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Abstract
Doctors, nurses, and other healthcare professionals use software that affects the patients. Directly 
Observed Treatment, Short-course is the name given to the tuberculosis control strategy recommended 
by the World Health Organization. The main goal of this work is to propose a protocol for evaluating 
the impact of healthcare software supporting Directly Observed Treatment, Short-course on patients, 
healthcare professionals, and services. The proposed protocol consists of a set of instruments and steps. 
The instruments are reliable and validated existing questionnaires to be applied before and after using 
the software tool. The literature points out the need for standards on the software assessment. This is 
particularly critical when software affects patients directly. The present protocol is a universal tool to 
assess the impact of software used to support the fight against the tragedy of tuberculosis where a rigorous 
evaluation of IT in healthcare is highly recommended and of great importance.
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Introduction

There is evidence for the positive impact on the patients and healthcare professionals of the invest-
ment in healthcare information systems (HIS).1 When the software is considered a medical device2–4 
and the expenditure in healthcare has a tendency to grow,5 a rigorous evaluation of software in 
healthcare is needed. Studies on the evaluation of the health systems6–8,13 have identified that there 
still are key challenges to overcome and have concluded that a broadly accepted framework for 
software evaluation in healthcare is necessary. This evaluation must focus, not only, but essentially 
on users.9,10 Accordingly, we justify the need of instruments, a model and a methodological 
approach to assess the impact of the use of software on the patients, healthcare professionals and 
services.6

About one-third of the world’s population has latent tuberculosis (TB) infection. Over 95 per-
cent of TB deaths occur in low- and middle-income countries.11 TB causes one-fifth of all deaths 
of people with HIV infection.11 DOTS or Directly Observed Treatment, Short-course is the inter-
nationally recommended strategy for TB control that has been recognized as a highly efficient and 
cost-effective strategy.11 Our main goal is to study the relationship between the adoption of soft-
ware and the impact on the patient, on the professional, and on the services that deliver the DOTS. 
In this way, we propose a protocol for DOTS software evaluation.

The article, in the next section, introduces the concepts related with the approach, namely, the 
perspectives of assessment of satisfaction of software. The following sections detail the research 
question and objectives of the study, as well as the methods applied. The proposed protocol pre-
sents a set of instruments and a set of steps. The article follows with a discussion of the proposal 
and ends with summarizing the conclusions and future research work.

Background

It is possible to identify innumerous studies for evaluating healthcare information technology.7,8,12 
Ammenwerth et al.6 sum up the evaluation questions as follows: (1) Which information technology 
should be selected and installed? (2) What is the usability of the information technology? (3) What 
are the technical and system features, for example, performance or software quality, of the infor-
mation technology that affects its use? (4) Do users accept the information technology and use it as 
intended? If not, why not? (5) How does the information technology affect structural or process 
quality (time saving, data quality, clinical workflow, and patient administration) with regard to dif-
ferent users (physicians, nurses and administrative staff)? Does it work effectively? If not, why 
not? (6) What are the effects of an information technology on the quality of care? (7) Are the 
patients satisfied with the information technology? and (8) What are the investment and opera-
tional costs of information technology? Is it cost-effective?

We will use Ammenwerth et al.’s14 definition of HIS evaluation: “the act of measuring or explor-
ing attributes of a HIS (in planning, development, implementation, or operation), the result of 
which informs a decision to be made concerning that system in a specific context.” All along the 
years, it is possible to register the shift from pure technical evaluations to more complex models, 
including the importance of the human factor,15 and the social and organizational issues.10,16 Payton 
et al.10 and Paul et al.9 emphasize the key importance of including the patient–user perspective in 
the evaluation of the systems. Regarding the questions of “What are effects of an information tech-
nology on the quality of care?” and “Are the patients satisfied with the information technology?” 
we can identify several key works, summed up in Table 1. It is possible to conclude the absence of 
a consistent instrument, model and methodological approach to evaluate the users’—patients and 
healthcare staff—perspective of HIS. If the use of software in healthcare has the purpose to improve 
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the quality of healthcare services and the level of effectiveness, then it must be evaluated from 
these two perspectives and therefore we need a consistent protocol for that assessment.

Research question

The research question is as follows: How can the impact of healthcare software supporting DOTS 
on patients, healthcare professionals, and services be assessed?

The goal of this research is to propose a protocol for DOTS software evaluation from the per-
spective of its impact on patients, healthcare professionals and services.

Methods

The first step was to perform a literature revision to identify the existing key works to evaluate the 
impact of healthcare software either on patients or on software professionals. This literature revi-
sion allowed us to identify the need of approaches to use similar instruments and methods to 

Table 1.  Key works for evaluation of health information systems’ satisfaction.

Author(s) (year) Title Goals Methods Findings/conclusions

Rojas-
Mendizabal et al. 
(2013)17

Toward a 
model for 
Quality of 
Experience 
(QoE) and 
Quality of 
Service (QoS) 
in e-health 
ecosystems

Proposal of a 
health ecosystem 
involving the 
quality of 
experience and 
quality of service in 
e-health systems

Literature 
revision

Their view is that the 
deployment of e-health projects 
centered only on technical 
requirements tends to provide 
marginal results. They pose 
that the starting stage must 
be the understanding of the 
patient and medical specialist 
needs, the understanding of the 
context and its social reality

Lazakidou et al. 
(2012)18

Patient 
satisfaction as 
part of quality 
assurance in 
e-health

Justifying the 
need of including 
patients’ 
satisfaction as 
part of quality 
assurance in 
e-health

Literature 
revision

Assessment of patient 
satisfaction with the process of 
care is important as a measure 
of quality care. The study of the 
effect of different providers’ 
characteristics in patients’ 
satisfaction would also be 
useful in improving the process 
of healthcare

Currell and 
Urquhart 
(2003)19

Nursing 
record 
systems: 
effects on 
nursing 
practice and
healthcare 
outcomes 
(Review)

To assess the 
effects of nursing 
record systems on 
nursing practice 
and patient 
outcomes

Eight trials 
involving 1497 
people included 
randomized 
controlled trials, 
questionnaires, 
interviews, 
patient 
satisfaction 
surveys and 
data quality 
comparison

No evidence was found of 
effects on practice attributable 
to changes in record systems. 
The research undertaken so far 
may have suffered both from 
methodological problems and 
faulty hypotheses. Qualitative 
nursing research to explore the 
relationship between practice 
and information use could be 
used as a precursor to the 
design and testing of nursing 
information systems
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evaluate and compare different software tools. The second step was to perform a second literature 
review on instruments to measure: patient satisfaction, healthcare professional’s satisfaction, and 
TB service evaluation. The third step was the definition of criteria to select instruments for the 
protocol. The fourth step was the definition of criteria for the selection of the steps to include in the 
proposed protocol. The fifth and final step was the development of the protocol.

The protocol

The proposed protocol is composed of a set of instruments and a set of steps. The adoption of the 
instruments follows the following criteria: (1) instruments must be based on studies demonstrating 
their fundamentals of validity, namely, the number of the sample, internal consistency reliability, 
convergent validity, discriminant validity and predictive validity; (2) instruments used in several 
other studies published in renown publications; and (3) the instruments must assess patient satis-
faction, and the impact on healthcare professionals and on the TB services.

The adoption of the steps for the present protocol follows the following criteria: (1) the steps 
should allow the use of the protocol in different geographies; (2) the protocol should include all 
procedures of the selected instruments; and (3) the protocol should indicate how to use the results 
of the application of each instrument.

Only few instruments meet these demanding requirements. Despite the large number of existing 
instruments and studies, only few met these criteria. Based on a thorough literature review, the 
selected instruments are the key renowned instruments that met the criteria and indicated in the 
literature.

The instruments

To evaluate the patients’ satisfaction, we propose the use of the following questionnaires: Hospital 
Consumer Assessment of Healthcare Providers and Systems (HCAHPS)20 and the Patient 
Satisfaction Questionnaire Short-Form (PSQ-18).21 The intent of the CAHPS Hospital Survey, also 
known as Hospital CAHPS or HCAHPS, is to provide a standardized survey instrument and data 
collection methodology for measuring patients’ perspectives of hospital care. The HCAHPS survey 
contains 21 patient perspectives on care and patient rating items that encompass nine key topics: (1) 
communication with doctors, (2) communication with nurses, (3) responsiveness of hospital staff, 
(4) pain management, (5) communication about medicines, (6) discharge information, (7) cleanli-
ness of the hospital environment, (8) quietness of the hospital environment, and (9) transition of 
care. The survey also includes four screener questions and seven demographic items, which are used 
for adjusting the mix of patients across hospitals and for analytical purposes. The survey is 32-ques-
tion long. The PSQ-18 has been validated for use in different settings. It was developed through 
rigorous research and abbreviated from much larger questionnaires,22,23 maintaining internal con-
sistency and reliability.21 PSQ-18, Likert scale questionnaire, proposes seven dimensions of patient 
satisfaction directed toward their healthcare professionals: (1) general satisfaction, (2) technical 
quality, (3) interpersonal manner, (4) communication, (5) financial aspects, (6) time spent with doc-
tor, and (7) accessibility and convenience. Each domain is tested through different related questions, 
which is of substantial benefit when one aims to identify a particular area to improve on. The general 
satisfaction has strong correlation with the other domains, and thus, it is important to improve all.

Morisky Medication Adherence Scale, version with 8 questions (MMAS-8) evaluates the adher-
ence to the medication.24 Different tools have been used to evaluate and assess patients’ adherence 
to medication, and there is no “gold standard” measure of medication adherence.25 MMAS-8 is 
proposed to evaluate the impact of the software on medication adherence.
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To assess the impact of a software on the healthcare professionals and services, we propose the 
use of the Organizational Commitment Questionnaire (OCQ), the Computer System Usability 
Questionnaire (CSUQ), and the organizational dimensions and the performance of the services of 
the basic attention centers in the management of TB, Tuberculosis Primary Care Assessment Tool 
(TPCAT). Human resources in healthcare are defined as “the heart of the health systems of the 
countries,” “the most effective part of the health care services,” and “a critical component of the 
health policies.”26 According to the World Health Organization (WHO), healthcare professionals 
are the people who protect and improve the health level of the society.27 To assess whether a soft-
ware affects the work of the healthcare professionals, we propose the OCQ.28–32 Organizational 
commitment can be defined as the strong feeling of an individual as a part of the organization and 
defining himself or herself in that way.33 Affective commitment expresses the emotional attach-
ment of the employees. Numerous studies have examined the correlates of commitment. Positive 
associations were found between affective commitment and motivation, organizational citizenship 
behavior, job satisfaction, performance, and productivity.34–36 The OCQ32 relates to the measure-
ment of affective commitment and counts among the most frequently used measurement instru-
ments.37,38 The OCQ consists of 15 items, of which 6 are negatively poled. Positive associations 
were found with job satisfaction39 and with the readiness to remain in the organization,40 and nega-
tive correlations were found with the intention to leave the organization.41,42 Maier and Woschée43 
prove the construct validity of the OCQ with the help of a confirmatory factor analysis by showing 
that the OCQ represents a construct that can be empirically distinguished from other work attitudes 
(job satisfaction and job involvement).

To assess the satisfaction with the usability of software in health, we propose the use of the 
CSUQ.44 CSUQ was validated with 825 employees who worked at nine IBM development sites: 
Atlanta, Austin, Bethesda, Boca Raton, Dallas, Raleigh, Rochester, San Jose, and Tucson. The 
questionnaire works well in non-laboratory settings.44

Concerning the healthcare professionals, we did not identify any reference tool to evaluate 
healthcare professionals’ satisfaction. However, there are several works to evaluate nurses and 
doctors.45 Two works must be referred—Beaglehole and Dal Poz,46 with the Public Health 
Workforce: Challenges and Policy Issues, and Mollahaliloğlu et  al.,47 with the Healthcare 
Employee Satisfaction Survey.

Finally, to evaluate the impact of software in the services, we will evaluate the organizational 
dimensions and the performance of the services of the basic attention centers in the management 
of TB by using the questionnaire developed by Tereza Villa and Ruffino-Netto (48,49) (TPCAT) 
Villa and Ruffino-Netto used an instrument of the Primary Care Assessment Tool (PCAT). This 
tool was formulated and validated to evaluate the critical issues of the primary care in industrial-
ized countries, developed by the John Hopkins University (50–55). This instrument was adapted 
and validated for Brazil by Macinko, Almeida, and Oliveira (55,56). The same was adapted to 
evaluate the TB attention by Villa and Ruffino-Netto (49).

The steps

The protocol consists of five steps. It starts with the definition of the sample (Step 1) and the 
adjustment of the instruments (Step 2), followed by their validity (Step 3). The next step is the 
application of the instruments (Step 4). The analysis of the results and expected outcomes is the 
fifth step (Step 5). Figure 1 presents the steps of the protocol.

The first step concerns the definition of the sample and where to apply the instruments. 
Statistical approaches are used to determine samples and the definition of the inclusion and exclu-
sion criteria in the study. Having a control group is mandatory in order to guarantee that the 
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software is the only factor that affects the final results. Steps 2 and 3 apply when the instruments 
need to be adapted to a particular geography and language. The instruments first need to be trans-
lated to the mother-tongue and tested before being used in the field. A “forward–backward” pro-
cedure should be used to translate the instruments. Retro-translation and contrast analysis to 
reduce the bias involved in the translation must also be applied. HCAHPS has several domains 
(constructs) regarding hospital internment and hospital discharge. As the majority of the TB 
patients do not need internment, and consequently have no discharge, these constructs are not 
used. We suggest three series of pre-test of the instruments with a sample of patients and profes-
sionals based on the similarity of the demographic characteristics of the sample that will be used. 
The pre-tests will allow (1) the replacement of several expressions by others more comprehensi-
ble for the patients, (2) the improvement of the procedures of application of the instruments lead-
ing to a normalization of the application of the questionnaires, (3) the developing of a checklist 
and procedures’ manual for the team that will apply the instruments, and (4) the training of the 
team. The application of the pre-tests should be recorded (video) and carefully post-analyzed by 
the research team. Patients participating in these pre-tests must sign a consent term. The next step, 
Step 3, consists of making the internal consistency analysis of the adapted instruments. Construct 
validity estimates the ability of an instrument to measure the underlying construct of interest.57 
Exploratory factor analysis (EFA) has traditionally been employed by researchers as a tool to 
determine the number of underlying dimensions in a data set by grouping variables that are cor-
related.58 The technique of Confirmatory Factor Analysis analyzes a priori measurement models 
in which both the number of factors and their correspondence with the indicators are explicitly 
specified.59 Reliability can be assessed by Cronbach’s alpha internal consistency reliability coef-
ficients. Values greater than 0.6 are considered generally satisfactory, and those greater than 0.8 
indicate high internal consistency. Step 4 consists of the application of the instruments. This step 
must follow a specific timeline. Using the (adjusted) instruments either in patients or in healthcare 
professionals, before and after the introduction of a software, and by comparing the results, it is 
possible to verify whether the use of the software has any impact, and whether it is positive or 
negative. The ideal scenario should be using the instruments for each patient and health profes-
sional before and after the use of the software. However, when applying the instruments, different 
patients will be in different moments of the treatment. Some will be at the beginning and some 

Figure 1.  Five steps of the protocol.
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will be at the end, which makes it difficult to apply the instruments, exactly to the same patients, 
both before and after the use of the software. Therefore, the only possible solution is to apply to 
existent patients in the beginning and to existent patients in the end even if they are not the same. 
Thus, we propose that the first evaluation moment for all the patients, regardless of their status of 
treatment, should be in the first month. Then, we will introduce the software, training the profes-
sionals by teaching them how to use the system. After 3 months of consistent use of the system, 
we can consider that the professional is totally adapted to the tool, having overtaken the learning 
curve and adaptation. Figure 2 presents the timeline to adopt.

After the 3-month use of the software, a new application of the instruments, added with the 
CSUQ44 to verify whether the usability has some correlation with the other results, should occur. 
Comparing the first measures with the second, we would find out whether the software had some 
impact on the patients, healthcare professionals, and the services. All the procedures of each instru-
ment must be followed. Results come from the comparison between the first and the second 
moments of evaluation (Step 5). PSQ-18 and HCAHPS allow the patients’ satisfaction to be meas-
ured. A similar development is expected between the results of these two instruments, either posi-
tive or negative. MMAS-8 will offer the impact on the medication adherence. A progression in line 
with PSQ-18 and HCAHPS is also expected. The evolution in the professionals’ attitude is meas-
ured using the OCQ. CSUQ will help in understanding whether the evolution is related to the 
software. If OCQ demonstrates a positive evolution, it is expected that CSUQ shows a good level 
of satisfaction with DOTS software. The contrary may also be a possible outcome, that is, a nega-
tive evolution in OCQ with a correspondent negative evolution in the CSUQ. However, if these 
two curves are not aligned, we can still conclude that software has no impact on the professionals’ 
commitment. Finally, using (TPCAT), we expect a result in line with OCQ.

Discussion

The number of different instruments identified in the literature was significant. When several 
instruments met the criteria, the number of publications, degree, and generality of use were the 
final factors for the decision. This applies to the HCAHPS, CSUQ, and OCQ. The number of 
instruments may be an adverse factor in the application of the protocol. Each instrument has 

Figure 2.  Feasible timeline application of the protocol.
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its own procedures and some are extensive. The number of steps is also considerable, but using 
validated instruments, most of them, already adapted and used in several geographies, allow 
us to minor the impact of Steps 2 and 3. The validity of the protocol relies on the validity of 
the instruments and on the standard procedures selected. It is a protocol that allows the prac-
titioners in the field to use the protocol to measure the impact of the software on the patients, 
professionals, and services. It is a complete 360° tool, but grounded in reliable and solid 
sources. Creating one single validated instrument and reducing the number of steps are the 
goals of future work.

Conclusion

The patients’ and healthcare professionals’ perspective is a key factor in the evaluation of the health-
care software. The protocol proposal represents a new approach to the problem of the evaluation of 
the software by patients and health professionals. Several existing studies use different instruments 
and different methodological approaches to evaluate patients’ and professionals’ satisfaction. 
Therefore, we can conclude the relevance of the development of an instrument, a model, and a meth-
odological approach that could be used in the evaluation of the impact of the healthcare software 
either on the patients’ satisfaction or on the professionals’ commitment. With a set of instruments 
and a set of steps and procedures organized in a protocol, it will be possible to define a way of stand-
ardizing the assessment of software for supporting DOTS. The steps allow the use of the protocol in 
different geographies, and the validated instruments reduce bias. Future studies should be designed 
to (1) identify the key determinant factors in the evaluation of the impact of a DOTS software for 
patients, healthcare professionals, and services; (2) develop and test a new instrument based on 
those factors and demonstrate its validity; and (3) propose a scale to determine the “good,” “bad,” 
and “fair” impact of a DOTS supporting software on the patients and professionals, allowing the 
comparison of different software applications.
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