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Studies revealed that science learning in early childhood is associated with primary and secondary school readiness, improved causal reasoning, increased interest in science in later life, and with long-term effects on academic achievement. Thus, having valid and reliable instruments to assess children's science learning becomes critical in early childhood education (ECE). The main goal of the current study was to examine the psychometric properties of the Greek version of the Science Learning Assessment (SLA), an instrument developed in the USA to assess science learning in ECE. Randomly selected from 53 preschool units in Greece, 528 children were administered with the Greek version of the SLA. Advanced statistical methods (CFA, IRT framework) were employed to analyse the data and the results showed that the Greek version of the SLA displayed acceptable psychometric properties. Therefore, it can be argued that the Greek version of the SLA is a valid and reliable scale for assessing children's science knowledge in ECE, capturing universal concepts of science knowledge children in early childhood.
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INTRODUCTION

Science learning is a very important subject in education, and it is anticipated that future demand for science knowledge will increase due to emerging challenges in the fields of feeding, growing population, spread of diseases, water supply, climate change etc. The demand for more experts in several science subjects, and for a higher level of citizens' scientific literacy is constantly increasing, since there is a growing need to improve the understanding of all these socio-scientific topics that have a substantial impact in human lives (Hammer and He, 2014).


Science Learning in Early Childhood

In contrast with the Piagetian perspective that children in early childhood have limited skills of learning science due to developmental limitations, it is now widely acknowledged that science learning holds a critical position in early childhood education (ECE) as children are very competent in capturing complex ideas from early years (Metz, 2004; Akerson et al., 2015; Clements and Sarama, 2016). Results from recent studies in Greece (Kallery et al., 2009; Ergazaki et al., 2015; Kalogiannakis et al., 2018; Kalogiannakis and Papadakis, 2019), and other countries examining science knowledge in early childhood, revealed that children's eagerness and curiosity in learning constitute an ideal field where science knowledge can be cultivated (Gelman and Brenneman, 2004; Brenneman and Louro, 2008; Samarapungavan et al., 2008, 2009, 2011; Mantzicopoulos et al., 2009; Bagiati et al., 2010; French and Woodring, 2012; Ergazaki et al., 2015; Greenfield, 2015; Guo et al., 2015; Vitiello et al., 2019). Thus, concerns about the developmental readiness of preschool children for science knowledge can be overridden, since children's ability to internalize knowledge about science concepts has been proven. Therefore, it can be argued that it would be most beneficial to deal with science content knowledge from this early stage of their education.

In line with the previous arguments, several studies showed that science learning in ECE is associated with primary and secondary school readiness, improved causal reasoning, increased interest in science in later life, and long-term effects on academic achievement (Clements, 2001; Watters et al., 2001; Arnold et al., 2002; Connor et al., 2004; Ginsburg and Golbeck, 2004; Kallery, 2004; Hamre and Pianta, 2005; Duncan et al., 2007). Brain and neuroscience research revealed that, for certain domains, learning occurs most efficiently in a time period early in children's life, and science learning is one of these domains (Kallery et al., 2009). Children at this age are motivated to learn science content, and the lack of encouraging them toward this direction is likely to result in a decline of their curiosity and interest (French, 2004; Eshach and Fried, 2005). Hammer and He (2014) also supported the recent research-based evidence, by suggesting that ECE is an appropriate environment for emerging children's awareness in science.

Introducing science teaching in ECE is not considered that will -ad hoc- enhance children's knowledge and interest. Content, didactical approaches, and teacher competencies are very crucial for the successful implementation of science teaching in ECE. Recent studies revealed that many problems in promoting science learning in ECE can be attributed to teachers' attitudes and/or competencies (Gomes and Fleer, 2018; Sundberg et al., 2018).



Science Learning in the Greek ECE Setting

As in many ECE systems around the globe, in the Greek ECE science teaching is constantly gaining attention the last two decades. First, the national curriculum for the Greek ECE developed in 2002 and implemented since then in all ECE settings discusses in detail the field of sciences, including activities in the domains of physics, biology, environment etc. (MoE/PI, 2002). The Greek national curriculum acknowledges the crucial role of children's engagement with science activities and supports their physical and mental involvement with science activities (Kallery et al., 2009).

All of the academic departments responsible for ECE have already developed relevant modules at under- and postgraduate level for their students. These academic departments have also organized several conferences the last 20 years (see for more details in sece.gr), covering extensively the field of science in ECE (e.g., curricula, attitudes, learning environment, didactical approaches for science teaching, environmental issues, etc.). This scientific activity has boosted research in the Greek ECE settings regarding the science topic, resulting to several publications in international peer reviewed journals (e.g., Kallery et al., 2009; Giallousi et al., 2014; Fragkiadaki et al., 2017; Kalogiannakis et al., 2018; Kanaki and Kalogiannakis, 2018; Kalogiannakis and Papadakis, 2019). Conclusively, it can be argued that the domain in Greece has gained at least the attention of the researchers and academics.



Assessing Science Learning in Early Childhood

As science education in ECE is expanding, new curricula, or programs are developed and implemented. This expansion raises the issue of assessing accurately children's gains in knowledge from such initiatives. Researchers pointed out that the increased focus on science education in ECE is not accompanied by a similar focus on the assessment field, revealing the dearth of research in validly evaluating science knowledge in ECE (Greenfield, 2015; Vitiello et al., 2019). A possible explanation could relate to the fact that unlike other areas such as literacy, the creation of universal standards is lacking for science education in ECE (Greenfield, 2015). To ensure the merit and worth of science curricula or programs, measures with sound theoretical and psychometric characteristics are essential. However, researchers stressed the lack of an adequate number of reliable and valid instruments available for assessing early childhood science knowledge (Brenneman, 2011; Kloos et al., 2012; Greenfield, 2015; Zucker et al., 2016). In the Greek ECE this lack is considered more extended, as despite the increase of relevant studies in the Greek research community, evidence for the psychometric properties of instruments are not in the core of the research questions addressed (e.g., Tsigilis et al., 2007; Grammatikopoulos et al., 2008, 2015; Grammatikopoulos, 2012).

The instrument used in the current study is called Science Learning Assessment (SLA), and it has been developed to evaluate early childhood student's knowledge in science (Samarapungavan et al., 2008, 2009, 2011; Mantzicopoulos et al., 2013). It consists of two dimensions, the Scientific Inquiry Processes (SIP) factor containing nine items, and the Life Science Concepts (LSC) factor containing 15 items.

The establishment of the validity and reliability of an instrument is a long and ongoing procedure (Zhao and Gallant, 2012). The present study is an attempt to test the function of an instrument measuring science knowledge in ECE in a different country than the one where it was initially developed. An additional challenge to face, is that there are findings not fully confirming the factor structure of the SLA (Samarapungavan et al., 2009) and the authors suggested that the instrument has to be further tested in the field.

To the best of our knowledge the appropriateness of the SLA has been examined solely within the Classical Test Theory (CTT), namely through exploratory factor analysis and internal consistency. Despite the fact that CTT is a valuable approach, there is criticism for its limitations, such as sample dependent statistics, inability to discriminate between item difficulty, and participants proficiency, identical measurement error for all scores etc. Item response theory (IRT) is a modern measurement framework for examining the psychometric properties of tests and questionnaires. IRT has many advantages in comparison to CTT (Embretson and Reise, 2000; DeMars, 2010). Contrary to CTT which focuses on a total test score, IRT models relate items performance to the underlying trait using a non-linear function. In addition, IRT can discriminate between item difficulty and participants' ability levels. When its assumptions are satisfied, item parameter estimates are independent of the specific sample which has been used to calculate them. The inherent measurement advantages of the IRT over CTT make it a valuable alternative, which reveals aspects of items, measures, and concepts that CTT cannot unravel (Singh, 2004).



Purpose of the Study

The purpose of the current study was to examine the initial psychometric properties of the Greek version of the SLA using the Item Response Theory framework and to test its invariance across gender. The main research question of the study focused on whether the Greek version of the SLA has adequate psychometric properties for assessing science knowledge in the Greek ECE.




METHOD


Participants

The random selection of ten children per classroom from 53 Greek public preschool classrooms resulted to 528 children (271 boys, 257 girls) who participated in the current study. Their mean age was 60.3 months (± 16.1). The parent of each participating child was administered and completed a written consent form.



Measures and Procedure

The instrument of the current study was the SLA, a measure of science learning for ECE students (Samarapungavan et al., 2008, 2009, 2011; Mantzicopoulos et al., 2013). The SLA consists of 24 items designed to assess target concepts of science knowledge based on the National and State (Indiana) Science Education Content Standards for Kindergarten. Nine items measure the SIP (e.g., understand the empirical basis of science, knowledge about the natural world), and 15 items measure the LSC (e.g., understand the characteristics of living things, understand living things' life cycles) (Samarapungavan et al., 2009). The SLA response process requires from each respondent to select among multiple choices the right one. Respondents are administered two, three or four choices for every question, and they have to choose the right one (Figure 1). Thus, the SLA scoring method is based on a binary format in which correct answers are given a score of 1 and wrong answers or non-answers a score of 0, and the possible total score on the SLA ranges between 0 and 24.


[image: Figure 1]
FIGURE 1. Schematic representation of the items 10 & 11 of the Greek version of SLA.


In previous research, the SLA was tested for its psychometric properties using Confirmatory Factor Analysis (CFA) showing a non-tenable structure (Samarapungavan et al., 2009). For the Greek version of SLA, the authors decided to include all the items of the original scale, but responses to three pairs of them (10–11, 12–13, 20–21) were combined, as the items 10, 12, and 20 were just “basis” questions that could be correctly answered by chance, whereas correct responses for the followed items (11, 13, and 21, respectively), again in correct/wrong format, were justifications for the preceded items (see Figure 1). The original SLA was back translated and then it was presented to an expert (experienced academic scholar in science education) in order to secure that the items of the Greek version of the SLA were meaningful in Greek language and easily understandable by children in early childhood.

Following the procedure described in the study of Samarapungavan et al. (2009), the children were administered the scale individually in the teacher's office and the whole procedure for the completion of the SLA lasted ~10 min.



Data Analysis Strategy

To examine the dimensionality of the SLA confirmatory factor analysis (CFA) procedures were employed. Following the work of Samarapungavan et al. (2009), two candidate models were postulated. The first model hypothesized that one latent factor underlies responses to 21 items, whereas the second model hypothesized a two-factor structure.

All analyses were conducted using Mplus ver. 7.3 (Muthen and Muthen, 2012). Given that SLA's responses are dichotomous, variables declared as categorical in the Mplus syntax meaning that a tetrachoric correlation matrix was calculated and entered for analysis. Moreover, the mean and variance adjusted Weighted Least Squares (WLSMV) was used as the most appropriate estimator for the specific data set (Wang and Wang, 2012). Evaluation of model's fit was based on χ2 statistic, Comparative Fit Index (CFI), and Root Mean Square Error of Approximation (RMSEA). CFI values around 0.95 and RMSEA values of 0.06 were considered as indicative of a well-fitting model (Hu and Bentler, 1999). With categorical data Mplus provides the weighted root mean square residual (WMSR) instead of the standardized root mean square residual (SRMR). WRMR values of 1.00 or lower denote a good fit (Yu, 2002).

Based on the CFA results the most viable model, unidimensional or multidimensional, was selected to calibrate SLA items. Likelihood ratio test results determined the appropriate number of parameters. Next, it was examined whether SLA latent scores are independent of children gender. In case that boys and girls with the same latent score have different probabilities for selecting the correct response for a particular item, then this item exhibits differential functioning (DIF). Additionally, it has to be pointed out that, when translating a questionnaire into another language, the psychometric properties of the items may change. Thus, researchers suggest examining the equivalence of the items using Differential Item Functioning (Penfield and Camilli, 2007; Greenfield, 2015). Differential item functioning (DIF) was tested within the structural equation modeling framework using multi-group approach (Finch and French, 2007; Muthen and Muthen, 2012). Initially, the most tenable SLA model was fit separately to boys and girls. Following this step three consecutive models were tested, in which constraints were introduced in a hierarchically increasing fashion. Configural model (simultaneously fit to both gender with no additional constraints, M0), metric invariance model (equal loadings, M1), and scalar invariance model (equal thresholds, holding loadings invariant, M2). Presence of metric invariance suggests equal item discrimination and hence non-uniform DIF is not an issue. On the other hand, if scalar invariance holds, it means that both discrimination and location parameters are equal, that is absence of DIF. Because the examined models were nested Δχ2 was used to compare the unconstrained to the (more) constrained model. Given that the estimator was the WLSMV, the DIFFTEST option provided by Mplus was utilized for model comparisons.




RESULTS


Descriptive Analysis

Participants' descriptive data regarding their SLA scores, for the overall sample as well-across gender are presented in Table 1. It is interesting to notice the relatively high score the Greek students in the SLA—Scientific Inquiry Processes subscale (5–6 correct answers out of 9) achieved, and the low score in the SLA—Life Science Concepts subscale (5–6 correct answers out of 15).


Table 1. Descriptive statistics for the Science Learning Assessment of the Greek sample.
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Dimensionality of the SLA

CFA results concerning the unidimensional model showed an issue attributed to item 23 (items retain the same numbering of the original SLA). Specifically, the residual covariance matrix was not positive and item's 23 standardized factor loading exceeded unity. This item was excluded, and the analysis was rerun. Although χ2 value was statistically significant, goodness-of-fit indices suggesting an excellent fit to the data, χ2 = 292.96, df = 170, CFI = 0.973, RMSEA = 0.037, 90%CI RMSEA = 0.030 to 0.044 WRMR = 1.080. Similar fit indices were observed for the two-factor model, χ2 = 268.70, df = 169, CFI = 0.978, RMSEA = 0.033, 90%CI RMSEA = 0.026 to 0.041, WRMR = 1.022. Chi-square difference test between the two models showed that the two-factor model yielded a better fit to the data than the unidimensional model (Δχ2 = 13.89, df = 1, p = 0.0002). All factor loadings were statistically significant ranging from 0.31 to 0.90. The association between the two latent factors was positive and very strong (0.874, SE = 0.033). A 95% confidence interval around the estimated correlation did not include unity, suggesting that although “Scientific Inquiry Processes” (SIP) and “Life Science Concepts” (LSC) factors are highly correlated they represent distinct constructs. Thus, the two-factor model was selected as the most tenable for the SLA data.



Item Response Analysis of the SLA

Next, a multidimensional IRT model was fitted to the SLA items. A simple structure model was adopted, in which an item was related only to its corresponding dimension (Hartig and Höhler, 2008). In order to select the most appropriate multidimensional IRT model, we fitted 1PL (−2LL = 10664,72; df = 23; AIC = 10706,72; BIC = 10796,45), 2PL (−2LL = 10255,99; df = 41; AIC = 10337,99; BIC = 10513,18), and 3PL (−2LL = 10340,46; df = 61; AIC = 10462,46; BIC = 10723,10) models. All models were converged without any problems. The −2LL as well as AIC values suggested that the best fitting model was the 2PL. Moreover, likelihood ratio tests also indicated the prevalence of the 2PL model. Examination of items local independence for the 2PL model showed that standardized LD χ2 values were below 10, suggesting that this assumption was met (Cai et al., 2011). The largest association after accounting for the multidimensional IRT model was between items #Life 19 and #Life 21 (standardized LD χ2 values = 8.4). To test SLA fit at item level the S-X2 (Orlando and Thissen, 2003) was employed. P-values were adjusted using Holm-Bonferroni method. Results showed that two items (#Life 22 and #Life 24) yielded statistically significant values.

Table 2 presents the derived multidimensional IRT parameters. The location estimates for the Scientific Inquiry Processes dimension ranged from 0.46 to −1.80 suggesting that the items were fairly easy for the participants. Moreover, the discrimination estimates ranged from 0.53 to 2.51 indicating that there was a substantial variability in the degree to which the items discriminate. With regard to the Life Science Concepts dimension location estimates varied from 0.39 to 3.85 suggesting that most of the items were rather difficult for the children. In addition, discrimination estimates yielded high values indicating that these items could effectively discriminate among participants with similar knowledge in Life.


Table 2. SLA items calibration results.

[image: Table 2]

Test information of the SIP and LSC are presented in Figures 2, 3, respectively. Information is not constant but fluctuates in relation to the ability level. Test discrimination ability is maximized in areas of the latent trait that has the highest information level (area around the pick of the information curve). SIP information yielded its highest value about half standard deviation below average. From Figure 2 it can be easily inferred that this SLA dimension reliably captures children with SIP within a −1.5 to 0.05 range. Information concerning the LSC dimension peaks about half standard deviation above average and it seems to reliably assess children within a −0.5 to 1.5 range. Although a single number for reliability it is not frequently reported in IRT for item or test information, we decided to present it in order the current study's results to be comparable with previous studies. Using the mirt library in R the values were: 0.804 for SIP dimension and 0.841 for LSC dimension.


[image: Figure 2]
FIGURE 2. SLA information function for the Scientific Inquiry Processes dimension.



[image: Figure 3]
FIGURE 3. SLA information function for the Life Science Concepts dimension.


After item calibration, children responses to SLA items were examined for metric and scalar invariance. DIF results are presented in Table 3. First, the derived two-factor model was simultaneously fit to both groups (M0). Chi-square values were statistically significant for males but not for females. However, all goodness-of-fit indices suggest an excellent fit to the data. Next, the Configural model was tested, in which the 2PL model was simultaneously fit to both genders with no constraints. Results clearly denote the tenability of similar SLA construct across gender. Thus, the necessary condition for testing differentiation of item parameters was satisfied.


Table 3. Chi-square and goodness-of-fit indices for the DIF analysis.
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At the following step of analysis item loadings were constrained to be equal across gender. Chi-square value was not statistically significant and goodness-of-fit indices satisfied the cut-off values. Moreover, Δχ2 was not statistically significant, suggesting that the addition of equality constraints did not deteriorate the fit of the model. Thus, the hypothesis of equal items loading was met, indicating that the SLA item discrimination parameters are stable across gender.

Finally, the scalar invariance model was considered (M2), in which the equality of items threshold was tested, holding items loading invariant. Despite the excellent fit of the model, Δχ2 was statistically significant. Modification indices were used to locate the source of model's deterioration. Results showed that the first item of the SIP dimension might function differently for boys and girls. Thus, threshold of item 1 was allowed to vary across gender and the model was rerun (M2mod). A comparison between the metric invariance model with the modified scalar invariance model yielded a non-significant model, suggesting that, with exception of item 1, SLA items difficulties are robust across gender. Examination of the thresholds for item 1 showed that boys yielded higher values (−0.741) in comparison to girls (−1.434).




DISCUSSION

A notable finding of this study was the performance the Greek children scored on the SLA. Their total mean score ranked at 11.37 (out of 24). Comparing their performance with the children from USA (12.03/24) that participated in the Samarapungavan et al. study (2009), it was found that both groups were relatively at the same level of knowledge (p = 0.47). However, a separate examination and interpretation of the scores on the two subscales of the SLA can lead to quite different conclusions. The Greek group scored on the Scientific Inquiry Processes quite high (5.27/9), while the USA control group scored 2.89 (p < 0.001) (Samarapungavan et al., 2009). The situation was quite different regarding the Life Science Concepts. The Greek group scored 5.94/15) whereas the USA control group scored 9.14 (p < 0.001).

Samarapungavan et al. (2009) argued that children are likely to acquire knowledge about nature without understanding the processes, while the converse is unlikely. In the current study, the findings revealed the opposite. Greek children seem to know less about nature than about the processes by which this knowledge is constructed.

The reason for this finding could be partially attributed to the curriculum of the Greek ECE. The Greek national curriculum focuses mainly on processes like the content of the Scientific Inquiry Processes items, and not on nature or environment knowledge that are the content of the Life Science Concepts items. An additional explanation could be found at the different environment of the studies. The most characteristic evidence was the scores on the item 6 [(Show pictures) Two girls found an egg. “the girl in green thinks it is a duck egg. “the girl in blue thinks it is a goose egg. How can they find out what it is?]. This item was the most difficult to be answered correctly (2 and 1.7% correct answers) in two studies in the USA (Samarapungavan et al., 2009, 2011), while it appeared to have moderate levels of difficulty for the Greek participants (see Table 2). Another possible reason for the above result could be attributed to the aggregation of the three pairs of items (all of them were in the LSC factor). In the Greek version of the SLA these items were by far more difficult than the USA version, as the Greek students had to answer both questions of each pair correctly. Of course, further directly comparative studies in different environments would be required in order to draw solid conclusions for this case.

The results in our study confirmed the two-factor structure of the SLA as initially was designed (Samarapungavan et al., 2009), supporting the research question. The 20-item Greek version of the SLA appeared with two robust factors (SIP & LSC) with nine and 11 items, respectively. The results of this study about the Greek version of the SLA argued that it can be considered a valid and reliable instrument for evaluating science knowledge in the Greek ECE. The validity of the Greek version of the SLA can be inferred by the factor structure and the adequate discrimination parameters (Table 2). The precision of measurement however seems to differentiate in relation to specific factors. In particular, SIP appears to assess with reasonable levels of precision children with low to average levels of science knowledge (Figure 2). On the other hand, LSC assesses precisely, children with average to high levels of science knowledge (Figure 3).

The IRT framework, employed in the current study provided interesting evidence for the function of the specific items. First, difficulty parameters indicated that the SIP was not so difficult for Greek children as it was for the USA sample in Samarapungavan et al. studies (2009; 2011). The Greek participants seem to understand conceptually the key aspects of scientific processes as measured by the Greek version of the SLA. Regarding the LSC items IRT analysis revealed that the LSC items were quite difficult to be answered. Samarapungavan et al. (2011) argued that such findings are vital in the light of developmental research investigating children's limitations in their understanding of the science learning in early school years. Second, discrimination parameters indicated that the SLA items effectively discriminate Greek participants in our study. Moreover, it has to be pointed out that Life Science Concepts items yielded higher disclination parameters in relation to the Scientific Inquiry Processes items (Table 2). These results were not in congruence with the analyses investigating discrimination parameters in the Samarapungavan et al. study (2009). Yet, a direct comparison cannot be applied, as the method used then (Kelley's procedure, 1939) differs from the more sophisticated and advanced IRT framework that was applied in the current study.

For the factor Scientific Inquiry Processes all the items (9) were retained, whereas one item (#23) was discarded from the Life Science Concepts dimension based on the analysis. There isn't any apparent reason why this item was proven problematic in the current study. In Samarapungavan et al. (2009) study this item appeared as the easiest item of the instrument (95% correct answers). Moreover, when translating items into another language it is likely that some of them might change their properties (Penfield and Camilli, 2007; Greenfield, 2015).

Three pairs of items (#10–11, #12–13, #20–21) of the questionnaire were aggregated for conceptual reasons. The items 10, 12, and 20 are basis questions for the followed items 11, 12, and 21. For example, item 20: “Which of these is a living thing (show pictures)? a) Plant; b) Car; c) Table” Then, after the participant's answer the question 21 follows: “Why is it a living thing? How can we tell that it is a living thing?” Here, the correct response is considered if the participant names two or more characteristics of living things, e.g., grows, needs food/water, breathes, moves on its own, etc. As it is obvious, the key response here for the understanding of the Life Since Concept is the justification of why a Plant is a living thing, and not just a guess of which a living thing is. Thus, responses were combined for the above three pairs. Only if the participant correctly answered the first question of each pair, we continued with the next one, and if they also correctly answered the second part, only then a positive score was awarded for the item. As it was expected these items yielded increased difficulty levels in comparison to rest of the LSC items. Moreover, the results justified the above decision as the proposed two-factor structure was replicated in the current study.

The LSC factor needs to be further studied, especially in the Greek ECE, where the focus of the teaching is closer to the content of the Scientific Inquiry Processes items. It would also be interesting for future studies if an intervention was designed and implemented focusing on the development of children knowledge about nature, environment and relevant concepts.

With the exception of the first question, no differences were detected between boys and girls regarding their knowledge in science as assessed by the SLA items. The SLA items exhibited similar function irrespectively of the gender, providing evidence for the validity of the Greek version of the SLA, something that was also found in a similar study with older children (Morgan et al., 2016). This finding is not congruent with a widely accepted perception that boys are likely to perform better in Science Technology Engineering & Mathematics. Yet, there are studies challenging the above notion revealing that there isn't any difference in performance in science knowledge between boys and girls (Mantzicopoulos et al., 2008; Samarapungavan et al., 2009; Guo et al., 2015). Guo et al. (2015) argued that the gender gap in science knowledge maybe a finding for older children and that girls in early childhood do not lag in their competence to learn science. On the other hand, Fleer (1990) argued that the limited exposure to science education in ECE might be the reason for the above result.

We have to be very cautious in reporting firm conclusions, considering the age group under investigation, the relativeness in child evolution at this period of their life, the different instructional guidelines in curricula, the different content and approaches in teaching, and so many other factors that could affect children performance. In her paper, Fleer (1990, p. 366) concluded that in order to have a balance between males and females in their performance in science, “then a concerted effort to conduct research in technology education, commencing at the early childhood level, is urgently needed.” This investigation has to be continued further by taking into account additional cultural and societal factors and focused on specific content knowledge each time.



LIMITATIONS

Although the current study's methodology relied on rigorous statistical methods (IRT, structural equation modeling), it is not without limitations. The current results are encouraging, but other types of validity should also be examined in order for the Greek version of SLA to be established as an instrument of choice to test science knowledge. Criterion and convergent validity together with reliability testing are important aspects of the SLA's applicability, and further research activities should be adopted toward this direction, before drawing firm conclusions for the instrument's final psychometric properties. Moreover, as the data were cross-sectional it would be interesting to also collect data in different time periods during the academic year, in order to inspect how children's knowledge evolves. Finally, teacher competencies could not be tested in the current study due to limited resources and time. Future studies should take this factor into consideration as it may influence children's knowledge (Gomes and Fleer, 2018; Sundberg et al., 2018).



CONCLUSIONS

Children in early childhood are qualified learners even for demanding and complex understandings of science learning (Bonawitz et al., 2009; Samarapungavan et al., 2009, 2011; Mantzicopoulos et al., 2013; Zucker et al., 2016). Yet, studies argued that the lack of valid and reliable instruments hinders the efforts of integrating science learning and instruction in ECE (Brenneman, 2011; Kloos et al., 2012; Zucker et al., 2016). To this respect, the assessment of the psychometric properties of an instrument assessing preschoolers' science knowledge seems to contribute toward the expansion of science learning implementation in ECE. The purpose of the current study was to provide to the Greek ECE a valid and reliable instrument that would serve as a tool to assess science learning. The Greek version of the SLA showed adequate psychometric properties regarding the factor structure and item difficulty and discrimination. The shortcomings revealed could be a spark in order to test further the SLA in the field practice. Its application in studies in the USA and Greece revealed that it is a promising evaluation instrument capturing universal concepts of science knowledge children in early childhood, and that it can be used in diverse environments. The provision of a valid instrument for assessing children's science learning, using a strong and flexible theoretical measurement model (Edwards, 2009) is adding value to the Greek ECE. Having instruments with sound psychometric properties to assess children's learning in various disciplines is a prerequisite for the successful design and implementation of curricula and programs in education field. Otherwise, the utility of assessing children's learning can be considered ambiguous. Thus, in the field of science learning in the Greek ECE, the SLA could help policy makers, researchers, and practitioners to assess effectively children's science learning based on a valid measure.

In order to create strong evidence base for science knowledge in ECE it is essential that researchers have access to valid assessment tools. To this respect, instruments that accurately assess science knowledge in ECE can provide robust evidence about students' learning outcomes. The SLA can serve as an example of such an instrument by providing acceptable psychometric characteristics in the current study. Conclusively, even if the Greek version of the SLA appeared to be a competent instrument for the assessment of children's science knowledge in ECE, further studies with rigorous sampling methods and more complex validity and reliable assessments will be needed before drawing firm conclusions.
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