
1

1 Developing and validation of a questionnaire for assessment 

2 of individual's perceived risk of four major non-

3 communicable diseases in Myanmar

4

5 Kyaw Swa Mya1¶*, Ko Ko Zaw2&, Khay Mar Mya3&

6 1Department of Biostatistics and Medical Demography, University of Public Health, Yangon

7 2University of Community Health, Magway

8 3University of Public Health, Yangon

9 Current address: University of Public Health, No.246, Corner of Myo-Ma-Kyaung Road and Bogyoke 

10 Road, Latha Township, Yangon Region, Myanmar, 11131

11

12

13 *Corresponding author: Dr. Kyaw Swa Mya

14 Email: kyawswamya@gmail.com

15 ¶The author contributed mainly to this work.

16 &These authors contributed equally to this work

17

18

19

20

21

22

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


2

23 Abstract

24 The adopting healthy life styles are greatly influenced by individual's perceived risk of developing non-

25 communicable diseases (NCDs). This study aimed to develop and validate a questionnaire that can assess 

26 the individual's perceived risk of developing four major NCDs. Exploratory sequential mixed methods 

27 design was used. Qualitative part developed the question items pool by conducting two expert panels 

28 while quantitative part validated the questionnaire using both exploratory (EFA) and confirmatory factor 

29 analysis (CFA). Separate samples were used for EFA (n=150) and CFA (n=210). The participants were 

30 aged between 25-60 years of both sexes with no known history of NCDs. Face to face interview was 

31 conducted. Parallel analysis was done to decide the number of factors to be extracted. EFA was done 

32 using maximum likelihood method with Promax rotation to extract the underlying factors of perceived 

33 risk while CFA was done to assess the goodness of fit of proposed EFA Model using model fit indices. 

34 Based on literature search, 86-item questionnaire was firstly generated. During two expert panels, some 

35 overlapped items and items that did not represent the specific construct were removed. Experts made sure 

36 the content validity of developed 51-item questionnaire which was used to collect data from 360 

37 participants. EFA revealed the five factors model with 22 high loading items which extracted 54% of total 

38 variance. CFA proved that hypothesized five factors model of 21-item questionnaire (one item was 

39 removed due to low loading) was satisfied with adequate psychometric properties and model fit indices 

40 (RMSEA=0.056, CFI=0.921, TLI=0.908, SRMR=0.063 & χ2/df=1.66). Developed 21-item questionnaire 

41 was shown to be valid and reliable to assess the perceived risk of developing NCDs among Myanmar 

42 population. Further research should be conducted to assess on the utility of the questionnaire in mismatch 

43 between risk perception and current risk and individualized counseling for behaviour change 

44 communication.

45 Keywords: Perceived risk, non-communicable diseases, exploratory factor analysis, confirmatory factor 

46 analysis, Myanmar
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47 Introduction

48 The World Health Organization (WHO) estimates that non-communicable diseases (NCDs) was 

49 responsible for 41 million people death in each year and accounts 71% of all deaths globally [1]. NCDs 

50 become the major public health problems for developing countries such as Myanmar and it has been 

51 recognized as a major challenge to achieve sustainable development goals. The WHO also states that 8.5 

52 millions of lives are estimated to be lost due to NCDs in the South East Asia Region [2]. Myanmar, as 

53 one of 23 high burden countries with respect to NCDs [3] encountered a significant burden of NCDs and 

54 high potential to increase in exposure to risk factors associated with key NCDs in future [4]. The WHO 

55 2nd Global Status report on NCDs estimated that more than 50% of total deaths in Myanmar are accounted 

56 to NCDs and the probability of dying from one of the 4 major NCDs (Cardiovascular diseases (CVDs), 

57 Diabetes, Cancer and Chronic respiratory diseases) was about 24% in people aged 30 to 70 years. The 

58 report highlights a growing concern of several risk factors for NCDs including hypertension and 

59 overweight/obesity. It also pointed out that Myanmar had an increase in premature death from causes 

60 attributable to NCDs over the period between 1990 and 2010 [5]. According to the STEP survey in 

61 Myanmar (2014), among the people aged 40-64 years, 12% had already had one kind of CVDs or a high 

62 level (i.e., ≥30%) of 10-year CVDs risk. Nine out of 10 respondents had at least one NCDs risk factor and 

63 one out of five respondents had 3-5 risk factors in combination. These findings supported the national 

64 concern of growing several risk factors for NCDs in Myanmar [6]. 

65 NCDs are diseases that related to individual's behavior. Most of the risk factors were modifiable. 

66 The potential to take necessary preventive measures for a particular disease was greatly influenced by 

67 individual's perceived risk of developing these diseases [7]. Hence individual’s perception of developing 

68 disease or the belief of getting an adverse event among them is more important to adopt healthy lifestyle 

69 regardless of actual risk of developing these diseases [8]. For those at high risk, an accurate understanding 

70 of risk can realize patients to identify and adopt relevant lifestyle changes and follow the required 

71 preventive interventions that can lead to a better health-related quality of life [9–11]. For those at low or 
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72 average risk, accurate risk perception can reduce anxiety and do not need to follow unnecessary 

73 sophisticated intervention [12].

74 Hence exploring the individual's perception on developing NCDs using a standardized and 

75 validated tool specific to country context is necessary to combat the current increasing trend of NCDs risk 

76 factors in Myanmar. The best way to measure individual's perception on developing NCDs is using a 

77 questionnaire since it is widely used by many researchers due to easy, cheap and its significant role in 

78 epidemiological data collection. Moreover, it is widely used as a research tool in public health surveys, 

79 especially in studies with large sample size, enabling statistical analysis that will give more power 

80 compared to other methods [13]. However, there are no standardized and validated questionnaires that can 

81 measure the perceived risk of developing NCDs in Myanmar. Hence, this study aims to develop and 

82 validate a questionnaire that can assess the individual's perceived risk of developing four major NCDs 

83 within country specific socio-economic context.  

84

85 Materials and methods

86 The study used exploratory sequential mixed methods design and was conducted by 6 phases – 3 phases 

87 in qualitative approach and 3 phases in quantitative approach.

88 Qualitative approach (Questionnaire development)

89 Phase 1. Conceptualization of constructs

90 This phase was started with reviewing the literature concerning with perceived risk based on health 

91 behavioral models. The study used the constructs of Health Belief Model (HBM) [14] – perceived 

92 susceptibility, perceived severity, perceived benefits, perceived barriers, perceived self-efficacy and 

93 perceived cues to action (behavioural change intention) to develop the questionnaire items pool for 

94 assessing the perceived risk of  major NCDs since it was simple, effective and most popular behavior 

95 model.
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96 Phase 2. Item generation (draft questions) and modification of questions by 

97 expert panel (Delphi method) to obtain satisfactory content validity

98 Initial item pool was generated from previous national and international researches, articles, conference 

99 papers by searching online, libraries and other available sources. Then two expert panels were conducted 

100 using Delphi method to ensure content validity of selected item pool. The experts were invited to take part 

101 voluntarily in this research project. The experts checked the items whether these items should be included 

102 or not in item pool and they also added item that should be included in item pool. Four point Likert scale 

103 was used for each selected item in the questionnaire to collect data from respondents.  

104 Phase 3. Pilot testing to modify questionnaires to obtain satisfactory face 

105 validity

106 To ensure its comprehensibility and readability, pretest was done among 15 people aged 25 to 60 years of 

107 both sexes who had no known NCDs and were able to read and understand Burmese (Myanmar language) 

108 very well. Moreover, participants had been asked to respond to questions about clarity, content, 

109 appropriateness, and format of questionnaire items. Before final data collection, the questions were edited 

110 according to the participants' suggestions to make sure translational validity (face validity).

111

112 Quantitative approach (Questionnaire Validation)

113 Phase 4. Data collection and item purification by exploratory factor analysis 

114 (Questionnaire development)

115 A total of 360 participants, aged 25 to 60 years of both sexes without known NCDs were selected by 

116 consecutive sampling from outpatient department of Yangon General Hospital, North Okkalapa General 

117 Hospital and other teaching hospitals from Yangon region from September to December, 2019. The 

118 participants were patient's attendants, workers and office staff who met with inclusion criteria. After 
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119 getting informed consent, data was collected using pretested questionnaires at room or place where 

120 privacy was ensured. After data collection, the study provided health education pamphlets (Standardized 

121 Health Messages book, MOHS, Page no. 139, 140, 141) regarding to NCDs prevention to all participants 

122 [15]. These participants were randomly split into two groups – 150 participants for exploratory factor 

123 analysis (EFA) and 210 participants for confirmatory factor analysis (CFA).

124 The major objective of this phase was to reduce the number of items and evaluate the robustness 

125 of the intended items. Univariate analysis was done among 150 participants to assess item facility and 

126 item discrimination to ensure the selected items were appropriate for EFA. Items with reverse scoring 

127 were recoded to get conceptual direction of the construct. Whether items were answered in the same 

128 direction was examined using the facility index—approached extreme scores or had a low SD. To assess 

129 whether the sample size was adequate and the collected items were appropriate for EFA, Kaiser-Meyer-

130 Olkin (KMO) measure of sampling adequacy and a Bartlett’s test of sphericity (Observed correlation 

131 matrix was not identical matrix) were assessed [16].

132 To determine the factorial structure of the questionnaire and which items together constituted a 

133 particular construct, an EFA—a widely used technique in exploring theoretical construct was used [17]. 

134 EFA was done using maximum likelihood factor extraction method with Promax rotation. Parallel 

135 analysis – the method compares the Eigenvalue obtained from the data matrix to the eigenvalues 

136 generated from a Monte-Carlo simulated matrix created from random data of the same size was done to 

137 determine the optimum number of factors to be extracted [18]. Parallel analysis scree plot was used to 

138 visualize the number of factors needed to be extracted. A number of iterations of EFA were carried out to 

139 constitute core items in each factor. Items were assessed in discriminating between participants’ responses 

140 to the questionnaire’s constructs i.e. latent factors (perceived susceptibility, perceived severity, perceived 

141 benefits, perceived barriers, perceived self-efficacy and perceived behavioural change intention). 

142 Discrimination of items was measured by inter-factors correlation and if the study found some factors 

143 were strongly correlated i.e. >0.7, EFA was rerun only with items of these factors to identify the item that 

144 correlated with both factors. The item correlated with both factors was removed to increase discriminant 
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145 validity. The items were extracted based on not only factor loading but also interpretability of the factors. 

146 Items with low factor loading <0.40 and cross-loading with the difference below 0.2 were removed at 

147 each step of iteration [19].  

148 Phase 5. Reliability of the questionnaire

149 Internal consistency (reliability) of each latent factor was tested for developed questionnaires by 

150 Cronbach's alpha (α) coefficient and α ≥0.70 indicates good reliability [20]. The items that affect the 

151 reliability of latent factors were removed to get reliable factor. EFA was rerun excluding every item 

152 deleted for reliability reasons to get final EFA model.

153 Phase 6. Confirmatory factor analysis to check constructs validity 

154 (Questionnaire development)

155 To statistically confirm the EFA proposed perceived risk constructs on developing the NCDs, CFA was 

156 done using the remaining 210 participants' data by assessing the convergent and discriminant validity of 

157 the constructs [21] and model fit measures using Structural Equation Modeling (SEM) technique. Model 

158 fit statistics such as root mean square error of approximation (RMSEA <0.08), comparative fit index (CFI 

159 >0.9), Tucker Lewis index (TLI>0.9), relative chi-square (χ2 /df <3), coefficient of determination 

160 (CD>0.95) and standardized root mean square residual (SRMR ≤0.08) were used to assess the model 

161 fitness [22]. Construct reliability was also assessed and reliability ≥0.7 indicates good reliability. All 

162 analyses were done using STATA (Version 15.1).

163

164 Results

165 Development of question items pool (Qualitative Phase)

166 Figure 1 shows the sequential development of final 21-item questionnaire from 86-item questions pool 

167 (Both questionnaire development and validation phase). Thorough literature review was done on PubMed, 
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168 Google scholar to identify the items that can assess perceptions of non-communicable diseases. A total of 

169 86-item questionnaire (S1 Table) was developed based on validated questionnaires that found in literature 

170 [13,23] and formulation of new items based on behavioral theory and Myanmar culture. These 

171 questionnaires were adapted appropriately to address Myanmar's culture and tradition since the original 

172 items were not intended for assessing perceived risk on developing major NCDs among Myanmar 

173 population. Moreover, some items were formulated not only to accordance with the constructs of HBM 

174 but also to reflect country's traditional beliefs and customs. Among 86-item questionnaire, 25 items were 

175 related to perceived susceptibility of disease, 9 items for perceived severity, 9 items for perceived benefit, 

176 12 items for perceived barrier, 11 items for self-efficacy and 20 items for behavioral change intention.

177 To check the content validity, two expert panels were conducted with 10 experts including 

178 Clinician, Public Health specialists, Epidemiologists, Health policy expert, Social scientist, Demographer, 

179 Public health administrator, experienced researcher on NCDs. During 1st expert panel, experts assessed 

180 the 86-item questionnaire using predefined 3 responses i.e. not at all representative, somewhat 

181 representative, or clearly representative. Among 86 items, 10 items (Item number 8, 9, 11, 13, 16, 20, 29, 

182 32, 48 and 84) were removed for not getting consensus as clearly representative by more than 60% of 

183 experts. (S1 Table)

184 During 2nd Delphi round, the experts noticed that some items group had similar meaning; 

185 therefore, these issues were resolved by taking consensus among experts to choose items that definitely 

186 reflect the perceived risk on developing major NCDs for specific construct. Among items of perceived 

187 susceptibility construct, five item groups (1, 4, 6, 7), (2, 21, 22, 23, 24, 25), (3, 17), (10, 14, 15, 16) and 

188 (18, 19) had similar meanings. Hence, experts agreed to select items (4, 6) from 1st group, (22, 23, 24) 

189 from 2nd group, (3) from 3rd group, (10, 15) from 4th group and (18) from last group. An expert also 

190 pointed out to remove item-15 since it was not concerned with susceptibility. Regarding to perceived 

191 severity items, two items (26, 33) had similar meaning so experts selected only item 26 to include in the 

192 final questionnaire. In perceived benefit items, experts agreed to select items 35 and 39 from two item 

193 groups (35, 38) and (36, 39). No similar issue was found in perceived barrier domain. Among self-
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194 efficacy items, item numbers (56, 60, 61) were similar. After taking consensus among experts, they 

195 agreed to retain only two items 60 and 61. They removed item 58 since this item was intended only to 

196 assess general preventive measures of NCDs and many items that assess specific preventive measures 

197 were already included in questionnaire. Regarding to behavioural change intention items, six item groups 

198 (67, 73, 76, 80), (68, 70), (69, 71, 79), (74, 78), (72, 75, 77, 81), (82, 83) had similar meanings, hence, 

199 they selected only items 67, 68, 71, 74, 75 and 82 from these groups. The experts also removed item 85 

200 due to item itself was not related to perceived risk of NCDs. The items which are specific and not similar 

201 with other items in respective constructs were remained in the questionnaire. After 2nd expert panel, 51-

202 item questionnaire – 10 items in perceived susceptibility, 6 items in perceived severity, 7 items in 

203 perceived benefit, 11 items in perceived barrier, 9 items in self-efficacy and 8 items in behavioural change 

204 intention constructs, was developed and assured content validity by experts. Experts also revised and 

205 edited the wording of the items and sequencing of items to make sure understandability. Pretest was also 

206 done among 15 people aged 25-60 years, of both sexes and middle to graduate education level to assess 

207 the clarity and readability of developed 51-item questionnaire (S2 Table). Further modifications of 

208 wording of the items were done according to pilot testing results and suggestions not only from the 

209 participants but also from the interviewers to assure face validity.

210 Figure 1. Questionnaire development and validation process

211

212 Questionnaire validation (Quantitative part)

213 To validate the developed questionnaire, the collected sample of 360 participants was randomly split into 

214 two separate samples. A sample of 150 participants was used for exploratory factor analysis and another 

215 sample of 210 participants was used for confirmatory factor analysis. Univariate analysis of the items was 

216 done and it was found that all the items' means were ranged from 1.9 to 3.5 and their standard deviations 

217 were ranged from 0.5 to 1. The study also assesses the normality measure of the items and the results 

218 proved that there was no problem with skewness but kurtosis was existed among the items (S3 Table).
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219 Before doing EFA, the study tested the two important assumptions of EFA i.e. Sampling 

220 Adequacy (KMO) to assess the adequacy of sample size and Bartlett's test of sphericity to make sure the 

221 items were adequately correlated each other for EFA. KMO measure indicated the sampling adequacy 

222 since KMO value was greater than 0.7 (KMO=0.783). Bartlett's test of sphericity test rejected the null 

223 hypothesis that correlation matrix was identical (P<0.001). Hence all assumptions were met and EFA 

224 analysis was done.

225 The study was based on health belief model to assess the perceived risk on developing non-

226 communicable diseases, hence; questionnaire items were developed based on 6 constructs (latent factors) 

227 – perceived susceptibility, perceived severity, perceived benefit, perceived barrier, perceived self-efficacy 

228 and behavioural change intention. To decide the number of factor to be extracted from the EFA sample, 

229 parallel analysis which compares the Eigenvalue generated from the data matrix to the eigenvalues 

230 generated from a Monte-Carlo simulated matrix created from random data of the same size was done and 

231 the results were presented in Scree Plot (Figure 2). Parallel analysis proved that 5 factors (constructs) 

232 solution was the best for the EFA analysis since the simulated results cross the actual results between 

233 factor 5 and 6. 

234 Figure 2. Parallel analysis Scree plot for decision on numbers of factors to be extracted

235

236 Exploratory factor analysis

237 EFA was done using maximum likelihood factor extraction method with Promax rotation with Kaiser 

238 Normalization. The first EFA output revealed that among 51 items, 10 items loaded in factor 1, nine items 

239 loaded in factor 2, nine items in factor 3, eight items in factor 4 and seven items in factor 5. Among these 

240 items, item sus_1 and sus_2 cross loaded in factor 3 and 5; and item intent_6 cross loaded in factor 1 and 

241 4 (S4 Table – Pattern matrix 1). To get clean and theoretical meaningful results, the cross loading items 

242 were removed from EFA one after another and repeated EFA again. First, sus_2 was removed since the 

243 difference between two cross loadings was lowest and reanalyzed EFA again. Then sus_1 was removed 
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244 and EFA was run again. During this analysis, previously unloaded item sus_4 was cross loaded between 

245 factor 2 and 5 with the difference loading 0.075 so this item was removed and reanalyzed again. After 

246 removal of intent_6, there was no more cross loading but two barrier items (bar_1, bar_2) were loaded 

247 together with behavioural change items and one behavioural change item (intent_8) was also loaded with 

248 barrier items. To get reasonable and theoretically interpretable constructs, these items were removed and 

249 rerun EFA again. After these item purification steps, eight self-efficacy items were loaded in factor 1, six 

250 benefit items and two severity items were loaded together in factor 2, eight barrier items loaded in factor 

251 3, five behavioural change items loaded in factor 4 and; five susceptibility items loaded in factor 5. 

252 Factors were named according to loading items i.e. perceived self-efficacy (PerEffi) for factor 1, 

253 perceived benefit (PerBene) for factor 2, behavioural change intention (PerIntent) for factor 3, perceived 

254 susceptibility (PerSus) for factor 4 and perceived barrier (PerBar) for factor 5 (S4 Table – Pattern matrix 

255 2).

256 To get reliable construct, reliability analysis was done for each factor using Cronbach's alpha and 

257 some items that affected the reliability of factors were removed to increase the reliability. For PerSus 

258 factor, alpha value for five items was 0.774 and removing item sus_3 increased alpha to 0.792. For 

259 PerBene factor, alpha for eight items was only 0.670 and removal of item bene_1, seve_3 and seve_4 

260 increased alpha to 0.831. Alpha value of PerBar was 0.757 using eight barrier items and that of PerEffi 

261 was 0.837 for eight efficacy items. PerIntent factor's reliability was found to be 0.846 with five 

262 behavioural change intention items. Removing items to increase the reliability of factors affects the 

263 loading of factors so EFA was done again and again for removal of every item for reliability reason and 

264 the final EFA results were presented in Table 1. The main objective of this study was not only to develop 

265 the questionnaire but also to validate the questionnaire using confirmatory factor analysis (Structural 

266 Equation Modeling technique), hence, only the items with loading above >0.5 were included in the final 

267 model. The reliabilities of each latent factor were recalculated for the final model and the results were 

268 presented with factor loadings and percentage of variance extracted by each factor (Table 1).

269
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270 Table 1. Factor loading results from exploratory factor analysis (22 items) and internal reliability of 

271 the factors

Factor
Item PerEffi PerBene PerIntent PerSus PerBar Communalities

effi_7 .809 -.124 .055 -.067 .020 .624
effi_8 .742 .170 -.118 -.105 .039 .578
effi_9 .686 -.069 .141 -.041 -.050 .535
effi_2 .664 -.072 .055 .074 -.111 .500
effi_3 .558 -.020 .098 .122 -.022 .371
effi_6 .535 .250 -.137 .069 .054 .363
bene_3 .024 .724 .116 -.051 .140 .669
bene_2 .051 .720 .026 -.081 .208 .617
bene_7 .107 .709 -.177 .210 -.176 .488
bene_5 -.088 .646 .114 -.014 -.135 .500
bene_4 -.053 .626 .180 -.069 -.081 .554
intent_3 .109 -.085 .862 .042 .026 .711
intent_2 .163 .021 .750 .009 .063 .664
intent_4 -.132 .142 .689 .079 -.143 .589
intent_1 -.046 .143 .658 -.053 .048 .550
sus_5 .023 -.053 .018 .745 .047 .570
sus_6 -.096 -.060 .004 .736 .056 .569
sus_8 .105 .038 -.093 .691 .036 .523
sus_10 -.017 .074 .153 .640 -.027 .413
bar_4 .028 -.070 .001 -.015 .768 .577
bar_7 -.141 .089 .140 .072 .619 .458
bar_5 .024 -.029 -.166 .081 .553 .383
Cronbach's α .834 .831 .854 .792 .683
% of variance 23.405 11.004 9.994 5.258 4.005
Cumulative % 23.405 34.409 44.403 49.662 53.667

272 PerEffi= Perceive self-efficacy, PerBene=Perceived benefit, PerIntent= Perceived behavioural change intention, PerSus= 
273 Perceived susceptibility, PerBar= Perceived barrier, CR= Construct reliability

274 Table 1 describes the factor loading results of final exploratory factor analysis and it was shown 

275 that 22 items loaded strongly to 5 factors. Six efficacy items significantly loaded to PerEffi factor which 

276 accounted for 23.4% of total variance with reliability alpha 0.834. Five benefit items highly loaded to 

277 PerBene factor and accounted 11% of total variance with alpha 0.831. Four behavioural change intention 

278 items were loaded to PerIntent factor with reliability alpha 0.854 and accounted for 9.9% of total 

279 variance. Four susceptibility items loaded strongly to PerSus factor which accounted 5.3% of variance of 
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280 data with reliability alpha 0.792. Only 3 barrier items loaded to Factor PerBar with 0.683 and this factor 

281 accounted 4% of total variance. More than 50% of total variance was extracted by 5 factor solution of 

282 EFA. Average factor loading of each factor was greater than or equal to 0.65 and this finding point out 

283 that convergent validity of each factor was satisfactory. Regarding to reliability, all the factors' reliability 

284 exceed 0.7 except PerBar factor which has reliability nearly 0.7. These findings revealed that reliability of 

285 all factors were satisfied to conduct CFA for validation process of 22 items questionnaire developed by 

286 EFA.

287 Table 2. Factor correlation matrix of EFA

Factor PerEffi PerBene PerIntent PerSus PerBar
PerEffi 1.000
PerBene .280 1.000
PerIntent .290 .577 1.000
PerSus .064 -.053 -.140 1.000
PerBar -.249 .025 -.159 .136 1.000

288 Factor correlation matrix of final exploratory factor analysis was described in Table 2. It was found that 

289 both negative and positive correlation among 5 factors. The Highest negative correlation was found 

290 between PerEffi and PerBar (-0.249) and the lowest between PerSus and PerBene (-0.053). Highest 

291 positive correlation was found between PerBene and PerIntent (0.577) and lowest positive correlation 

292 between PerBene and PerBar (0.025). All these correlation coefficients were less than 0.7 which was the 

293 upper limit that determine the discriminant validity issue; hence, the factors derived from EFA revealed 

294 the adequate discriminant validity among the extracted factors.

295 Before CFA, Harman's single factor test was done to assess the common method bias which is a 

296 systematic response bias and can occur when a single data collection method was used and that will either 

297 inflate or deflate response. This test uses the maximum likelihood method and forced to extract only one 

298 factor whether to assess a single factor contributes more than 50% of total variance. It was found that only 

299 25.5% was accounted by one factor and this means that there was no problem with common method bias 

300 in this study (S5 Table).

301
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302 Confirmatory Factor Analysis

303 EFA provided 22 items questionnaire for underlying five factors that influenced the perceived risk on 

304 developing non-communicable diseases among adults. These 5 factors have sufficient convergent validity 

305 and discriminant validity to conduct the CFA. Moreover, all the factors satisfied with adequate reliability. 

306 Whether EFA proposed 5 factors with 22 items questionnaire model can be used to assess the perceived 

307 risk on developing non-communicable diseases at population level, CFA was done using different sample 

308 of 210 participants.

309  CFA initial model was run with 22 items that hypothesized by EFA and it was found that effi_6 

310 item was loaded to PerEffi factor with low loading (0.35). Hence CFA final model was run with only 21 

311 items (dropping effi_6 item). The results of CFA final model (NCD-PR5-21) were presented with SEM 

312 diagram in Figure 3. Now all the loadings were ranged from minimum 0.5 to maximum 0.8 and all 

313 correlation between the latent factors were less than 0.7.

314 Figure 3. CFA final model (NCD-PR5-21) for perceived risk on developing non-communicable 

315 diseases

316

317 Table 3. Convergent validity, discriminant validity, reliability and model fit indices of CFA final 

318 model with 5 latent factors

Squared  correlations (SC) among  latent  variables  
CR AVE PerSus PerBene PerBar PerEffi PerIntent

PerSus 0.773 0.459 (0.459)
PerBene 0.829 0.502 0.048 (0.502)
PerBar 0.662 0.401 0.009 0.000 (0.401)
PerEffi 0.832 0.504 0.018 0.112 0.109 (0.504)
PerIntent 0.820 0.539 0.011 0.32 0.000 0.163 (0.539)

Model Fit indices RMSEA PCLOSE χ2/df CFI TLI SRMR CD
0.056 0.0179 1.66 0.921 0.908 0.063 1.0

319 Note: when AVE values >= SC values there is no problem with discriminant validity, when AVE values >= 0.5 
320           there is no problem with convergent validity, CR = Construct reliability (>=0.7 is good reliability)
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321 Tables 3 describes the convergent validity, discriminant validity and construct reliability of CFA final 

322 model after removing low loading item i.e. effi_6. Regarding to construct reliability, all factors' reliability 

323 were above the 0.7 except for PerBar factor whose reliability was 0.662. Average variance extracted 

324 (AVE) value of PerBene, PerEffi and PerIntent factors were above 0.5 while that of PerSus and PerBar 

325 were below 0.5. Although two factors i.e. PerSus and PerBar had AVE value less than 0.5, factors 

326 specific items loadings were acceptable for convergent validity since there was not items with loading 

327 below 0.5 (See in Figure 3). All square correlation values were lower than AVE values of their respective 

328 factors; hence, there was no issue for discriminant validity for CFA final model. Regarding to model fit 

329 indices of CFA final model, the findings illustrated good model-data-fit i.e. RMSEA <0.08, 

330 PCLOSE>0.05, relative chi-square <3, CFI and TLI >0.9, SRMR<0.08 and CD>0.95. Hence, CFA 

331 proved that perceived risk on developing NCDs had underlying 5 latent factors and can be assessed using 

332 21-item questionnaire (NCD-PR5-21) at population level (See final questionnaire in S6 Table).

333

334 Discussion

335 This study started with qualitative approach to identify 86 items that reflect the underlying dimensions of 

336 popular health behavioural model – HBM regarding to the perception on NCDs. Then 51-item 

337 questionnaire was developed and satisfied content validity by conducting two rounds of expert panels. In 

338 quantitative approach, both EFA and CFA were done using the separate samples. Among predefined 

339 HBM constructs – perceived susceptibility, severity, benefit, barrier, efficacy, behavioural change 

340 intention, items of perceived severity factor were dropped during EFA and provided the hypothesis of the 

341 five factors solution with 22-item questionnaire. CFA also confirmed the hypothesis of five factors model 

342 of perceived risk on developing NCDs with 21 items (NCD-PR5-21) (one efficacy item was removed to 

343 increase convergent validity) with satisfactory level of psychometric properties i.e. acceptable convergent 

344 validity, discriminant validity and reliability; and model fit indices.
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345 Factor analysis was a statistical method which can measure latent factors – measures that cannot 

346 be measure directly such as satisfaction, perception and burnout. Three main purposes of using it were: 

347 (1) to conceptualize the underlying components of a set of variables; (2) to develop psychometric tool 

348 based on theory; (3) to reduce the a set of variables to one or manageable numbers while minimizing the 

349 loss of information as in multicollinearity situation. The use of factor analysis in this study was to develop 

350 and validate the questionnaire assessing the perceived risk on developing NCDs. Factor analysis includes 

351 two different components – EFA and CFA. EFA was usually assumed as data driven approach since there 

352 was no a priori theory and it determines the underlying constructs based on correlation among the 

353 observed variables while CFA was theory based approach in which hypothesized model was tested with 

354 the collected data to prove that there was acceptable model fitness [24]. In our study, EFA first explore 

355 the relationship of the items to provide the hypothesized underlying latent constructs of perceived risk on 

356 NCDs using minimal number of items and then CFA confirmed the hypothesized model was good fit to 

357 assess the individual's perceived risk using two different samples. Conducting both EFA and CFA in one 

358 sample was unacceptable since no new information could be obtained. Our study used standard 

359 psychometric tool development methodology conducting both EFA and CFA with different samples.

360 The widely used factor extraction techniques for EFA were Principal component analysis 

361 (PCA) and Principal axis factoring analysis (PAF), Maximum likelihood method, unweighted least 

362 squares and generalized least squares. All these methods except PCA extract factors based on 

363 communalities i.e. shared/common variance excluding unique variance while PCA used total variance 

364 without decomposing common or unique variance [17]. Moreover, PCA is mainly used for data 

365 reduction; in contrast, other methods intend to extract the underlying latent factors and parameter 

366 estimation. Hence, we used the maximum likelihood method instead of using PCA and PAF in order to 

367 maximize the likelihood of reproducing the population correlation matrix [25,26] since the study aimed to 

368 confirm EFA proposed model using CFA in which maximum likelihood method was used for parameter 

369 estimation. Decisions on how many factors should be extracted was also a major concern in factor 

370 analysis since both underfactoring and overfactoring cause problems i.e. difficult to interpret due to 
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371 substantial error in underfactoring while developing unrealistic and complex theories in overfactoring. To 

372 avoid these problems, we used the parallel analysis method instead of using Kaiser Criterion and scree 

373 plot. It compares the eigenvalues produced be the real data with the eigenvalues estimated from Monte-

374 Carlo simulated matrix created from random data [22,25,26] and the number of factors above the 

375 intersection point should be extracted. In our study, the simulated results cross the actual results between 

376 factor 5 and 6, hence, we extracted 5 factors from the data. Moreover, to prevent underfactoring or 

377 overfactoring, the study assessed not only 5 factors solution but also 4 and 6 factors solution. The findings 

378 of 4 and 6 factors solutions were not good enough for theoretical interpretation and some items were cross 

379 loaded with more than one factor (See detail in S7 Table). The study also used Promax rotation one of the 

380 oblique rotation method which allowed to correlate the extracted factors each other instead of using 

381 orthogonal rotation which does not allow to correlate among the factors since we belief the underlying 

382 factors of perceived risk were somewhat correlated each other and EFA results also described the 

383 significant correlation between some factors.

384 During EFA, the items that assessed the perceived severity of NCDs were dropped for many 

385 reasons. First, the parallel analysis provided the evidence to extract 5 factors solution; hence, we forced to 

386 5 factors model and some severity items were loaded together with the benefit items and some items were 

387 low loading i.e. <0.4. Second, when we ran step by step EFA for item purification, these items were cross 

388 loading with other items, that's why some of them were remove. Third, to get reliable construct, we 

389 assessed the internal consistency of constructs and some of these items needed to remove to increase the 

390 reliability of underlying constructs. These severity items were not able to strongly correlate with each 

391 other to form a factor like other items (S4 Table & S7 Table). This might be due to the fact that the 

392 participants were the one who had no known NCDs; hence they failed to perceive the severity of NCDs or 

393 the developed items had lack of intrinsic ability to capture their perception regarding to severity of 

394 diseases due to bias wording or ambiguous wording.

395 Regarding to model fit of CFA, there are many model fit indices in structural equation modeling 

396 methods i.e. absolute fit indices (χ2, relative χ2, GFI, SRMR), parsimonious fit indices (RMSEA, AIC, 
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397 AGFI) and incremental fit indices (CFI, TLI) [27,28]. All these indices have some limitations depending 

398 on assumptions, sample size and model complexity. For example, chi-square value greatly influenced on 

399 sample size i.e. the theoretically plausible model can be rejected in case of sample size increases with 

400 constant number of degree of freedom. Hence some of the articles report relative chi-square which is 

401 calculated by dividing chi-square value by degree of freedom. The results of less than 3 indicate the good 

402 or acceptable model fit. Goodness of fit index (GFI) and adjusted goodness of fit index (AGFI) were used 

403 as model comparison but these indices depend on sample size and more likely to underestimate model 

404 fitness [29]. Many studies [27–29] recommended to use RMSEA, CFI and TLI since these indices are 

405 sensitive to model misspecification and less depend on sample size. In our study, we used relative chi-

406 square, RMSEA, CFI, TFI, SRMR and CD. All these indices were at acceptable level of model fit and 

407 indicate the observed covariance matrix in CFA was identical with the proposed covariance matrix in 

408 EFA. Among five latent factors, only one factor has reliability less than minimum acceptable level but its 

409 reliability was nearly 0.7 i.e. 0.662 and it was acceptable. Moreover there were also convergent validity 

410 issues for PerSus and PerBar factors since their respective AVEs were below 0.5. However, all factors' 

411 loading ranged from 0.5 to 0.8 and no item loadings were below 0.5 which indicates the convergent 

412 validities of these two factors were also acceptable [30].

413

414 Strengths and limitation of the study

415 To the best of our knowledge, this study was the first study that developed and validated the questionnaire 

416 assessing the individual's perceived risk on developing NCDs in Myanmar. The study used the standard 

417 psychometric tool development methodology i.e. designing, developing and testing measures of 

418 psychological constructs using mixed methods design and two separate samples for factor analysis. 

419 However, some items had low loading (<0.65) in CFA and perceived barrier factor had low reliability 

420 (0.662) pointed out that NCD-PR5-21 had limitation and should also be tested in other population with 

421 larger sample size to make sure the generalizability of the findings.
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422 Conclusion

423 Developed 21-item questionnaire (NCD-PR5-21) for 5 underlying factors – perceived susceptibility, 

424 benefit, barrier, efficacy, behavioural change intention was satisfied with acceptable level of validity and 

425 reliability, hence, it can be used to assess individual's perceived risk on major NCDs among Myanmar 

426 population. Further research should be conducted not only to confirm reliability and validity but also to 

427 reproduce the factors determined the perceived risk on NCDs with an independent, larger sample to 

428 generalize the study's findings. The questionnaire should also be tested on the utility of the questionnaire 

429 in mismatch between risk perception and current risk and individualized counseling for behaviour change 

430 communication.      

431

432 Acknowledgments

433 I want to show my gratitude to members of expert panel who gave great inputs in doing Delphi method in 

434 qualitative parts of this study. Without their academic inputs, the research could not be finished 

435 successfully. I would like to thank Chairman and members of Implementation Research (IR) grant of 

436 Ministry of Health and Sports, Myanmar for providing the funding support for this research. Last but not 

437 least, I would like to express my special thanks to all Master of Hospital Administration students (2019) 

438 and three Master of Public Health students (2019) – Dr. Tin Aung Cho, Dr. Zaw Phyo Aung and Dr. 

439 Paing Khant for their active participation in data collection and respondents of this study for their 

440 enthusiastic involvement in answering the survey questions.

441

442

443

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


20

444 References

445 1. Non communicable diseases [Internet]. [cited 2020 Feb 25]. Available from: 

446 https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases

447 2. WHO. WHO: Noncommunicable diseases country profiles 2014 [Internet]. WHO. 2014 [cited 2018 

448 Sep 4]. Available from: http://www.who.int/nmh/countries/en/

449 3. Alwan A, Maclean DR, Riley LM, d’Espaignet ET, Mathers CD, Stevens GA, et al. Monitoring and 

450 surveillance of chronic non-communicable diseases: progress and capacity in high-burden countries. 

451 Lancet Lond Engl. 2010 Nov 27;376(9755):1861–8. 

452 4. Byfield S, Moodie R. Addressing the world’s biggest killers :  Non -communicable diseases and the 

453 in ternational  development agenda. 2013 Nov; 

454 5. WHO. Global status report on noncommunicable diseases 2014: “Attaining the nine global 

455 noncommunicable diseases targets; a shared responsibility” [Internet]. 2014. Available from: 

456 www.who.int/about/licensing/copyright_form/en/index.html

457 6. MOHS. Report on National Survey of Diabetes Mellitus and Risk Factors for Non-communicable 

458 Diseases in Myanmar (2014) [Internet]. 2015. Available from: 

459 file:///C:/Users/User/Downloads/Documents/Myanmar_2014_STEPS_Report.pdf

460 7. Sheeran P, Harris PR, Epton T. Does heightening risk appraisals change people’s intentions and 

461 behavior? A meta-analysis of experimental studies. Psychol Bull. 2014 Mar;140(2):511–43. 

462 8. Lavielle P, Wacher N. The predictors of glucose screening: the contribution of risk perception. 

463 BMC Fam Pract. 2014 Jun 4;15(1):108. 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


21

464 9. Cainzos-Achirica M, Blaha MJ. Cardiovascular risk perception in women: true unawareness or risk 

465 miscalculation? BMC Med. 2015 May 11;13(1):112. 

466 10. Dieng M, Watts CG, Kasparian NA, Morton RL, Mann GJ, Cust AE. Improving subjective 

467 perception of personal cancer risk: systematic review and meta-analysis of educational interventions 

468 for people with cancer or at high risk of cancer. Psychooncology. 2014 Jun;23(6):613–25. 

469 11. Wang C, O’Neill SM, Rothrock N, Gramling R, Sen A, Acheson LS, et al. Comparison of risk 

470 perceptions and beliefs across common chronic diseases. Prev Med. 2009 Feb;48(2):197–202. 

471 12. Haas JS, Kaplan CP, Jarlais GD, Gildengoin V, Perez-Stable EJ, Kerlikowske K. Perceived Risk of 

472 Breast Cancer among Women at Average and Increased Risk. 2005 Nov 28 [cited 2018 Dec 

473 2];14(9). Available from: https://www.liebertpub.com/doi/abs/10.1089/jwh.2005.14.845

474 13. Pasi H, Md Isa Z, A. S. S. The validation of questionnaire on risk perception of developing five 

475 most common non-communicable diseases in Malaysia. IOSR J Nurs Health Sci IOSR-JNHS. 2013 

476 Mar;1:29–35. 

477 14. Janz NK, Becker MH. The health belief model: A decade later. Health Education Quarterly. 

478 1984;11(1):1–47. 

479 15. Standardized Health Messages (ကျန်းမာရေးဆိုင်ရာ စံပြုအချက်အလက်များ) [Internet]. [cited 2020 

480 Feb 25]. Available from: http://mohs.gov.mm/Main/content/publication/standardized-health-

481 messages-က-န-မ-ရ-ဆ-င-ရ-စ-ပ-အခ-က-အလက-မ

482 16. Cerny, C.A., & Kaiser, H.F. (1977). A study of a measure of sampling adequacy for factor-analytic 

483 correlation matrices. Multivariate Behavioral Research, 12(1), 43-7. 

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


22

484 17. Norris M, Lecavalier L. Evaluating the Use of Exploratory Factor Analysis in Developmental 

485 Disability Psychological Research. J Autism Dev Disord. 2010 Jan 1;40(1):8–20. 

486 18. Horn JL. A rationale and test for the number of factors in factor analysis. Psychometrika. 1965 Jun 

487 1;30(2):179–85. 

488 19. Exploratory Factor Analysis - StatWiki [Internet]. [cited 2020 Feb 28]. Available from: 

489 http://statwiki.kolobkreations.com/index.php?title=Exploratory_Factor_Analysis

490 20. McLeod, S. A. (2007). What is reliability?. Simply psychology: 

491 https://www.simplypsychology.org/reliability.html. 

492 21. Hair, J., Black, W., Babin, B., and Anderson, R. (2010). Multivariate data analysis (7th ed.): 

493 Prentice-Hall, Inc. Upper Saddle River, NJ, USA. 

494 22. Swisher LL, Beckstead JW, Bebeau MJ. Factor Analysis as a Tool for Survey Analysis Using a 

495 Professional Role Orientation Inventory as an Example. Phys Ther. 2004 Sep 1;84(9):784–99. 

496 23. Woringer M, Nielsen JJ, Zibarras L, Evason J, Kassianos AP, Harris M, et al. Development of a 

497 questionnaire to evaluate patients’ awareness of cardiovascular disease risk in England’s National 

498 Health Service Health Check preventive cardiovascular programme. BMJ Open [Internet]. 2017 Sep 

499 25 [cited 2018 Oct 7];7(9). Available from: 

500 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5623403/

501 24. Kim H, Ku B, Kim JY, Park Y-J, Park Y-B. Confirmatory and Exploratory Factor Analysis for 

502 Validating the Phlegm Pattern Questionnaire for Healthy Subjects [Internet]. Vol. 2016, Evidence-

503 Based Complementary and Alternative Medicine. Hindawi; 2016 [cited 2020 Mar 2]. p. e2696019. 

504 Available from: https://www.hindawi.com/journals/ecam/2016/2696019/

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


23

505 25. Costello AB, Osborne JW. Best practices in exploratory factor analysis: Four recommendations for 

506 getting the most from your analysis. Pract Assess Res Eval. 2005;10:173–8. 

507 26. Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating the use of exploratory factor 

508 analysis in psychological research. Psychol Methods. 1999;4(3):272–99. 

509 27. Schermelleh-Engel K, Moosbrugger H, Muller H. Evaluating the fit of structural equation models: 

510 Test fo significance and descriptive goodness-of-fit measures. Methods of Psychological Research. 

511 2003;Volume 8(No. 2):23–74. 

512 28. Hooper D, Coughlan J, R.Mullen M. Structural equation modelling: Guidelines for determining 

513 model fit. Journal of Business Research Methods. 2008;Volume 6(Issue 1):53–60. 

514 29. Steiger JH. Structural Model Evaluation and Modification: An Interval Estimation Approach. 

515 Multivar Behav Res. 1990 Apr 1;25(2):173–80. 

516 30. Hays RD, Hayashi T. Beyond internal consistency reliability: Rationale and user’s guide for 

517 Multitrait Analysis Program on the microcomputer. Behav Res Methods Instrum Comput. 

518 1990;22(2):167–75. 

519 Supporting information

520 S1 Table. Items pool for developing questionnaires for perceived risk on NCDs  

521 S2 Table. Development of 51-item questionnaire

522 S3 Table. Univariate analysis of items that included in EFA analysis

523 S4 Table. Exploratory factor analysis – Initial step & Factor naming step

524 S5 Table. Harman's single factor test to check for common method bias

525 S6 Table. Validated final 21-item questionnaire (NCD-PR5-21) 

526 S7 Table. Exploratory factor analysis for six factor solution and four factor solution

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted May 26, 2020. ; https://doi.org/10.1101/2020.05.26.116202doi: bioRxiv preprint 

https://doi.org/10.1101/2020.05.26.116202
http://creativecommons.org/licenses/by/4.0/

