variables are taken,
such as age, gender, specialty, type of affiliation, date, among
others, which will be redefined later on for the study, due to
the need to categorize some of the variables.

7.1 Selection of factors and levels

For the formulation of the experiment and based on the
recompiled data of the last four months of the studied
hospital, in regard to the percentage of unattended
appointments, out of the total programmed appointments, we
propose to evaluate the reasons behind patients missing their
appointments. For this task, we define the following factors
and their respective levels (Table 3). These factors are based
on previous studies, which present some plausible reasons
causing the problem and have large implications regarding
the economy of the Colombian health system.

To analyze every factor, we decided to make a previous
analysis for factor A, calling the patient, with its respective
three levels, obtaining an analysis for the factor variance.

7.2 Selection of the answer variable

The selection of the answer variable, or dependent
variable, must ensure the measurement's effectiveness in
showing information regarding the study being made. In
accordance with the given information and the need to
generate better service times and treatments; we formulate
the answer variable as follows:

7.2.1 Answer variable

Percentage of missed medical appointments by month,
out of the total scheduled appointments.

7.3 Selection of the experimental design
7.3.1 Analysis of the unifactorial variance

We formulate a completely random design, given that it
only considers two sources of variability: the treatments and
random errors. In this case, we discuss a balanced design
because we have done the same number of repetitions (5) for
every single one of the treatments (Call time).

Table 3.
Factors and levels of the experiment.
Factors Description Levels

Al: 1 day before

A2: 2 days before

A3: 3 days before

A4: do not call the patient
Al: send mail

A Call patient

B Send reminder mail A2 do not send mail
Al: > 30 working days
C Appointment time A2: 8- 15 working days

A3: 1 -8 working days

Source: Authors

The formulated model is:

HO: t1=12=...=1k=0
H1: ti#0 for i

HO: pl=p2=...=pk=p
H1: pi#yj for i #j

Where:
e ul, treatment mean
e 1, is the factor, call patient, which has four levels.

7.3.2 Experimental design 3k

Given that we have already defined the variables, we select
the experimental units. In this case, 180 medical appointments
assigned to people between the ages of 20 and 50 because people
younger or older than the given age range might not be
responsible for booking the appointment themselves. Afterward,
to have homogenic units, we use the following restriction (3).

The formulated model is:

Vijr = B+ T + B + v + B + Byik + Ty + €ijir ()

Where:
e i is the factor, calling the patient, that has three levels.
e [ is the factor, send an email, with two levels.
e vk is the factor, time given to schedule an appointment, with three levels.
®  &;ir is the error associated with the appointment y; jy,.
e 1 is the r repetition.

7.4 Development of the experimental design

We used the analysis of variance (ANOVA) (Table 4) to
determine if there were any differences in the measurements
of the treatments. Fundamentally, this analysis separates the
contribution of each source of variance in the total variance
observed. To note normality, constant variance (equal
variance in the treatments), and independence.

The ANOVA is made for factor A: Call the patient for the
appointment, obtaining the information shown in Tables 5 and 6.

Table 4.
Data by treatment. Completely randomized DCA design
(5 Replicates)

Treatment Sum Average Variance
Al 11.862 2.372 228.714
A2 15.620 3.124 340.927
A3 40.168 8.034 2.161.440
Source: Authors
Table 5.
Resumen datos. Disefio completamente aleatorio DCA.
al: a2 a3 a4
3.780  3.670 3.645 3.745
3.591  3.672 3.546 3.667
Unfulfilled appointments 3.582  3.633 3.599 3.673
3779 3.630 3.692 3.721
2208  2.271 2.265 2.281
Treatment Count Sum Average Variance
Al 5 16.940 3.388 444.448
A2 5 16.876 3.375 381.410
A3 5 16.747 3.349 370.407
A4 5 17.087 3.417 404.633

Source: Authors
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Table 6.
ANOVA.
Source of Degrees of
Variations Sum of Squares Freedom Mean Squares
Treatments 11.985,8 3,0 3.995,3
Error 6.403.589,2 16,0 400.224,3
Total 6.415.575,0 19,0
F Critical value Rejection - value
for F criterion P
0,010 3,24 No rechazo 0,419

Source: Authors

Al A2 A3 Ad

Figure 15. Box — plot by treatment
Source: Authors

Table 7.
Summary data. Completely randomized design DCA Factor C
Source of Sum of Degrees of Mean Squares
Variations Squares Freedom
Treatments 94530433,6 2 47265216,8
Efects 10924326,4 12 910360,5333
Total 105454760 14
- Critical Rejection
¥ Probability value for F crijterion p - value
51,91922878 1,23586E-06 3,885293835 Reject 0,999999

Source: Authors

It can be observed (Table 6) that it does not reject the null
hypothesis, which indicates that there are no differences
between the times of review calls and missing the
appointment.

In graph form (Fig. 15), after making the diagram, it is noted
that the values of the means between all the treatments are similar
and that all appear to have considerable dispersion.

The analysis for factor B is made, and it does not reject
the null hypothesis, which means this factor doesn't have an
effect on the nonattendance of appointments. However, after
checking Factor C, the following results are shown (Table 7).

By rejecting the uniformity of the treatment's mean, it
indicates that at least one of the measurements is different
from the rest and has an effect on the answer variable. Next,
we seek to establish the treatment that has a different
behavior from the others through the calculation for the
treatment effect I, ti=pi-p, by calculating the distance
between the treatment mean and the global mean.

A box diagram is made, seeking to compare the means
between treatments.

10000
9000
8000
7000 976,5
6000
5408
5000
4000
3458
3000
586 2667
2000 ?ﬁms 2097
1520

1000

0
AL A2 A3

Figure 16. Box- plot Factor C.
Source: Authors

Table 8.
Comparison of means by method LSD y HSD.

Treatment Difference Means LSD Rejection criterio
Al A2 751,6 1314,790721 No rejection
Al A3 5661,2 1314,790721 rejection
A2 A3 4909,6 1314,790721 rejection
Tukey 3,77

Treatments Difference Means TURKEY  Rejection criterio
Al A2 751,6 426,6990821 No rejection
Al A3 5661,2 426,6990821 rejection

A2 A3 4909,6 426,6990821 rejection

Source: Authors

The LSD methods (Table 8): Least significant difference
and turkey (also known as HSD, honestly significant
difference) were used to compare the measurements,
obtaining that it rejects HO: pi=pj, for the comparison
between treatments Al-A3 and A2-A3, as previously
visualized in Fig. 16.

Therefore, it can be concluded that it is more beneficial
for hospitals to generate appointment-reminding strategies
with a maximum of eight (8) days before the scheduled
appointment.

8. Conclusions

Through the design of the experiment, specific causes
could be found explaining the failure to attend medical
appointments, which in recent times are increasingly costly
to the health system, thus decreasing the quality of service.
From the analysis of the data, the following conclusions were
reached:
¢ Nonattendance was less present in people in the gold level

and those who could be assumed to have a higher pay

grade, which indicates that the strategies for bettering
medical care should be targeted towards this population.
o Considering that nonattendance is more present in
members outside the gold level, it could be avoided
through a message or email confirming the appointment.

Also, people in line could have the option to be notified

when an appointment has been canceled (thus being able

to arrange an earlier new appointment). In any case, the
people who access this service are people in the range of
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39 years old, in which case they should be held
accountable for any nonattendance reason.

Men appear to be the ones with fewer absences; however,
this is linked to the fact they also book them the least. On
the other hand, women are the ones who miss the largest
number of appointments. Thus, specialties for women are
expected to have a large number of absences, and
therefore higher costs due to nonattendance (gynecology,
obstetrics, etc.)

The time that takes place between the scheduling of the
appointment and the date of its execution is a factor that
impacts the nonattendance to medical appointments. The
longer it takes, the higher the probability of failure to
attend, whether the patient is forgetful or no longer
requires the appointment.

There is no difference between patient-reminding call
times versus appointment attendance, so it is not a
determining factor for patients to attend medical
appointments, so previously calling patients would not
add value to the service.

For further study, it is suggested to explore other factors
to be determined, such as gender, that might have a
variable influence on the answer.
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