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ABSTRACT

This study aims to validate a scale that evaluates the flying competence of aircraft pilots. The scale was developed by pilots in an
aerospace university and was approved by the Civil Aviation Authority of the Philippines. To do so, the scale was administered to
288 pilots holding different levels of licenses. The data obtained were subjected to Exploratory Factor Analysis (EFA) and created
a three-factor model. The factors are set of flying skills named as instrument flight (Factor 1), basic attitude flying (Factor 2),
and instrument landing system (Factor 3). The model was confirmed utilizing the resulting values of five goodness of fit indices
(GFIs) generated by the Confirmatory Factor Analysis (CFA). Only comparative fit index, Tucker-Lewis index, and Standardized
Root Mean Squared Residual resulted to values falling within the thresholds. These three GFIs are already adequate to confirm
that the model is relatively good fit. The standardized factor loadings (SFLs) and composite reliability (CR) were also excellent,
thus, establishing convergent validity. Also, the estimated average variance extracted and Cronbach’s alpha of all factors provided
evidence of discriminant validity and reliability, respectively. In conclusion, this scale is valid and reliable to evaluate the pilot’s
performance in flying an aircraft.

Keywords: Factor analysis; Flight training; Scale development.

INTRODUCTION

The growing demand for air transport will result to the recruitment of 635,000 new pilots in the next 20 years by the commercial
airlines (Wall and Tangel 2018). However, the number of graduating pilots over the years has not been growing correspondingly
with the estimated number of pilots to be recruited in the future (Smith 2016). There are several reasons that have been pointed
out in the declining interest of young individuals to pursue careers in Science, Technology, Engineering, and Mathematics,
particularly in aviation, such as unstable remuneration, high training cost (Valenta 2018), risky battle associated with occupational
health concerns, job exploitation (Bennett 2006; Butcher 2003), and perceptions regarding the desirability of the airline pilot as
a career path (Lutte and Lovelace 2016). This declining number of graduating pilots may consequently lead to a shortage in the
workforce in the following years, and it would have a domino effect on the decreasing number of flights, loss of revenues, and

closing of some regional airlines (Crouch 2020). In this regard, airline companies have implemented various strategies aimed at
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reattracting individuals to become pilots, such as increasing base salary and bonuses (Tulis 2017), addressing lifestyle and career
path concerns (Lutte 2018), and innovative training and recruitment programs (Crouch 2020).

Meanwhile, flying schools and universities have their roles as well in attracting young people to pursue careers in aviation and
eventually help them complete the degree program. Kearns (2017) reported that a crucial issue rarely discussed in aviation education
is the high attrition rate of students spurring at more than 50%, meaning more than half of the student pilots do not graduate
from the degree. She cited three probable causes of attrition, namely: (a) lack of financial resources, (b) difficulties in learning
materials of the courses, and (c) realization that they are not suited to the lifestyle of their future professional role. Meanwhile,
to attract young people to enroll in flying schools, Jin (2019) examined the factors affecting students’ decision to enroll in
aviation school, including but not limited to (a) quality of training, (b) availability of flying opportunities, (c) cost of training,
(d) safety records of the programs, and (e) reputation of certificated flight instructors. While all five factors are deemed relevant
in attracting enrollees in flying schools, the quality of training has been consistently reported in the literature as a major factor
influencing their decisions (e.g., Aircraft Owners and Pilots Association 2010; Steckel et al. 2010). Rony (2019) argued that this
quality training might be attained by improving the curriculum, pedagogical competencies of training instructors, and updating
resources. In addition, sound evaluation and assessment tools measuring students’ competence in flying are equally important.
How students perform well during assessment speaks of the quality of training they received from schools (Malagas et al. 2017).
These assessment tools should particularly evaluate students” essential knowledge, skills, and attitudes related to the intended
program outcomes (Letassy et al. 2015).

However, the issue regarding the limited availability of valid and reliable assessment tools in aviation education is evident. This, in
effect, poses a greater challenge when ensuring that the offered pilot trainings are of the highest quality. The existing assessment tools
such as Aviation Safety Climate Scale (Evans et al. 2007), Factors Affecting Situation Awareness (FASA) Questionnaire (Banbury
et al. 2007), Willingness to Fly in an Aircraft Scale, and Willingness to Pilot an Aircraft Scale (Rice et al. 2020) are not enough.
These could not assess all essential competencies that pilots are expected to acquire after the training, particularly maneuvering an
aircraft. There may be proposed objective test, execution test, observation techniques, and atittude-opinion survey by Ruiz et al.
(2014), which aimed to evaluate basic knowledge, skills, and attitude of student pilots on air navigation, but these have validity
and reliability issues. In addition, the number of items in these scales are limited; thus, some other essential knowledge and skills
which pilots are expected to demonstrate are excluded.

In this regard, the present study aims to contribute to the literature by validating a locally-made scale intended to evaluate
basic competence in flying of aircraft pilots. This competence scale is approved by the Civil Aviation Authority of the Philippines
(CAAP), which is the country’s national aviation authority responsible for implementing policies on civil aviation to ensure safe,
economical, and efficient air travel of airline passengers, and has been used for instructor rating, peer rating, personal rating to
pilots undergoing training on flying in one aerospace university in Central Visayas, Philippines. However, reports concerning its
validation and reliability tests are not yet communicated. The scale aims to facilitate effective assessment and evaluation of pilots

undergoing training on flying an aircraft.

METHODOLOGY

Setting and Participants

The participants comprised 288 pilots from various aviation colleges and universities in the Visayan region of the Philippines.
They had satisfied one or more of the following inclusion criteria in order to be part of the study: (a) had an actual flying
experience, (b) had an educational simulation flying experience, or (c) acquired at least a student pilot license. Figure 1 shows
then the complete distribution of qualified participants when grouped according to age, sex, number of license(s) held, type of
license(s) acquired, whether experienced in actual flying or not, the total number of flying hours for pilots with actual flying
experience, whether experienced in flying through educational simulation or not, and total number of flying hours through

flight simulation.

J. Aerosp. Technol. Manag., Sdo José dos Campos, v14, e1422, 2022



Validation of a Flying Competence Scale for Aircraft Pilots

Total number of

Educational

Number of
lincenses

hours for pilots Actual

with actual flying

simulation

Total number of hours for

Flying
experience

flying
experience

pilots with experience in
operating flight information

Sex

Age (yrs.)

held

Lincenses acquired

experience

Female
Male

29 and above

25-28
21-24
17-20

=N w A

Fllght Instructor
Ground Instructor
Airline Transport Pilot
Instrument Rated
Commercial Pilot
Private Pilot

__ Student Pilot_|

Without
With

301 and above

251 to 300
201 to 250
151 to 200
101 to 150
51 to 100
1 to 50

Without
With

91 and above

81
71
61
51
41
31
21
11
1

to 90
to 80
to 70
to 60
to 50
to 40
to 30
to 20
to 10

54
234

185
83

h

246

19
16
34
148

= 38
250

143

Figure 1. Distribution of the personal and professional profiles of participating pilots.
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The majority of those who participated in the survey were at ages between 21 to 24 years old (n = 185), followed by
ages between 17 to 20 years old (n = 83). In terms of the distribution of participants when grouped according to sex, 234
were males and 54 were females. The types of licenses held by these pilots are majority student pilot (n = 219) followed by
private pilot (n = 50), commercial pilot (n = 27), and instrument rated (n = 18). There were only four with ground and flight
instructor licenses. As to the number of licenses acquired, generally, 264 had one license. The rest acquired two (n = 16),
three (n = 6), and four licenses (n = 2). Finally, 234 had actual flying experience, and 250 had educational simulation flying
experience. It can be noted that the number of pilots having actual flying experience is less than the total number of pilots
participating in the survey. The explanation rests on the fact that a student pilot license is granted even with flying through
flight simulation only. In addition, the number of pilots with experience flying through educational simulation are less than
the total number of pilot participants. The explanation for this is that it was only in 2016 when pilots were required to do
flight simulation training before actual flying. Some of the pilots who responded in the survey got their licenses before the

forecited year.

Instrument

The Flying Competence Scale for Pilots was developed by a group of pilots in an aerospace university. It was approved by
the CAAP. With its approval in 2014, the experts’ validity has been theoretically established, meaning the competences or skills
listed as items in the scale was checked and approved by CAAP’s personnel. Thus, the scale has been used by the university as an
assessment tool to evaluate training performance and for licensing of pilots, such as granting the following licenses: student pilot,
private pilot, commercial pilot, among others. However, reports on reliability and other forms of validity are not yet available.
Thus, the study aims to establish its psychometric properties.

The scale consists of 34 items covering six general competences or skills that aircraft pilots are expected to acquire or master.
In particular, these skills refer to interpreting data from several instruments to maneuver an aircraft without outside visual
or ground reference properly. These skill sets involve Basic Attitude Flying (BAF) (8 items), Standard Instrument Departure or
Standard Terminal Arrival (SID/STAR) Procedure (5 items), Non-Directional Beacon or Radio Magnetic Indicator (NDB/RMI)
Procedure (7 items), Very High Frequency Omnidirectional Range or with the Horizontal Situation Indicator (VOR/HSI)
(7 items), Localizer and Distance Measuring Equipment (LOC & DME) Approach (3 items), and Instrument Landing System
(ILS) (4 items). Each of the general skills has subskills which are listed as items. For example, BAF has a list of the following skills:
scanning, airspeed control, climbs, descents, among others. The listing of these specific subskills reflects the scale’s flexibility as
it can be adapted in different modes of evaluation (e.g., self, peer, and teacher to student evaluation). In other words, the specific
skills are just indicated in a word or phrase manner rather than stating it in a sentence form which usually starts with the phrase
“I can” This method limits the utility of the scale, meaning it can only be used for self-evaluation. Finally, the response scaling of

each item ranged from 1 = fail to 6 = excellent.

Procedure

The researchers provided oral and written information to the prospected participants regarding the purpose and background,
procedures, risks or discomforts, the extent of confidentiality, and the benefits of the study. Meanwhile, the parents of prospected
participants aged 17 were also given the same information. The participants with legal age who wished to participate signed
an informed consent form, while participants below legal age signed an assent form and submitted an informed consent
form signed by their parents. Then, an online survey through Google Form was conducted between August and September
2021. Within the survey form, it was indicated in the preliminary portion before the participants could answer the scale
that their participation in the study was entirely voluntary with no incentives, and they could withdraw without penalty or
loss on their end. The survey had three parts: (a) instructions, (b) eliciting the pilot’s demographic and professional profiles,
and (c) eliciting participating pilot’s self-perceived levels of flying skills. It took approximately 10 to 20 min for each pilot
participant to complete the survey. Upon completion, participants were assured about the confidentiality and anonymity of
their responses. Their responses were generated as a spreadsheet, and there were no manipulation or statistical correction

made prior to data analysis.
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Data Analysis

The determination of whether Exploratory Factor Analysis (EFA) could proceed was done through performing two preliminary
tests: Bartlett’s test of sphericity (BTS) and Kaiser-Meyer—Olkin (KMO) Measure of Sampling Adequacy. To justify factor analysis,
Bartlett’s test should be significant (p < 0.05) and KMO values should exceed 0.60 (Tabachnick and Fidell 2019). Next, EFA was
performed to explore the structure of the underlying relationships between the items in the scale and to determine whether
subscales or factors could be created. Principal Component Analysis (PCA) using Varimax rotation and scree plots were used
to extract the factors. The factors with Eigen values > 1.0 were included. Meanwhile, an item was retained in a construct if its
criterion loading was > 0.6. Taherdoost et al. (2014) argued that the minimum loading should be 0.5 or higher. Hence, it was
increased by 0.1 for a pragmatic reason. Finally, the reliability coefficients of the entire scale and its subscales were determined
using Chronbach’s alpha, of which 0.7 should be achieved (Tavakol and Dennick 2011). The program IBM SPSS Statistics version
25 was used to perform all these tests.

Subsequently, Confirmatory Factor Analysis (CFA) using the maximum likelihood method was used to estimate parameters.
The analysis was performed in IBM SPSS AMOS version 22. It began with determining the estimation results through the t-value
and standardized factor loading (SFL) of each item. The acceptable t-value is > 1.96 or practically 2.00, while the SFL is > 0.7
(Gefen et al. 2000; Hair Jr. et al. 2014; Kline 2016). Once these values were met, the scale was available for examining overall model
data fit using several goodness of fit indices (GFIs) recommended by Hu and Betler (1999). These are Comparative Fit Index
(CFI), Tucker-Lewis Index (TLI) or Non-Normed Fit Index (NNFI), Standardized Root Mean Squared Residual (SRMR), root
mean square error of approximation (RMSEA), and chi-square/df ratio. The following values of five selected indices are desired
to be achieved to have a relatively good model-data fit. The CFI should be > 0.80 (Garson 2006), TLI should be > 0.85 (Sharma
et al. 2005), RMSEA should be < 0.08 (Kenny et al. 2014), SRMR should be < 0.08 (Hu and Betler 1999), and chi-square/df ratio
should be < 2.0 (Kline 1998).

Finally, the convergent and the discriminant validities of the scale were established. The evidences for convergent validity
were SFL and composite reliability (CR) of which a value > 0.7 for both measures is considered good (Gefen et al. 2000). With
regard to the discriminant validity of the scale, the average variance extracted (AVE) estimate should be higher than the squared

correlation between the two constructs (Hair Jr. et al. 2014).

RESULTS AND DISCUSSION

Exploratory Factor Analysis

The KMO statistic resulted to a value of 0.960, which is much higher than 0.6 and very close to 1.0. This value indicates
that the required sample size for CFA of the scale was satisfied. Meanwhile, the Bartlett’s test was significant (p < 0.000).
In this regard, both KMO and Bartlett’s tests suggested that the scale was available for factor analysis. Table 1 shows that
the EFA of the 34-item scale identified three factors, which explained 86.064% of the variance in the data. The first factor
accounted for 48.05% of the total variance with an eigenvalue of 23.01 and loaded 22 items. The criterion loading and
communality values of items loading in this factor, respectively, range from 0.643 to 0.895 and 0.718 to 0.929. The items
previously assigned in LOC & DME Approach, V.O.R/H.S.I., NDB/RMI Procedure, and SID/STAR Procedure all loaded under
this factor. As such, the factor can be named “Instrument Flight” The second factor explained 26.91% of the total variance
with an eigenvalue of 3.76. The criterion loading and communality values of items loading in this factor, respectively, range
from 0.801 to 0.881 and 0.836 to 0.913. The eight items loading under this factor were those earlier assigned in basic attitude
flying, hence, the name of the factor is named after it. The third factor accounted for 11.102% of the total variance with an
eigen value of 2.50. The criterion loading and communality values of items loading in this factor, respectively, range from
0.957 to 0.973 and 0.919 to 0.951. All four items under instrument landing system load in this factor, hence, the name of

the factor is also named after it.
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Table 1. The EFA rotated extracted factors with item loadings, communality values, and Cronbach’s alpha.

Item Code Competence Factor Communality . F‘.ronl?ach’s ¢
1 o) 3 if item is deleted
ILS1 Entry to DME Holding Fix 0.961 0.924 0.973
ILS2 Bracketing localizer 0.973 0.950 0.966
ILS3 Bracketing glideslope 0.973 0.951 0.966
ILS4 Flareout/touchdown 0.957 0.919 0.974
LOCDMEAP1  Distance measuring equipment arc  0.825 0.778 0.990
LOCDMEAP2 '-Dca'izg;;"i’gzr';S;Sttzggfo';"fhasuring 0.836 0.800 0.990
LOCDMEAP3 Missed approach 0.828 0.783 0.990
VORHSIM Orientation and procedures 0.841 0.858 0.990
VORHSI2 Inbound/outbound interceptions 0.852 0.877 0.989
VORHSI3 Approach chart interpretation 0.866 0.898 0.989
VORHSI4 Entry to holding pattern 0.869 0.888 0.989
VORHSIS Initial /intermediate 0.895 0.914 0.989
VORHSIB Phases in the approach (final) 0.894 0.929 0.989
VORHSI7 Phases in the approach (missed) 0.893 0.910 0.989
NDBRMI1 Orientation and procedures 0.847 0.816 0.990
NDBRMI2 Inbound/outbound interceptions 0.856 0.837 0.990
NDBRMI3 Approach chart interpretation 0.860 0.851 0.990
NDBRMI4 Entry to holding pattern 0.864 0.871 0.990
NDBRMI5 Initial /intermediate 0.886 0.911 0.989
NDBRMIB Final 0.884 0.904 0.989
NDBRMI7 Missed 0.877 0.876 0.890
BAF1 Scanning 0.817 0.856 0.978
BAF2 Straight and level 0.863 0.882 0.978
BAF3 Bank and turns 0.849 0.900 0.978
BAF4 Climbs 0.874 0.802 0.978
BAF5 Descents 0.881 0.913 0.978
BAFB6 Spiral climb 0.837 0.871 0.978
BAF7 Spiral descent 0.833 0.858 0.979
BAF8 Airspeed control 0.801 0.836 0.980
SIDSTAR Departure/arrival briefing 0.643 0.718 0.990
SIDSTARZ2 Navigation aids pre-flight check 0.667 0.768 0.990
SIDSTAR3 Radial interception 0.747 0.812 0.990
SIDSTAR4 Estimate time to fix 0.702 0.759 0.990
SIDSTARS Radio communication procedures 0.664 0.738 0.990
Total eigenvalue 23.01 3.76 2.50
Percentage of variance 48.05 26.91 11.10
Number of Items 22 8 4
Cronbach’s Alpha 0.990 0.981 0.977 0.979
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Reliability

Reliability pertains to the property of the scale to measure consistently and is closely related to scale validity. Tavakol and Dennick
(2011) reasoned that a scale could not be valid if it is not reliable, but it could be reliable even if it is not valid. Hence, reliability
should be established. In the present study, the scale’s reliability coefficient was calculated using Cronbach’s alpha. The reference
value to determine whether the entire scale and subscales is/are reliable or not should be 0.70 or higher. Table 1 shows the Cronbach’s
alpha coeflicient of each subscale or factor and item. In the event that a factor or an item within the factor obtains a Cronbach’s
alpha of below 0.7 only, it will be deleted to increase the reliability of the scale. The results reflect that the largest value recorded
was in Factor 1 (Instrument Flight) with 0.990, while the lowest value recorded was in Factor 3 (Instrument Landing System) with
0.977. This range of Cronbach’s alpha coeflicients reveals satisfactory reliability of the subscales with reference to the proposed value

indicated above. Meanwhile, the overall Cronbach’s alpha coeflicient of the entire scale is 0.979, suggesting that it is very reliable.

Confirmatory Factor Analysis

Estimation Results

The analysis of factor load estimation was done on each observed variable using its resulting critical ratio or t-value and SFL
before testing the overall model-data fit. Table 2 shows the results of factor load estimation of the model of which all ¢-values are
greater than 1.96 while all SFL values are greater than 0.7. The observed minimum ¢-value is 16.104 (SIDSTARI1 - Factor 1) and
the maximum is 38.127 (ILS3 - Factor 3). Meanwhile, the recorded minimum SFL value is 0.795 (SIDSTAR2 - Factor 1) and the
maximum is 0.974 (ILS3 - Factor 3). In summary, there is no offending estimate observed in the factor load estimation results.

This justifies the analysis of the overall model data fit of the scale.

Table 2. Factor load estimation results from the model.

Factor Factor Name Critical Ratio Range Standardized Factor Loading Range
1 Instrument Flight 16.104 - 22.143 0.795-0.97
2 Basic Attitude Flying 25.19 - 28.938 0.897 - 0.957
3 Instrument Landing System 32.601 - 38.127 0.938-0.974
Overall Model Fit

There were five GFIs examined to determine the overall model fit of the CFA results: CFI, TLI, SRMR, RMSEA, and chi-square/
df ratio as indicated in Fig. 2. The CFI value of this sample, 0.817, is above 0.8. Meanwhile, the TLI is 0.804, a little below the
criterion of 0.85. As to the SRMR, the observed value of 0.0474 is less than the margin of 0.8. These three model fit indices suggest
an acceptable fit to the three-factor model. However, the chi-square/df ratio resulted to 7.699. This resulting value is beyond the
minimum criteria. Nonetheless, this may be considered tolerable because chi-square/df ratio is sensitive to a large sample size
(Kline 2016). Its value can be high even if the model is good (Karakaya-Ozyer and Aksu-Dunya 2018). The overemphasis on chi-
square model could also result in a preference for a smaller sample size in which the null hypothesis is not rejected. This instance
may likely lead to the acceptance of poor models and yield inaccurate estimation of parameters (Alavi et al. 2020). In the same
manner, the RMSEA resulted in a poor or offending estimate at 0.158. Lai and Green (2016) explained that this index may
sometimes give a contrasting evaluation of model fit with CFL. Thus, the CFI value may be selected as a reference when evaluating
model fit over RMSEA. Further, RMSEA is sensitive to factor loading specification, meaning its value is influenced by the level
of factor loadings. The decrease in mean RMSEA value monotonically leads to the decrease in factor loading values (Heene et al.
2011; Sun 2005). In the present study, the SFLs range from 0.795 to 0.974 and majority are in 0.90 and above, hence, affecting the
RMSEA value. Therefore, both indices could not reject the model. In summary, the model may still be considered as relatively

good fit based on the three indices.
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Model Fit Indices
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Figure 2. Results of the CFA of the scale.
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Convergent Validity

Three indices establish the overall model-data fit, leading to the evaluation of the convergent validity of the scale. Figure 2 shows the
CFA results, which provide evidence of the convergent validity. It can be noted that the factor loadings of all items are above 0.7. Factors 1,
2 and 3 have SFL loadings ranging from 0.795 to 0.97, 0.897 to 0.957, and 0.938 to 0.974, respectively. Further evidence of convergent
validity is the resulting CR values ranging from 0.98 to 0.99. These values indicate a higher inherent consistency of all items in the scale.

Discriminant Validity

For good discriminant validity, the AVE of one factor should be greater than any correlation coefficients between the factors.
In the event that any factor has smaller AVE over correlation coeflicients, it suggests that the factors are correlated or do not
measure well-separated latent concepts. In the present study, Table 3 shows the squared correlation of each factor versus the AVE
of a particular factor as evidence of scale’s discriminant validity. It is indicated that all estimated AVE values are greater than the

squared correlation of other factors where they are compared, suggesting that the factors are not associated with one another.

Table 3. Discriminant validity of the scale

Factor 1 (IF) 2 (BAF) 3 (ILS)
1 (IF) 0.818A%F

2 (BAF) 0.762 0.8664¢

3 (ILS) -0.079 -0.035 0.957~%

CONCLUSION

The EFA clustered the 34 items contained in the scale into three factors, namely: Instrument Flight (Factor 1), Basic Attitude
Flying (Factor 2), and Instrument Landing System (Factor 3). These factors were supported or confirmed by the resulting values
of three GFIs generated by the CFA. These GFIs were CFI (0.817), TLI (0.804), and SRMR (0.0474). There may be issues with
respect to the resulting chi-square/df ratio (7.699) and RMSEA (0.153) values but these are affected by sample size and factor
loading specification, respectively. The three GFIs are already adequate to confirm that the models are relatively good fit. The other
analyses, specifically convergent validity, discriminant validity, and reliability, also provide further evidence of the scale’s validity.
In particular, SFL and CR have resulted in values exceedingly more than the criterion values. Also, the estimated AVE value of
each factor is greater than the squared correlation of other factors compared. Finally, the Cronbach’s alpha of the entire scale and
within subscales is/are greater than the predefined criteria.

This valid and reliable Likert-scale can be used to evaluate the training performance of pilots in flying an aircraft, particularly
on basic attitude flying, instrument flight, and instrument landing system. The developed scale can be used for instructor to
trainee evaluation, peer evaluation, and self-evaluation of pilots undergoing training on flying aircrafts. In line with this, the future
direction of this study may involve utilizing the scale for skill evaluation of other communities of pilot abroad. Also, other GFIs
may be used to evaluate the goodness of fit of the model to further provide evidences of the validity of the scale particularly those

insensitive to sample size and unaffected by factor loading specification.
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