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Abstract: 16 

Background:  Physicians’ compliance with clinical practice guidelines (CPG) remains insufficient. Guideline-17 

based clinical decision support systems (CDSSs) can be beneficial to address this challenge. The principal 18 

objective of this research is to translate the Global Initiative for Asthma guideline (GINA) into a mobile-based 19 

CDSS to improve its utilization as a clinical decision-making tool. 20 

Methods: Designing and development of our expert system were conducted in an iterative and stepwise approach 21 

by the multidisciplinary expert team. Translating and extracting the embedded knowledge in GINA was done 22 

according to the Knowledge to Action framework. Next, extracted knowledge was converted to decision tree 23 

models to design the knowledge-base of the desired system. The accuracy and proficiency of the expert system 24 

were calculated based on the predefined scenarios. The expert system usability was evaluated by the think-aloud 25 

protocol and the GUIDES questionnaire. 26 

Results: Based on the analysis of the GINA guideline, more than 220 rules and 336 knowledge statements were 27 

extracted. Our knowledge-based expert system was devised based on production rules. After modification with 28 

feedback from six experts, the system was developed in the Android platform. The overall accuracy and efficiency 29 

of our CDSS were 100% and 100%, respectively.  30 

Conclusion: The ginasthma mobile-based CDSS was developed for android smartphones to improve the 31 

adherence of health care providers to GINA guideline with high accuracy and efficiency. Further investigation is 32 

needed to evaluate the efficacy of this app in real practice. 33 

Keywords: Clinical decision support systems, Asthma, GINA, Guideline 34 
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Background: 36 

 Asthma is a complex multi-faceted condition encompassing a variety of phenotypes and endotypes with an 37 

estimated 300 million affected people worldwide[1]. Establish a proper treatment plan and timely diagnosis could 38 

control symptoms, reduce the risk of asthma attacks, and allow patients to return normal activities [2-4]. 39 

Regarding the complexity of its diagnosis and management, clinical practice guidelines (CPG) produced to 40 

enhance asthma care based on the best evidence to support clinicians in decision-making [2].  41 

In 1995, the Global Initiative for Asthma (GINA) guideline was published and has been updated annually as the 42 

principal guideline for clinicians to manage asthmatic patients based on the best current evidence. Despite 43 

tremendous efforts, the GINA strategy usually is not fully implemented in real practice [5, 6].  44 

Guidelines implementation is a complex process that is influenced by many factors, including the physician’s 45 

knowledge, attitudes, experiences and guidelines' properties[7]. Many guidelines have not been followed, even 46 

those that are widely accepted [8, 9]. In addition to other limiting factors to implementing CPG, paper-based 47 

guidelines are still time-consuming to read [10, 11]. Practical strategies are needed to address barriers to the 48 

implementation of clinical guidelines [9]. 49 

Adopting of paper-based clinical guidelines into routine practice is very slow. Given the dramatic advances in 50 

computer science in recent years, the clinical decision support systems (CDSSs) have been emerged to support 51 

the clinician in complicated decision-making processes [12, 13]. It has been considered as one of the best 52 

strategies to improve guideline compliance in routine clinical practice [14]. Implementing asthma management 53 

guidelines in the form of CDSS has been proposed to fill the gap between evidence and practice [15].  54 

Mobile-based health applications have the potential to enhance the acceptance of CPG and facilitate implementing 55 

CDSS in point of care [16, 17]. To improve the GINA adherence among physicians and healthcare providers and 56 

increase its accessibility, we decided to develop guideline-based CDSS on a mobile platform.  57 

The main objectives of this work were: (1) to translate the embedded knowledge in GINA guideline to CDSS 58 

platform, (2) to describe the process of design and development of our ginasthma application, (3) to evaluate the 59 

usability of our expert system. 60 



4 

 

Methodology 61 

GINA guideline 2019 was selected as the source of knowledge to be implemented. The iterative test-build-62 

redesign approach was applied in analysis, knowledge translation, development, evaluation, and redesign phases. 63 

It enabled us to get feedback from the experts and improve the performance and usability of our application.  The 64 

applied model of our methodology is shown in Fig 1. 65 

Setting: 66 

This study was conducted by Thoracic Research Center, Tehran University of Medical Sciences.  The expert team 67 

consists of four pulmonologists, one pharmacotherapist, and a medical informatics specialist. 68 

Analysis:  69 

First, a literature review was conducted to select the appropriate model and platform of the desired system. Then, 70 

the research requirements of this study, framework, and requirements of the expert system were derived from the 71 

paper-based GINA guideline by initial evaluation and qualitative analysis of the guideline. The findings were 72 

examined at different meetings with experts to identify the main sections that should be included in the mobile 73 

app. 74 

Knowledge translation:  75 

This study adopted the Knowledge to Action (KTA) conceptual framework was introduced by Graham (2006) to 76 

translate the GINA guideline [18]. This model suggested by Boulet et al. [19] as the best framework to translate 77 

GINA guideline. According to this model, the first step is knowledge creation. Knowledge inquiry and extraction 78 

were done based on in-depth analysis of guideline context. 79 

Recommendations and protocols of the guideline were extracted based on the predefined core elements of the 80 

system. Next, all of the protocols, concepts, and scenarios refined into structured algorithms. All of the necessary 81 

algorithms, processes, and actions translated into the machine-understandable format. Then, these scenarios were 82 

represented in the form of decision tree models by the knowledge engineer. Clinical experts verified all of the 83 

algorithms and decision tree models. To creating a knowledge-base (KB), the decision tree models were written 84 
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in the form of production rules or “if-then" structures. So, the expert system can interpret the results using the 85 

inference engine and the rules embedded in KB. 86 

CDSS development and programming: 87 

The CDSS, which we named the “ginasthma”, is an application that can be run on mobile devices. According to 88 

the popularity of Android applications across the world [20], The Android platform was chosen for CDSS 89 

development. We used Java Android language in the Visual Android studio platform. Based on the iterative 90 

approach that was considered in this study, programmers redesigned the different prototypes of the system with 91 

expert consultation to achieve the final goal. 92 

System evaluation: 93 

The usability and knowledge evaluation of our system were estimated by designing thirty-two scenarios regarding 94 

all possible conditions might occur in asthma management.  Each clinical scenario was defined as a hypothetical 95 

story that helps the person to imagine and think about a clinical problem or case easily [21].   96 

Knowledge and performance evaluation: 97 

The proficiency scores of algorithms were calculated by comparing the results of the designed decision models 98 

with the results obtained from the paper-based GINA using predefined scenarios. If the results were identical to 99 

the guidelines’recommendation, the module was scored “+1” but if the results were different the module was 100 

scored “-1”. The proficiency and efficiency values were calculated according to the following formulas[21]: 101 

Proficiency = 𝑆𝑢𝑚 𝑜𝑓 +1′s and  −1′s scores 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓  +1′s  102 

Efficiency = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 +1′s  𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓  choices 103 

Then sensitivity, specificity, and accuracy of our mobile-based app were calculated in this phase. 104 

Usability evaluation: 105 

The usability of our CDSS assessed in the two phases, heuristic evaluation, and questionnaire-based method. The 106 

heuristic evaluation was done based on the think-aloud protocol. Through the think-aloud strategy, users are asked 107 

to express aloud their suggestions when they are working with the system [22, 23]. By applying this method, the 108 

thoughts, interactions, and cognitions process are verbalized while the tasks are completed [24]. The usability 109 
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sessions were conducted by representing written scenarios that described patients with different conditions to 110 

participants [25, 26].  111 

Six participants were selected for usability testing[27]. The participants asked to work with all of the sections of 112 

the ginasthma app. After the tasks were terminated, the users were asked to say their recommendations to improve 113 

system performance and usability. Each session lasted between 20 and 30 minutes. All of the suggestions were 114 

recorded and written by the evaluator. 115 

After the think-aloud session, participants were asked to complete the Likert-based GUIDES checklist consists 116 

of 16-factors in four domains. This standard questionnaire was developed to support researchers to evaluate the 117 

effectiveness of CDSS systems in 2018. It evaluates context, content, system and implementation factors of the 118 

system [20].  119 

Results: 120 

The findings of this study led to devising a new expert system for on-site application of GINA guideline.  121 

Expert panel: 122 

The participants in this research consist of six experts whose demographic characteristics were represented in 123 

Table 1.  124 

Table 1. The demographic characteristics of the expert panel 125 

 
DATA FREQUENCY 

SPECIALTY 

Pulmonologists 4(67%) 

Pharmacotherapist 1(17%) 

Medical informatics specialist 1(17%) 

AGE 

30-40 1(17%) 

40-50 4(67%) 

>50 1(17%) 

EXPERIENCE 

<5 years 1(17%) 

5-10 years 2(33%) 

>10 years 2(33%) 

 126 

Analysis:  127 
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The key finding of the analysis phase is determining the “stand-alone and rule-based knowledge-base” model for 128 

developing our CDSS. In stand-alone CDSS, the physician voluntarily enters essential clinical information and 129 

the system interprets the results based on the entered data and the knowledge embedded into the system.  130 

Accordingly, the interactive and stepwise approach was selected to design the system as defined in requirements 131 

engineering. Seven main sections were identified based on the guideline content. These sections include initial 132 

diagnosis, determining the level of asthma control, exacerbation management, adjusting treatment, management 133 

of uncontrolled asthma, and differential diagnosis.  134 

To a better understanding of drug characteristics and easier access to useful drugs regarding asthma control, a 135 

separate section was dedicated to introducing medicines which are suggested by GINA guideline. Different drug 136 

groups and pharmaceutical information were considered in this section. The initial model of system is shown in 137 

Fig 2. 138 

Knowledge translation: 139 

Knowledge extraction: 140 

The embedded knowledge at the guideline was converted into decision tree models and algorithms. For each 141 

section and subsection that determined in the analysis phase, the decision trees and algorithms were designed 142 

separately. 143 

Textual contents of the GINA guideline were converted to knowledge statements to design decision tree models. 144 

In total, more than 336 knowledge statements were extracted. We extracted 45 statements in initial diagnosis, 18 145 

statements in the level of asthma control, 25 statements in exacerbation management, 65 statements in adjusting 146 

treatment, 85 statements in management of uncontrolled asthma, and 98 statements in differential diagnosis (in 147 

three age groups) sections.   Based on these extracted bits of knowledge, 28 decision tree models were designed. 148 

The two samples of algorithms and decision models of the GINA guideline are shown in Fig 3 and Fig 4. 149 

In this phase, the input and output of each category were determined. Since the most proper model of the output 150 

is a recommendation, the output of each algorithm based on the guideline was translated into recommendations. 151 
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In an iterative cycle, all of the extracted knowledge in the form of algorithms and decision trees assessed and 152 

refined through more than 13 focus group discussions to achieve the accurate decision model.  153 

Designing knowledge-base: 154 

The knowledge-base (KB) is the brainpower of the expert systems. It contains all of the rules and the essential 155 

facts. Based on the decision models, more than 220 rules were determined in this stage. The rules were extracted 156 

from the eight main sections based on the 28 decision models. In the following, some rules are represented: 157 

a. if   (((wheeze==true) or (shortness of breath==true)) and (symptoms variatin==true)) then related asthma symptoms=true 158 

b. if ((reliever needed==0) and (night symptoms==0) and (activity limitation==0) and (daytime symptoms==0)) then 159 

asthma=well controlled 160 

c. if (level of asthma control==1) && (treatment type==2) then Step up 161 

d. if ((reinfection==true) &&(productive cough==true)) then probability of bronchiectasis=1 162 

 163 

Most of the designed rules were devoted to the "differential diagnosis section (36%)". The least number of rules 164 

were devoted to "determine the level of asthma control section" (8%). However, in the asthma control section, 165 

twenty percent of the rules were repeated in adjusting treatment.  166 

CDSS design and Development: 167 

According to previous phases, the overall model of the system and process were designed based on the functional 168 

requirements. The overall model of the expert system is shown in Fig 5. After an expert team confirmed the 169 

obtained model, we entered the programming phase.  170 

The overall function of the system is described in the following. After logging on to the system, the user should 171 

select the desired section from the seven main parts of the system. In each section, according to defined scenarios, 172 

the user is asked to list the patient's clinical signs or symptoms among the existing items in the system. The system 173 

makes suggestions and recommendations to the physician using the combination of patient's information and 174 

embedded knowledge in its knowledge-base. In some cases, the user may be asked to do more actions to achieve 175 

the appropriate result. In CDSSs, the final decision should be made by physicians. 176 
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According to functional requirements and decision rules, the system was programmed by a software engineer. In 177 

the developmental phase, the different prototypes of the system were developed iteratively under expert 178 

supervision to achieve the best interface design and performance.  179 

Regarding developing a user-friendly system, the checklists and drop-down lists were utilized for entering signs 180 

and symptoms, and the results of each section are shown in the form of recommendations and alerts. 181 

To raise the smartness of our system, if the user needs to shift to another part of the program for better 182 

performance, the system will guide the user logically.  183 

Evaluation:  184 

 Knowledge evaluation: 185 

The scores of knowledge were calculated based on the standard formula. The overall proficiency and efficiency 186 

of the translated knowledge were 100% and 100%, respectively. The high efficiency showed that the developed 187 

algorithms were working in accordance with the guideline’s recommendations. High proficiency determines the 188 

powerful performance of an expert system.  189 

Evaluation of the performance and diagnostic characteristic:  190 

The gold standard in this evaluation was guideline recommendations. The sensitivity, specificity, and accuracy 191 

of the mobile-based app were 100%, 100%, and 100 %, respectively. The results and characteristics of the 192 

diagnostic tool based on the scenarios displays in Fig 6. 193 

Usability evaluation: 194 

The heuristic evaluation was done based on the think-aloud protocol in this phase. Thus, we can determine to 195 

what extent the system is usable in practice in addition to identify the user’s expectations. All of the recorded 196 

problems and errors that were found by the evaluator are classified and listed in Table 2.  197 

Table 2- The identified problems and recommendations through the think-aloud protocol 198 

The identified problems and suggestions The main sections or the subsections of the 

system 
Change comorbidity to combo box instead of a checklist Sign and symptoms 

Initial diagnosis 

Adding a description of comorbidity  Recommendation 
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Show the results of the assessment in different colors based on DX Results Determine the 

severity of asthma 

Determine risk factors in a different form Determine risk factors 

Stepwise treatment 

Representing additional information about allergens and risk factors Show additional 

information 

Used drugs can be shown in the form of checklists Determine treatment 

Show action plan based on peak flow meter and meaningful colors Action plan 

Show additional information in the pop-up box Recommendation Emergency situation 

Show results based on different age groups Age groups Differential DX 

 

Adding a different section in the main menu to show essential 

algorithms and needed images of GINA 

Images 
Extra section 

 199 

Heuristic evaluation continued with evaluating the effectiveness of our expert system using a questionnaire. The 200 

mean and standard deviation of the scores given to the GUIDES questions are represented in Appendix A. The 201 

total mean score of the survey was estimated at 6.30 (±0.36). The highest-rated domain of 16 items belonged to 202 

the “CDSS context” with 6.50. The mean score for “CDSS content” and “CDSS system usefulness” were 6.25, 203 

and 5.75, respectively. 204 

Discussion: 205 

Through this study, a clinical decision support system based on the GINA guideline was developed successfully 206 

by the researchers. To our knowledge, this study is the first attempt to implement the GINA into mobile-based 207 

CDSS in a stepwise approach. This study describes all of the phases related to designing, developing, and 208 

evaluating our system. The evaluation of embedded knowledge and system performance indicated that the 209 

developed application is quite following the GINA strategies.  210 

Recently, interest in using smart aid tools in disease management and control of chronic diseases has been 211 

increased because they can improve the possibility of early and accurate diagnosis. Additionally, The results of 212 

other studies support the idea of that CDSSs have the potential to enhance the adherence of physicians to CPG in 213 
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clinical practices. Recent evidence suggests that using health-IT based solutions could reduce the gap of adherence 214 

to GINA strategies[19].  215 

Despite the interest in CDSSs development regarding asthma in recent years, Matui et al. [28] believed that most 216 

developed CDSSs did not improve asthma outcomes because they rarely used during the actual clinical process. 217 

This problem might be due to they are not available all over time, and clinicians can’t utilize them in daily clinical 218 

practice. Thus, a mobile platform was selected in this study to improve its accessibility and portability. Moreover, 219 

we have no matter for technical installation based on the mobile-based platform. Additionally, according to WHO 220 

reports, mobile health interventions could strengthen clinical practices.  221 

The strength of this study lies in a structured methodology. The iterative approach applied in this study enabled 222 

the researchers to refine the system continuously. As noted by Trafton et al.[29], using the iterative process for 223 

developing CDSS leads to meet the expert’s expectations, and convert written CPG to an actionable expert system. 224 

This method was combined with the KTA model to achieve the best way to translate knowledge into action. 225 

Boulet believed that the KTA model could be the best strategy applied for translating knowledge of the GINA 226 

guideline [19]. Using expert consultation at all developmental stages is another strength of our study. Consulting 227 

with the multidisciplinary expert team led to various aspects of GINA guideline could be considered and analyzed. 228 

Went et al. believed that this is the best strategy to create convenient and user-friendly systems.[30]  229 

Most recently, Khalifa (2014) proposed the most notable strategies to ensure the success of the CDSS [31]. 230 

Therefore, we tried to follow the Khalifa's suggestions as much as possible during system development. In his 231 

view, providing valid information based on the scientific reference is the key factor to success in these systems. 232 

Our ginasthma app is based on GINA guideline as the principal guideline for management of  asthmatic patients 233 

based on the best current evidence. Another important strategy in ensuring the success of CDSS is providing 234 

accurate, valid, and reliable information in the most straightforward language. Together, we achieved seven out 235 

of ten success factors through this research. Utilizing a scientific approach based on merging the last medical 236 

informatics advances and clinical expertise could differentiate this study from similar studies. 237 
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Regarding the validation and accuracy of our system, using different evaluation methods at different levels 238 

ascertained the research team from the validity of the invented algorithms, and the robust performance of CDSS. 239 

Furthermore, defining different scenarios based on real patient cases with various clinical conditions has enabled 240 

us to evaluate the accuracy and specificity of the system. Patient-based clinical scenarios could mimic real patient 241 

cases and help researchers to test different situations [32]. So, examining and evaluating the significant parts of 242 

the system is possible. Regarding its high accuracy and high efficiency,  ginasthma app could be expected to use 243 

in routine clinical practice by healthcare providers.  244 

This study is encountered by some limitations. The expert panel is limited to six experts. However, we benefited 245 

from experienced healthcare professionals. Pulmonologists have participated in this survey had more than ten 246 

years of experience in asthma management. Also, the expert system is not implemented in a real clinical 247 

environment. Further investigation is needed to evaluate the efficacy of this app in real patients to assess its actual 248 

performance in routine practice. 249 

 Conclusion: 250 

The present study is an attempt to improve the adherence of health care providers to the GINA guideline by 251 

developing a mobile based CDSS. Expert system knowledge was evaluated to determine whether the knowledge 252 

of the algorithms and decision models are in accordance with the knowledge of the paper-based guideline. The 253 

results showed the high accuracy of our system in accordance with the GINA guideline. This expert system can 254 

deliver the GINA recommendations to users based on the entered patient’s signs and symptoms without 255 

limitations of time and space. Additionally, it can decrease the complexity of clinical decision making in asthma 256 

management. 257 

List of abbreviations 258 

CPG: Clinical practice guideline 259 

CDSS: Clinical decision support systems  260 

GINA: Global Initiative for Asthma guideline  261 

KTA: Knowledge to Action  262 



13 

 

References: 263 

1. Carlton BG, Lucas DO, Ellis EF, Conboy-Ellis K, Shoheiber O, Stempel DA: The Status of Asthma Control and Asthma 264 

Prescribing Practices in the United States: Results of a Large Prospective Asthma Control Survey of Primary Care 265 

Practices. Journal of Asthma 2005, 42(7):529-535. 266 

2. Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW, Casale TB, Chanez P, Enright PL, Gibson PG, de Jongste 267 

JC et al: A new perspective on concepts of asthma severity and control. Eur Respir J 2008, 32(3):545-554. 268 

3. Janson C, Lisspers K, Ställberg B, Johansson G, Thuresson M, Telg G, Larsson K: Prevalence, characteristics and 269 

management of frequently exacerbating asthma patients: an observational study in Sweden (PACEHR). 270 

European Respiratory Journal 2018, 52(2):1701927. 271 

4. Dharmage SC, Perret JL, Custovic A: Epidemiology of Asthma in Children and Adults. Front Pediatr 2019, 7:246-272 

246. 273 

5. Boulet L-P, Reddel HK, Bateman E, Pedersen S, FitzGerald JM, O'Byrne PM: The Global Initiative for Asthma 274 

(GINA): 25 years later. European Respiratory Journal 2019, 54(2):1900598. 275 

6. Nguyen VN, Nguyen QN, Le An P, Chavannes NH: Implementation of GINA guidelines in asthma management by 276 

primary care physicians in Vietnam. Int J Gen Med 2017, 10:347-355. 277 

7. Baiardini I, Braido F, Bonini M, Compalati E, Canonica GW: Why do doctors and patients not follow guidelines? 278 

Current opinion in allergy and clinical immunology 2009, 9(3):228-233. 279 

8. Upshur RE: Do clinical guidelines still make sense? No. The Annals of Family Medicine 2014, 12(3):202-203. 280 

9. Barth JH, Misra S, Aakre KM, Langlois MR, Watine J, Twomey PJ, Oosterhuis WP: Why are clinical practice 281 

guidelines not followed? Clin Chem Lab Med 2016, 54(7):1133-1139. 282 

10. Seroussi B, Bouaud J, Sauquet D, Giral P, Cornet P, Falcoff H, Julien J: Why GPs do not follow computerized 283 

guidelines: an attempt of explanation involving usability with ASTI guiding mode. Stud Health Technol Inform 284 

2010, 160(Pt 2):1236-1240. 285 

11. Fischer F, Lange K, Klose K, Greiner W, Kraemer A: Barriers and Strategies in Guideline Implementation—A 286 

Scoping Review. Healthcare 2016, 4(3):36. 287 

12. Ajami S, Amini F: Evaluate the ability of clinical decision support systems (CDSSs) to improve clinical practice. 288 

Medical archives (Sarajevo, Bosnia and Herzegovina) 2013, 67(2):126-130. 289 

13. Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker KI: An overview of clinical decision support 290 

systems: benefits, risks, and strategies for success. npj Digital Medicine 2020, 3(1):17. 291 

14. Sarkar IN: Biomedical informatics and translational medicine. Journal of Translational Medicine 2010, 8(1):22. 292 

15. Fathima M, Peiris D, Naik-Panvelkar P, Saini B, Armour CL: Effectiveness of computerized clinical decision support 293 

systems for asthma and chronic obstructive pulmonary disease in primary care: a systematic review. BMC Pulm 294 

Med 2014, 14:189. 295 

16. Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, Patel V, Haines A: The Effectiveness of Mobile-Health 296 

Technologies to Improve Health Care Service Delivery Processes: A Systematic Review and Meta-Analysis. PLOS 297 

Medicine 2013, 10(1):e1001363. 298 

17. Wilhide Iii CC, Peeples MM, Anthony Kouyate RC: Evidence-Based mHealth Chronic Disease Mobile App 299 

Intervention Design: Development of a Framework. JMIR Res Protoc 2016, 5(1):e25. 300 

18. Graham ID, Logan J, Harrison MB, Straus SE, Tetroe J, Caswell W, Robinson N: Lost in knowledge translation: Time 301 

for a map? Journal of Continuing Education in the Health Professions 2006, 26(1):13-24. 302 

19. Boulet L-P, FitzGerald JM, Levy ML, Cruz AA, Pedersen S, Haahtela T, Bateman ED: A guide to the translation of 303 

the Global Initiative for Asthma (GINA) strategy into improved care. European Respiratory Journal 2012, 304 

39(5):1220-1229. 305 

20. Businge J, Openja M, Kavaler D, Bainomugisha E, Khomh F, Filkov V: Studying android app popularity by cross-306 

linking github and google play store. In: 2019 IEEE 26th International Conference on Software Analysis, Evolution 307 

and Reengineering (SANER): 2019: IEEE; 2019: 287-297. 308 

21. Choi J, Bakken S: Creation of a gold standard for validation of a computer-interpretable depression screening 309 

guideline. Studies in health technology and informatics 2006, 122:95. 310 

22. Cho H, Powell D, Pichon A, Kuhns LM, Garofalo R, Schnall R: Eye-tracking retrospective think-aloud as a novel 311 

approach for a usability evaluation. International journal of medical informatics 2019, 129:366-373. 312 



14 

 

23. Yen P-Y, Bakken S: Review of health information technology usability study methodologies. Journal of the 313 

American Medical Informatics Association 2011, 19(3):413-422. 314 

24. Mazaheri Habibi MR, Khajouei R, Eslami S, Jangi M, Ghalibaf AK, Zangouei S: Usability testing of bed information 315 

management system: A think-aloud method. J Adv Pharm Technol Res 2018, 9(4):153-157. 316 

25. van Beukering M, Velu A, van den Berg L, Kok M, Mol BW, Frings-Dresen M, de Leeuw R, van der Post J, Peute L: 317 

Usability and Usefulness of a Mobile Health App for Pregnancy-Related Work Advice: Mixed-Methods 318 

Approach. JMIR Mhealth Uhealth 2019, 7(5):e11442-e11442. 319 

26. Richardson S, Mishuris R, O'Connell A, Feldstein D, Hess R, Smith P, McCullagh L, McGinn T, Mann D: "Think aloud" 320 

and "Near live" usability testing of two complex clinical decision support tools. International journal of medical 321 

informatics 2017, 106:1-8. 322 

27. Albert W, Tullis T: Measuring the user experience: collecting, analyzing, and presenting usability metrics: 323 

Newnes; 2013. 324 

28. Matui P, Wyatt JC, Pinnock H, Sheikh A, McLean S: Computer decision support systems for asthma: a systematic 325 

review. NPJ Prim Care Respir Med 2014, 24:14005. 326 

29. Trafton JA, Martins SB, Michel MC, Wang D, Tu SW, Clark DJ, Elliott J, Vucic B, Balt S, Clark ME et al: Designing an 327 

automated clinical decision support system to match clinical practice guidelines for opioid therapy for chronic 328 

pain. Implementation Science 2010, 5(1):26. 329 

30. Went K, Antoniewicz P, Corner DA, Dailly S, Gregor P, Joss J, McIntyre FB, McLeod S, Ricketts IW, Shearer AJ: 330 

Reducing prescribing errors: can a well-designed electronic system help? Journal of evaluation in clinical practice 331 

2010, 16(3):556-559. 332 

31. Khalifa M: Clinical Decision Support: Strategies for Success. Procedia Computer Science 2014, 37:422-427. 333 

32. Weldon DLM, Kowalski R, Schubel L, Schuchardt B, Arnold R, Capan M, Blumenthal J, Franklin E, Catchpole K, Jacob 334 

Seagull F et al: Signaling Sepsis Scenario Development and Validation. Proceedings of the Human Factors and 335 

Ergonomics Society Annual Meeting 2018, 62(1):615-619. 336 

 337 

Declarations: 338 

Ethics approval: 339 

The study protocol was reviewed and approved by the ethical committee at the Tehran University of medical 340 

sciences (IR.TUMS.VCR.REC.1397.115). 341 

Consent for publication 342 

Not applicable. 343 

Competing interests 344 

The authors declare that they have no competing interests. 345 

Funding:  346 

This project was funded by Tehran University of Medical Sciences (No: 96-04-211-37171).  347 

Authors' contributions: 348 



15 

 

H.A, M.G, and M.A contributed to the conception and design of the project. M.G and M.A extracted knowledge 349 

of the guideline and analyzed it. M.G and S.A designed the algorithms, decision models by H.A consultation. 350 

H.A and S.A validated the decision models. M.G implemented guideline application and knowledge-base.  H.A, 351 

S.A, and M.G evaluated the expert system. The final application evaluated by all M.G, M.A, H.A, and S.A. H.A, 352 

M.G and S.A drafted the manuscript, and all authors reviewed, provided input, and approved the final manuscript. 353 

Acknowledgments: 354 

The authors also thank all the experts of expert panel. 355 

Author information: 356 

Marsa Gholamzadeh, Hamidreza Abtahi, Shahideh Amini, Mehrnaz Asadi Gharabaghi 357 

Affiliations: 358 

Health Information Management Department, School of Allied Medical Sciences,Tehran University of Medical 359 

Sciences - Tehran , Iran. 360 

Marsa Gholamzadeh 361 

Pulmonary and Critical Care Department, Thoracic Research Center, Imam Khomeini Hospital, Tehran 362 

University of Medical Sciences – Tehran, Iran 363 

Hamidreza Abtahi, Mehrnaz Asadi Gharabaghi 364 

Clinical Pharmacy Department, Faculty of Pharmacy, Tehran University of Medical Sciences – Tehran, Iran. 365 

Shahideh Amini 366 

Corresponding author 367 

Correspondence to Hamidreza Abtahi. 368 

Availability of data and materials 369 

All data generated or analysed during this study are included in this published article and its supplementary 370 

information files. 371 

 372 



16 

 

  373 



17 

 

Figure Legends: 374 

Fig 1. The methodology model of guideline-based CDSS 375 

Fig 2. The main sections of the GINA mobile app 376 

Fig 3. The decision model of initial diagnosis of asthma  377 

Fig 4. The decision tree of differential diagnosis of asthma for 6-11 years patients 378 

Fig 5.  The overall model of the system 379 

Fig 6. The diagnostic characteristic of ginasthma app 380 

 381 

 382 



Figures

Figure 1

The methodology model of guideline-based CDSS



Figure 2

The main sections of the GINA mobile app



Figure 3

The decision model of initial diagnosis of asthma



Figure 4

The decision tree of differential diagnosis of asthma for 6-11 years patients



Figure 5

The overall model of the system



Figure 6

The diagnostic characteristic of ginasthma app

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

AppendixA.docx

https://assets.researchsquare.com/files/rs-25364/v1/AppendixA.docx

