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Abstract

:

This study investigated the psychometric properties of the Chinese version of the STEM Career Interest Survey (STEM-CCIS) with data from 590 high-school students in Taiwan. Measurement models based on Social-Cognitive Career Theory (SCCT) and STEM discipline-specific dimensions (Science, Technology, Engineering, Mathematics) were examined using confirmatory factor analyses. Findings from confirmatory factor analyses indicated that STEM-CCIS possesses adequate reliability and factorial validity, replicating the sound psychometric properties of the original English version of the STEM-CIS. Implications for the use of the STEM-CCIS are discussed.
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1. Introduction


The rising emphasis on developing science, technology, engineering, and mathematics (STEM) expertise has been a global phenomenon [1]. The STEM workforce development has been considered to be imperative to economic growth in many developing countries. Yet, the lack of participation and persistence in the STEM workforce is universal and ongoing [2,3]. Leaders are concerned that the current STEM labor pool will not meet the increasing demands of the STEM job-growth and may limit the range of innovation and economic development. Consequently, there has been increasing national/international attention on the recruitment of the STEM workforce [4,5,6].



Understanding how and why students become interested in a STEM career is the first step in addressing the shortage in the STEM workforce. Therefore, many researchers have applied various theoretical frameworks to investigate the factors that shape the individuals’ STEM career interests. In much of the research on STEM careers, Social Cognitive Career Theory (SCCT) [7] has been the most widely used theoretical framework for empirical inquiry [8]. Empirical studies have shown that self-efficacy [9,10,11,12,13,14], interests [6,11,15,16,17], course selection [14,16], STEM-related activities, school engagement [16,18], academic proficiencies, and familial background [16] are predictive of STEM-related career paths. In a recent qualitative study, Li, Mau, Chen, Lin, & Lin [19] identified four domains, personal input, contextual variables, outcome expectations, and self-efficacy, that were involved in the STEM career development of high-school students, which parallel with the SCCT theoretical framework.



Although research concerning STEM career interests and decision-making processed has been well established, STEM-related assessment instruments are rarely available for counseling purposes [8]. Instruments that effectively measure STEM interests are therefore crucial for advancing our understanding of factors influencing STEM interests and aspirations of individuals [20,21]. Moreover, cultural relevance and validity of STEM career assessments are becoming an emerging concern. There is a need to adapt and validate instruments for the use with individuals of various cultures [22].



1.1. Theoretical Framework


In this study, we draw on the Social Cognitive Career Theory as a framework for our study. Originating from Bandura’s Social Cognitive Theory [23], SCCT’s interest and choice models comprise a variety of constructs such as vocational self-efficacy, outcome expectations, career interests, and goals, as well as contextual factors that influence an individual’s career choices. More specifically, SCCT proposes that individual and contextual factors influence that person’s self-efficacy belief and outcome expectations, which in turn influence his or her career interests, goals, and decision-making.



Efforts to test the hypotheses derived from social cognitive theory requires comprehensive measures of the theory’s constructs [22]. However, there are currently a limited number of STEM assessments designed specifically to measure SCCT constructs. These tend to focus either primarily or exclusively on one or two theoretical constructs such as self-efficacy, outcome expectation, or contextual backgrounds. As a result, most of these studies poorly account for the set of theoretical predictors in SCCT’s prediction models [24]. Moreover, most of the STEM studies have focused on one or two STEM disciplines such as math, science, or engineering (e.g., [25,26,27,28]). In a recent review of studies published from 1983 to 2016, Rottinghaus, Falk, and Park [8] identified 17 STEM studies that used measures that were developed based on SCCT. Of these 17 studies, five focused on engineering, one on computing, eight on mathematics and science, one on science and engineering, and one on overall STEM domain vocations. There was only one measure, namely the STEM Career Interest Survey (STEM-CIS), developed by Kier, Blanchard, Osborne, and Albert [29], which assessed all four discipline-specific STEM career interests, and which was derived specifically from the SCCT theoretical constructs.



Rottinghaus, Falk, and Park [8] also reported that the majority of the STEM assessments were developed based on STEM-specific university student populations. This can be problematic in capturing specific needs and concerns of different age groups. Middle schools and High schools present an opportunity for students to explore academic interests and plan for further education. The high school years are a time when students carefully examine their career choices [30], including careers in STEM [31]. Therefore, it is important to examine the career interests of students at this stage.




1.2. The Current Study


Thus, the focus of this study is to adapt and validate a STEM career interest assessment for Taiwanese high-school students that measures discipline-specific STEM interest and SCCT construct-specific STEM interests. Guided by SCCT, Kier et al. [29] developed a Career Interest Survey (STEM-CIS) that measures the six key constructs of the SCCT. The 44-item STEM-CIS has four discipline-specific subscales, each pertaining to one of the STEM subject areas with aspects derived from the SCCT. Although the authors have confirmed the four discipline-specific subscales, they did not specifically examine the theoretical construct of the scale. Additionally, STEM-CIS was originally created based on the SCCT model, and no study to date has examined the validity of the theoretically based SCCT scales with a high-school sample.



This study seeks to advance the current research by investigating the psychometric properties of the Chinese version of the STEM-CIS (STEM-CCIS) using a sample of Taiwanese high-school students. Nearly 1.2 billion people speak Chinese as their first language. Therefore, counselors worldwide are searching for instruments that are readily available for Chinese-speaking populations. Specifically, we examined the adapted Chinese version of the scale on discipline-specific dimensions (Science, Technology, Engineering, and Mathematics) as well as the SCCT theoretical dimensions (STEM Self-efficacy, STEM Outcome Expectation, STEM Interests, STEM Goals, Contextual Support and Barriers, and Person Inputs). Besides internal consistency, reliability of the four subscales was also investigated.





2. Methods


2.1. Participants and Procedures


Five-hundred and ninety high-school students participated in this study. Participants were recruited from two high schools, one private and one public high-school, located in the central part of Taiwan. Three-hundred and fifteen males, 275 females; 361 10th graders, 188 11th graders, and 41 12th graders were recruited. Mean age = 16.2; SD = 0.73. Of the 590 students invited to participate, three did not return a completed consent form, 12 did not complete the questionnaire, and 15 did not fill out the questionnaire correctly, as determined by validity checks. Validity checks are questions built in the questionnaire to check if students answered questions carefully by asking students to skip a question. There were no statistically significant differences between schools in terms of gender and age. After receiving institutional review board approval (IRB Number: 3509), the investigators administered the questionnaires through a Qualtrics online survey program created specifically for this study. Before administering the questionnaire, a brief description of the purpose of the study and an informed consent process were given to the participants. The questionnaire took about 30 minutes to complete.




2.2. Measures


The STEM-CIS developed by Kier et al. [29] was adapted for this study. The STEM-CIS is a 44-item instrument that measures student’s interests in STEM subjects and careers. The initial items developed were based on an extensive literature review guided by the SCCT theoretical framework, as well as other instruments measuring STEM courses and careers (e.g., [20,32]). Items were created to measure key constructs associated with the Social Cognitive Career Theory [7]. Each discipline-specific subscale contains 11 items that address six social cognitive career factors: self-efficacy (2 items), outcome expectations (2 items), goals (2 items), interests (2 items), contextual supports (2 items), and person inputs (1 item). The scoring was done with a five-point Likert scale, with response options ranging from “strongly disagree” (1) to “strongly agree” (5). Higher scores reflected the greater perceived value of the subject. Kier et al. [29] reported that the Cronbach’s alpha of the STEM-CIS ranged from 0.77 to 0.89 for the subscales.



To ensure the accuracy of the translation, a back-translation procedure was implemented [33]. First, the original version of the survey instrument was translated into Chinese by a doctoral level bilingual person who had knowledge of both the Chinese and English cultures. For back translation, a bilingual (English and Chinese) person who had a bachelor’s degree in English and a Master’s degree in translation, and had no background in counseling or psychology performed the back translations. In order to reach consensus on the match between the original version of the survey instrument and the back-translation version, the first author and second author, both who have a doctoral degree in counseling and a related educational field, inspected the original items with the back-translated items. Upon agreement, corrections were made to ensure that the Chinese version maintained the original meanings and concepts of the original English version.



In addition, to ensure the survey instruments could be read and understood, five high-school students were invited to fill out the questionnaire and provide feedback on the instructions, question format, and wording. Additional revisions were made based on their feedback before the survey instruments were finalized and administered to the participants.




2.3. Statistical Analysis


Prior to the analysis, we examined missing values and outliers. We handled missing values with single imputation with the AMOS data imputation (with regression). The cases with missing values were a small portion and were missing at random. Using a histogram and the spread of the scores, we observed no outliers. All observed variables had skewness and kurtosis indices that fell within ±1, suggesting an acceptable normal distribution of the data.



A series of confirmatory factor analyses (CFA) using AMOS (SPSS add-on module version 21) was conducted to assess the structural validity of the 44-item STEM-CIS Chinese version. We chose a maximum likelihood parameter estimation method because the data were normally distributed [34]. Although CFA is typically a confirmation process, testing the model fit by specifying the model restrictions is a common practice [35]. Fourteen measurement models were examined (see Table 2). Model 1 through Model 6 involved discipline-specific scales, whereas Model 7 through Model 13 involved the SCCT theoretical scales. Specifically, Model 1 represented the Math subscale, Model 2 represented the Science subscale, Model 3 represented the Engineering subscale, Model 4 represented the Technology subscale, Model 5 represented a one-factor solution (full scale), and Model 6 represented a four-factor solution (full scale). Model 7 through Model 12 was a single-factor model measuring each of the six latent variables SCCT: STEM self-efficacy, STEM goals, STEM outcome expectation, STEM Interests, contextual support, and person inputs. Model 13 was a first-order model of the six-factor SCCT scale.





3. Results


3.1. Descriptive Statistics and Reliability


Table 1 presents the means, standard deviations and internal reliability coefficients for the factors of the STEM-CCIS. The results show a very good internal reliability with an overall Cronbach’s alpha of 0.98. The SCCT subscale internal consistency reliability coefficients ranged from 086 to 0.94. Discipline-specific subscale internal consistency reliabilities ranged from 0.92 to 0.94.



A test-retest study with a three-month period was conducted based on a subgroup of 40 10th grade students. In this study, the SCCT subscale test–retest reliability coefficients ranged from 0.60 to 0.85. Discipline-specific subscale test-retest reliabilities ranged from 0.66 to 0.79. These results demonstrate the stability of the measures.




3.2. Confirmatory Factor Analyses


A series of confirmatory factor analyses was conducted to examine factor structure of the STEM-CIS. We used multiple fit indices to evaluate if the models adequately reflected the observed data [34,36]. The Chi-Square statistics is the first measure of how well the model fits the data. However, due to its extreme sensitivity to sample size, we used the Chi-Square to degree of freedom ratio (χ2/df) as one of the evaluation criteria. In addition, we used the Tucker–Lewis Index (TLI), the Comparative Fit Index (CFI), and the Root Mean Square Error of Approximation (RMSEA) to evaluate the model fit. Model fit is usually considered adequate when the following criteria are met: χ2/df < 3, TLI > 0.90, CFI > 0.95, and RMSEA < 0.08 [35,37,38,39].



3.2.1. Discipline-Specific Model


Four one-factor CFA models (Model 1–Model 4) were tested separately for each discipline-specific domain (Mathematics, Science, Engineering, and Technology) to check whether the domain could be treated as a latent factor and how well individual items related to this factor. The initial run on each discipline-specific subscale indicated a relatively poor fit of the data due to one item “I know someone in my family who uses ‘STEM’ in their career,” which appeared four times—once for each of the STEM disciplines. Items with a factor loading less than 0.50 were deleted from the subscale. To improve the fit, we removed this particular item from the subscales. Consequently, we confirmed four 10-item discipline-specific subscales.



As reported in Table 2, a very good fit of the CFA model was found for the Math subscale (Model 1) [χ2 (27) = 77.399, χ2/df = 2.86, TLI = 0.98, CFI = 0.99, RMSEA = 0.056]. All items loaded moderately to strongly on their corresponding facets ranging from 0.67 to 0.88. Similarly, the model fit of the Science subscale (Model 2) was strong [χ2 (21) = 56.50, χ2/df = 2.69, TLI = 0.99, CFI = 0.99, RMSEA = 0.054]; factor loadings of the Science subscale ranged from 0.71 to 0.90. The model fit of the Engineering subscale (Model 3) was strong [χ2 (17) = 35.43, χ2/df = 2.08, TLI = 0.99, CFI = 0.99, RMSEA = 0.043]; the factor loadings of the Engineering subscale ranged from 0.71 to 0.93. The model fit of the Technology subscale (Model 4) was good [χ2 (16) = 47.26, χ2/df = 2.95, TLI = 0.99, CFI = 0.99, RMSEA = 0.058]; The factor loadings of Technology subscale ranged from 0.71 to 0.89.



Because some students may be interested in more than one of these STEM disciplines, we also examined how these subscales worked together as a discipline-free measure. This was a reasonable approach as the analyses showed the four latent subscale scores to be strongly correlated. Correlations between the four latent factors ranged from r = 0.78 to 0.93. Thus, we estimated two other models: single factors with full scale (Model 5) and the four-factor model with full scale (Model 6). The one-factor model with full scale suggested a poor fit. [χ2 (902) = 14043.43, χ2/df = 15.569, CFI = 0.56, TLI = 0.46, RMSEA = 0.157]. The four-factor model with the full scale also suggested a poor fit [χ2 = 11824.77, CMIN = 13.197, CFI = 0.639, TLI = 0.601, RMSEA = 0.144]. To improve the fit, we removed four items (item 41–44) "I know someone in my family who uses ‘STEM’ in their career" which appeared four times, once for each of the STEM disciplines, from the Support subscale. We also allowed the error terms within each domain-specific subscale to correlate. As can be seen in Table 2, Model 5 showed a good fit of the single factor structure [χ2 (489) = 1456.79, χ2/df = 2.97, CFI = 0.97, TLI = 0.95, RMSEA = 0.053]. Consequently, a 40-item high-school STEM-CCIS scale was confirmed. Standardized factor loadings were generally strong, ranging from 0.60 to 0.84. Model 6 examined a four-factor structure of the STEM interest full scale. The results indicated a good fit of the model [χ2 (516) = 1532.23, χ2/df = 2.98, CFI = 0.97, TLI = 0.95, RMSEA = 0.058]. Figure 1 represents the four-factor full scale model of the STEM-CCIS.




3.2.2. SCCT Model


We reorganized the 44-item STEM-CCIS scale into six subscales to measure six latent variables of SCCT. Six one-factor CFA models (Model 7–Model 12) were tested separately for each SCCT domain (Self-Efficacy, Goal, Outcome Expectation, Interest, Support, and Person Inputs) to check whether or not the domain could be treated as a latent factor, and to check how well individual items related to these domains. As with the discipline-specific model, the initial run on each SCCT subscales indicated a relatively poor fit of data due to the same items (item 41–44) “I know someone in my family who uses ‘STEM’ in their career. These items each had a factor loading that was less than 0.50. To improve the fit, we removed these items from each subscale. Consequently, we confirmed six SCCT subscales.



Results of the CFA on the six SCCT subscales showed an adequate fit of Self-Efficacy domain [χ2 (10) = 21.84, χ2/df = 2.18, CFI = 0.99, TLI = 0.99, RMSEA = 0.037]; Goal domain [χ2 (6) = 14.78, χ2/df = 2.46, CFI = 0.99, TLI = 0.98, RMSEA = 0.050]; Outcome Expectation domain [χ2 (9) = 16.65, χ2/df = 1.85, CFI = 0.99, TLI = 0.99, RMSEA = 0.038]; Interest domain [χ2 (9) = 17.24, χ2/df = 1.91, CFI = 0.99, TLI = 0.99, RMSEA = 0.039]; Contextual Support domain [χ2 (1) = 2.03, χ2/df = 2.03, CFI = 0.99, TLI = 0.99, RMSEA = 0.032]; and Person Inputs domain [χ2 (1) = 1.29, χ2/df = 1.29, CFI = 0.99, TLI = 0.99, RMSEA = 0.022].



We also tested the six-factor SCCT model. Results of CFA on the six SCCT factor model with the full scale (44 items) suggests a poor fit [χ2 (902) = 9948.68, χ2/df = 18.72, CFI = 0.57, TLI = 0.55, RMSEA = 0.147]. To improve the fit, we removed four items (item 41–44) from the Support subscale due to factor loadings being less than 0.50. We also allowed the error terms within each SCCT subscale and within each domain-specific subscale to correlate. Consequently, a six-factor SCCT scale was confirmed. [χ2 (516) = 1532.23, χ2/df = 2.97, CFI = 0.95, TLI = 0.97, RMSEA = 0.058]. Again, the results suggested that this scale contains six distinct factors representing the six SCCT domains, self-efficacy, outcome expectation, interest, goal, contextual support, and person inputs. Correlations among these factors ranged from 0.67 to 0.96. Standardized factor loadings ranged from 0.51 to 0.95. These data also suggest that this subscale represents a single coherent factor. Figure 2 represents the six-factor SCCT model of STEM-CCIS.






4. Discussion


The primary purpose of this study was to adapt and validate a newly created Chinese version of the STEM Interest Survey (STEM-CCIS) for high-school students in Taiwan. We examined both the reliability and the factor structure of the discipline-specific scales and the six-factor SCCT scale.



Our results indicate that the structural model of the STEM-CCIS, as originally conceptualized by Kier et al. [29], is replicable in a Taiwanese sample. Similarly, with Kier et al.’s study, this study showed that the STEM-CCIS also involved four strong, discipline-specific subscales: Science, Technology, Engineering, and Mathematics. The final structural model-fit statistics were similar to the fit statistics of Kier et al.’s study based on an American middle-school sample. Furthermore, we also examined a full-scale single-factor model and a full-scale four-factor model. As shown in Table 2, results have a reasonable model fit with the full-scale data suggesting that the STEM-CCIS could be treated as a single measure. Thus, it is possible to use this scale in a variety of ways as supported by these analyses. It may be defensible to use any of the four subscales individually, and it may also be defensible to use the combined scale score to indicate an overall interest in STEM career without distinguishing specific fields.



Although the fit statistics indicate replication of the model with the Taiwanese sample, we removed one item (in the form of “I know someone in my family who uses ‘STEM’ in their career,”) from each of the discipline-specific scales due to low factor loadings (< 0.50). These items yielded relatively smaller mean scores and larger standard deviations than did other items of the scale. The reason for the poor fit of these items with the Taiwanese sample warrants further investigation. It may be that Taiwanese students are less likely to recognize the kind of knowledge/skills their family members use in their jobs compared to the North American students. Further studies are necessary to address this question.



As mentioned earlier, although STEM-CIS was originally created based on the SCCT model, no study to date has examined the validity of the theoretically based SCCT scales with high-school samples. Given the strong research interests and counseling applications of SCCT, the present study also examined how the data fit the SCCT. Our findings showed a good fit of the data for the theoretical model. As can be seen in Table 2, we have separately confirmed six SCCT domain specific scales (Model 7–Model 12) as well as the six-factor model (Model 13). Correlations between the six latent factors (self-efficacy, outcome expectations, goals, interests, contextual supports, and personal disposition) ranged from r = 0.67 to 0.96. These findings show strong support for using a combined scale score, as well as the individual subscales to assess career interests of high-school students.



4.1. Implications


There are several implications from the present study that may be considered in practice when working with high-school students. For program development and counseling intervention, counselors and educators may consider using the STEM-CCIS to screen students who may be interested in STEM careers. Different approaches can be used to assess STEM-CIS, including independent and combined scale approaches. The combined scale may be used to indicate an overall interest in STEM fields followed by examining discipline-specific scales to gain a further insight into the nature of the individual’s interests. Given the range of academic majors and occupations organized under the STEM umbrella, there is a need to go beyond STEM as a uniform domain to more specialized considerations [8]. Another approach is to use the combined scale for students who are in the beginning stage of exploring STEM interests and use a discipline-specific scale for students who have solidified their field of interest. Counselors and educators can also find STEM-CIS useful in developing career intervention programs for students who may be interested in STEM careers. Counselors and educators could incorporate career interventions that focus on different components of the SCCT, such as increasing self-efficacy to increase students’ STEM career interests.



The findings of this study also have implications for future research. More research is needed to validate this instrument with other populations of school-aged students in Taiwan, and to include Mandarin-speaking populations around the world. Future studies may investigate how high-school students’ interests in a STEM career are influenced by the key variables of the SCCT. Longitudinal and experimental research can also help identify which interventions are most successful for Mandarin-speaking populations.



Despite its theoretical contributions, this study is not without limitations. First, this study only recruited participants from a relatively homogeneous sample in the central part of Taiwan. Further studies are necessary to determine if the STEM Chinese CIS can be applied to other Chinese speaking populations such as students in Hong Kong and China. Second, potential biases exist due to the nature of the self-reported data collection method. Some high school students may not have crystalized their career interests at that stage of their lives. Their responses to the survey question may reflect their parental expectations rather than their own wishes. This may not be unusual in the cultural environment in Taiwan. This suggests parents could also be a target of future interventions. Given the limits of paper-and-pencil measures, it is suggested that researchers incorporate qualitative procedures to supplement the psychometric advancement in mixed methods studies.




4.2. Conclusions


In conclusion, our findings suggest that STEM-CCIS possesses adequate reliability and factorial validity, replicating the sound psychometric properties of the original English version of the STEM-CIS for use with high-school students. A variety of approaches can be used to measure STEM-CIS. Furthermore, the present study provides strong theoretical evidence underlining this measurement scale. Now that the measurement model of the scale is confirmed, future studies may use structural equation modeling to investigate how high-school students’ interests in a STEM career are influenced by the key variables of the SCCT. The characterization of these factors could allow counselors and policymakers to take a proactive approach towards tailoring developmentally appropriate and culturally sensitive career interventions for individuals who are considering a career in STEM.
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Figure 1. STEM-CCIS: Four-factor full scale model. 
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Figure 2. STEM-CCIS: Six-factor SCCT model. 
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Table 1. Descriptive Statistics of STEM-CCIS Subscales.
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