International Journal of Early Childhood Environmental Education, 10(1), p. 14

International Journal of Early Childhood Environmental Education h naaee
Copyright © North American Association for Environmental Education North American Assoclation
|SSN 2331—0464 (online) for Environmental Education

Psychometric Validation of a Game-based Testing Instrument to Measure
Preschool Children’s Environmental Knowledge and Connection to Nature

Jessica MacKeen

Dalhousie University, Canada
Tarah Wright

Dalhousie University, Canada
Daniel Séguin

Mount Saint Vincent University, Canada

Heather Cray

Dalhousie University, Canada

Submitted April 26, 2022; Accepted November 3, 2022
ABSTRACT

In this study, we use face and content validity to determine whether a modified game-based testing instrument is
appropriate and relevant for quantifying preschool children’s emotional, cognitive, and attitudinal affinity with
nature. Six environmental psychology experts completed a questionnaire and subsequent interviews with three of
them provided insight into whether the features of the tool can measure a child’s affinity with nature. Interrater
agreement and content validity indexes establish whether the instrument meets four established validation criteria:
clarity; ease of use; appropriateness; and relevancy. Results indicate that the modified device does not measure the
original core concept: affinity with nature, and that face and content validation outcomes do not yield acceptable
outputs. As a result, the foundation and key characteristics of the instrument were revised to enhance its ability to
produce trustworthy results and more accurately measure the revised core concept of connection to nature and
environmental knowledge.
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Exposure to the natural world is known to be one of the most essential components during the early stages of a
child’s physical, attitudinal, intellectual, and moral development (Kahn & Kellert, 2002). Studies indicate that
spending time outdoors correlates with increased physical activity, leading to many health benefits such as building
and maintaining healthy bones and muscles, and reducing risk of chronic diseases, depression, and anxiety (McCurdy
et al., 2010; Mygind et al., 2019). One’s emotional and attitudinal connection to nature (CTN) is largely influenced
by positive and frequent experiences in outdoor environments (Clayton & Opotow, 2003). These exposures have
been proven to increase the development of pro-environmental attitudes, knowledge, and beliefs as an adult
(Chipeniuk, 1995; Ewert et al., 2005; Rickinson, 2001), and the probability of conservation behaviours and attitudes
later in life (Dresner et al., 2015; Zhang et al., 2014). Other studies in the field have found that time spent in nature
enhances children’s development of imagination, creativity, and problem-solving skills and their overall connection
to nature (Chawla, 2015; MacKeen & Wright, 2020; Malone & Tranter, 2003; Omidvar, 2018; Omidvar et al., 2019).

Understanding the variety of relationships young children experience with nature is critical for enhancing education
systems, children’s relationships with others, and their physical and psychological development (Braus & Milligan-
Toffler, 2018; Kahn & Kellert, 2002). Further, by studying and supporting children and their connections to nature,
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we gain a sense of how caring for the environment can be fostered at these impressionable ages. Despite the growing
amount of literature exploring children’s CTN, information and measurement of the impacts nature has on children
during various stages of development are sparse, and gaps remain, such as whether young children can form deep
connections with nature and how direct or indirect contact with nature plays a role in their relationships with the
natural world (Kahn & Kellert, 2002).

Connection to nature looks different for each individual, especially young children. Studies have started to
acknowledge that there is no single right way to interact with nature, and as a result, there is no single effective way
for researchers to study human nature connection (Braus & Milligan-Toffler, 2018). Because of this variety,
researchers have measured these relationships using an assortment of constructs. The construct is a fundamental
concept a researcher intends to explore through methods such as psychological testing instruments (Cronbach &
Meehl, 1955). Constructs related to children’s connection to nature have been defined as nature relatedness (Nisbet
et al., 2009), the inclusion of nature in self (Schultz, 2002), eco-affinity and eco-awareness (Larson et al., 2011), and
nature connection (Braus & Milligan-Toffler, 2018; J. C.-H. Cheng & Monroe, 2012; Kellert, 2012; Mayer & Frantz,
2004). While these concepts are not the same, they do encompass the affective, cognitive, and experiential aspects
associated with measuring nature relationships (Barrable & Booth, 2020; Tam, 2013). The debate remains on which
method is more effective at measuring psychological attributes; aggregating similar concepts into a broader
construct or narrowing the concepts to be more specific (Tam, 2013). Nevertheless, precise definitions are essential
to ensure that a construct is feasible for measuring the targeted concepts.

A select number of psychological testing instruments strive to explore children’s different relationships with nature
(Giusti et al., 2014; Larson et al., 2011; MacKeen & Wright, 2020; Mayer & Frantz, 2004; Nisbet et al., 2009). Both
Larson et al., (2011) and Nisbet et al., (2009) studied the affective and cognitive aspects of an individual’s CTN via
survey-based scales. Mayer and Frantz (2004) utilized an instrument built to measure one’s emotional connection
with nature and suggested that this connection is an essential predictor of ecological behaviour and personal well-
being. While these devices and others alike have been psychometrically evaluated for validity and reliability, there
is no evidence of a trustworthy game-based testing instrument built for measuring preschool children’s CTN and
environmental knowledge. The only known tool of this kind was conceptualized in 2012 and created in 2014, where
Giusti et al. developed a measure that was said to assess 5-year-old children’s emotional, cognitive, and attitudinal
affinity with nature.

Giusti et al. (2014) found that students in local Reggio-Emilia (nature-based philosophy) schools had increased
bioaffinity (CTN) and the device yielded strong internal consistency reliability results. Using the Giusti et al. (2014)
tool, Omidvar et al. (2019) conducted a similar study in Nova Scotia, Canada, with 3-5-year-old children attending a
Reggio-Emilia preschool but results indicate their affinity with nature was much weaker than hypothesized. As a
result, Omidvar et al. (2019) recommended that further studies determine the appropriateness of the Giusti et al.
(2014) measure for younger Canadian children. As a result, MacKeen & Wright (2020) modified the Giusti et al.
(2014) tool to be more culturally, geographically, and developmentally relevant for young children in Canada, and
then pilot tested the revised version. Modifications primarily included changes to the game design and the content
(i.e., pictures and language). Results showed that the revisions effectively enhanced the children's understanding of
the game's testing for a Canadian context. However, for psychological instruments to be considered trustworthy and
produce generalizable results, they must undergo psychometric assessment (DeVellis & Thorpe, 2021). While Giusti
et al., (2014) established initial reliability results for the original version of the testing instrument, neither the 2014
or modified 2020 version have undergone any type of validity assessment.

Validation in Research

Validity is a vital step in producing effective and quality research. Validation procedures emerged as a means to
determine the degree to which a psychological or educational test evaluates what it proposes to measure (Sireci,
1998). Throughout its evolution, new versions of validity testing have emerged to aid in assessing different
characteristics of instruments, such as face, content, criterion-related, construct, external and others (Cohen et al.,
2002). For example, construct validity is used to investigate the foundational concept that the device is built to
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measure, and external validity looks at the degree to which the results are generalizable to greater populations and
locations (Cohen et al., 2002). Given the variety of available tests, researchers utilize the type that is most
appropriate for their device and field. Limpo et al. (2020), examine construct, convergent/discriminant, and
predictive validity for an instrument that measures Portuguese third graders’ self-efficacy, and motivations for
writing and story-telling. These methods were used to examine factorial structure and invariance across two
independent samples of third graders, which were used as a procedure for assessing text quality across different
genres and grade levels (Limpo et al., 2020). Another study investigated the concurrent validity of a tool that
measures students’ science attitudes, pro-environmental behaviour, climate change attitudes, and knowledge
(Dijkstra & Goedhart, 2012). An expert panel was asked to assess these variables amongst different groups within
the study population (Dijkstra & Goedhart, 2012). However, Giusti et al., (2014) did not establish any form of validity
for the original Games Testing for Emotional Affinity, Cognitive Affinity, and Attitudinal Affinity with the Biosphere
instrument.

Preliminary validity testing involves looking at the basic foundations of the tool, which could include but is not limited
to assessing face, content, and construct validity criteria. Face and content validity analyses were chosen for this
study because they assess the whether the premise of the instrument is effective for measuring the foundational
concept. Face validity seeks to determine whether the tool’s items are sensible, appropriate, and relevant to the
participant audience (Connell et al., 2018). This method relies on knowledgeable experts reviewing the suitability of
the items within an instrument pertaining to the measured psychological criteria (Connell et al., 2018; Holden, 2010).
Slater et al. (2009) recruited an expert panel of 6 individuals comprised of nurses and psychologists with experience
in clinical practice, research, and survey design due to their instrument being focused on measuring nurses’ working
environments. Similarly, a study by Piredda et al. (2017) utilized a panel of 6 experts to assess an instrument’s items
for clarity and appropriateness of a tool that sought to measure nurses’ caring behaviour in Italian acute care
settings. Both studies used a survey, semi-structured or structured interviews with the experts to gather the
information, which was then transcribed and analyzed for common consensus (Njelesani et al., 2020; Piredda et al.,
2017; Slater et al., 2009).

Throughout the literature, face validity is often paired with content validity (Connell et al., 2018; Krause, 2012;
Njelesani et al., 2020; Piredda et al., 2017; Slater et al., 2009). Haynes et al. (1995) defines content validity as “the
degree to which elements of an assessment instrument are relevant to and representative of the targeted construct
for a particular assessment purpose” (p. 238). The construct refers to the concept that the tool intends to measure,
which in the case of the MacKeen and Wright (2020) version of the tool is the cognitive, emotional, and attitudinal
bioaffinity (CTN) of preschoolers (Haynes et al., 1995). Content validity can be established via quantitative,
qualitative, or a mixed-methods approach, and primarily relies on the following criteria: establish a clear definition
of the construct or concept the tool aims to measure, gather expert opinions for the items within the tool using
formalized scaling procedures, and examine the proportional representations of the items to determine whether
the tool is interpreted in a way that reflects the construct or concept (Haynes et al., 1995). Silva et al., (2020) followed
these steps by recruiting 10 expert raters and asking them to rate the items as relevant or not relevant on a
formalized scale during the interview process. Validity allows the researcher to determine whether the items in an
instrument are useful for measuring the targeted concept and identify areas that could be enhanced to better
measure the construct (Roberts et al., 2006). It is apparent that validity is an important step in creating a sound
psychological instrument, yet both the original (Giusti et al., 2014) and modified (MacKeen and Wright, 2020)
versions of the game-based testing instrument lack validation. Establishing validity of the MacKeen and Wright 2020
instrument will highlight whether the instrument and its components are useful for measuring young children’s
environmental knowledge and connection to nature.

An apparent gap exists concerning a recognised valid connection to nature and environmental knowledge scale using
a game-based testing strategy, specifically for young children. Task-based learning can help children learn more
effectively due to multiple parts of the brain being engaged, thus allowing the child to stay focused (Buyukkarci,
2009; Littlewood, 2004). The game-based instrument includes high-level concepts that may not have been previously
introduced or particularly interesting to a young audience. The game-based format increases the chance of
engagement and the probability of the information having a lasting impression on the child (Buyukkarci, 2009).
Though there is substantial literature concerning the validity of psychological CTN related testing tools (i.e.,
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questionnaires and surveys), there is a lack of literature exploring a testing tool similar to the modified Giusti et al.
(2014) games testing tool. Existing literature focuses on developing individual tools that measure different human
behaviours, and some of these studies do investigate connection to nature (Cheng & Monroe, 2012; Mayer & Frantz,
2004; Nisbet et al., 2009). However, none of the existing research seeks to evaluate this criterion through a games
testing tool.

The current research seeks to establish preliminary validity assessments for the MacKeen and Wright 2020 modified
game-based testing instrument for measuring Canadian preschool children’s CTN. Specifically, face and content
validation will be explored through applying a mixed-methods approach by testing whether the newly modified 2020
tool is more valid than the original 2014 tool in terms of face (ability) and content. Appraisal of the face and content
psychometrics includes the use of an expert panel who are asked to review and be interviewed about the ability and
suitability of the modified instrument based on four criteria: clarity, ease of use, appropriateness, and relevancy
(Connell et al., 2018; Haynes et al., 1995; Holden, 2010). These two types of substantiation provide a foundation for
other forms of validity and psychometric evaluation to take place as the tool moves towards becoming trustworthy
and generalizable. Further, by initiating the validation of the device, it has the potential to have an interdisciplinary
impact and contribute to various research sectors by allowing future studies to further determine whether time
spent in nature and environmentally-focused school situations can increase a preschooler’s CTN and environmental
knowledge.

Methods

Before a tool can undergo psychometric reliability testing, validity must be evaluated as it determines whether the
criterion within the tool is useful for measuring the intent of the tool. Once validity has been assessed, the tool can
be used in a chain of pilot studies where reliability can be evaluated. In this study, a mixed-methods approach is
used to assess the face and content criteria for the MacKeen and Wright (2020) modified CTN game-based testing
instrument. Both face and content validity are confirmed via an expert (i.e., practitioners and academics) panel
providing feedback and insight through a questionnaire and follow-up semi-structured online interviews. Ethics
approval was granted before data collection commenced via the Dalhousie University Research Ethics board. For
this research, the use of face and content criteria served the purpose of establishing a foundational understanding
of the intent and ability of the characteristics in the modified instrument used to measure CTN and environmental
knowledge. Further, these forms of validation are critical steppingstones for other types of validity to be later
established.

The tool

The game-based testing instrument used in this research was initially designed by Giusti et al. (2014) with games
that were meant to be played on a standard size piece of paper (8.5 x 11 inches); however, the varying types of
images (cartoon and real pictures), and much of the language was not appropriate for a Canadian context. As such,
the tool was modified by MacKeen and Wright (2020), primarily including changes to the game design, pictures and
language (please note that a full copy of the instrument is available by contacting the authors or by visiting this link).
The modified instrument that was used for this portion of the study contained six unique task-oriented games that
utilize monochromatic photos of real-life items (i.e., a real photo of a tree or people cleaning up a beach) and
culturally and developmentally appropriate language for Canadian preschoolers.

The first game (game 1a, see Table 1) seeks to explore children’s environmental sensitivity by using a sorting game
that asks the child whether certain inanimate objects and animals can get hurt. It includes cut-outs of particular
photos (i.e., a tree and a bird), and the child is asked to sort the pictures into ‘yes’ or ‘no’ bins based on the question
posed. The second game (game 1b) is also used to test environmental sensitivity by employing a game of happy and
sad faces, where there is a board of pictures (i.e., water pollution and planting a tree) and cut out happy and sad
faces. The children are then asked for each picture on the board, whether they want to associate a happy or sad face
with that picture.
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The next two games gauge children’s environmental awareness. Game 2a is a matching game that includes a board
of pictures and cut-outs. The board displays photos such as eggs and paper, and then for each cut-out, they are
asked to match them with the corresponding ecosystem service (i.e., chicken and wood). The fourth game (game
2b) is completed in two parts. First, the child is asked to verbally explain their definition of particular pollutants (i.e.,
water pollution). Secondly, they are shown a list of the pollutants and asked whether they can hurt things, such as
cars and animals.

The final two games aim to measure children’s environmental preferences and are played verbally; they both use
the same board of photos depicting physical places that children play (i.e., a backyard or playground). The fifth game
(game 3a) asks the participants about their favorite places to play and why, and game 3b asks the participants about
their least favorite places to play and why. The total amount of time needed to perform the testing is an average of
15.25 minutes (MacKeen and Wright, 2020).

Table 1
List of games and the concepts they intend to measure and game style used.

Game Concept Measured and Game Style
Game 1A e Children’s environmental sensitivity

e Sorting game
Game 1B e  Children’s environmental sensitivity

e  Matching game using happy and sad faces
Game 2A e  Children’s environmental awareness

e  Matching game of ecological services
Game 2B e  Children’ environmental awareness

e Verbal response and sorting game
Game 3A and 3B e  Children’s environmental preferences

e  Participants choice of photo and verbal response

Data collection

Data for both face and content validity was obtained through a questionnaire and, when appropriate, follow-up
interviews with a group of experts within the field of environmental psychology, early childhood environmental
education, and connection to nature and bioaffinity. Recruitment of the expert panel (n=6) was carried out through
a non-probabilistic and purposive sampling technique, focusing on a combination of stakeholder and criterion
sampling that allowed the researchers to identify and interview significant stakeholders who are knowledgeable
about CTN and the creation, use, and evaluation of psychological testing instruments. The chosen experts have
participated in creating and evaluating psychological testing instruments designed to measure children’s
psychological attributes related to nature connection. Therefore, they possess an understanding of the theory and
methods used to assess this particular type of instrument. Participants were invited via e-mail correspondence that
included information about the study, tasks, and a consent form, as well as preemptive consent for a follow up
interview and permission to digitally record the interview. When the specialists agreed to participate, the study’s
guestionnaire was sent out for completion.

Questionnaire construction

The purpose of the questionnaire was to formally explore the four criteria used to assess face (clarity, ease of use,
and appropriateness) and content (relevancy) validity. The questionnaire posed a number of Likert-style questions
to assess the four criteria for the instructions, pictures, and language used in the modified tool. For each of the three
components of the modified tool, a five-point scale (i.e., 1 = very unclear, 2 = unclear, 3 = neutral/undecided, 4 =
clear, 5 = very clear) was composed to assess the individual qualities (clarity, ease of use, appropriateness, and
relevancy). Clarity was used to investigate the comprehensiveness of the intent and contents, ease of use and
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appropriateness contributed to whether the content was considered culturally and/or developmentally suitable for
Canadian preschoolers, and relevancy was used to establish if the items in the tool were representative of the
targeted construct (the foundational concept the tool was built to measure — in this case, connection to nature)
(Piredda et al., 2017; Polit & Beck, 2009; Silva et al., 2020). The scale provided an extensive amount of rich
information concerning each section of the tool, including the information provided before starting the game's
testing, each of the six games, and the debrief section.

Interviews

Once the questionnaires were complete, the face validity analysis determined whether semi-structured follow-up
interviews were necessary to investigate poor results. Interviews were conducted through the online platform Zoom
as it is considered the most popular video conferencing app and can provide password protection for the meeting,
the ability to lock up the meeting (mitigating against unwanted users joining the meeting), and individual privacy
controls (Singh & Awasthi, 2020). Of the six experts taking part in this validity testing of the modified tool, three
were interviewed to gain further insight into the answers they provided in their questionnaires. The survey results
indicated what areas of the tool were lacking in terms of validity but there was no space for the experts to provide
reasoning. The scores for three of the experts highlighted that they were satisfied with the items in the tool and how
they operate to measure the construct of the instrument. However, the scores for the other three experts specified
that the instrument needed further modification. Interviews were chosen to explore their answers and gain insight
for how to enhance the instrument and its ability to measure children’s connection to nature. A rough interview
guide was created to cater to each of the three interviews because of the differing questionnaire results. Therefore,
each interview produced varying perceptions about the expert’s concerns within the tool. These varying outlooks
were then compiled to examine for emerging patterns and to determine the best way to modify specific segments
in the instrument.

Data Analysis

Just as there are various ways to evaluate the validity of a testing instrument, there are also a variety of methods
used to analyze the data. Previous work on this subject suggests that the first three criteria (clarity, ease of use, and
appropriateness) can be calculated together as they examine the intent and suitability of the items within the tool,
which indicates if the face value of the tool is adequate (Piredda et al., 2017; Silva et al., 2020). In comparison, the
criterion relevancy looks at whether the items are pertinent for measuring the instrument's construct. As a result,
analyses differ with face validity utilizing interrater reliability correlation analysis and content validity using the item
and scale content validity index calculations (Polit et al., 2007; H. E. A. Tinsley & Weiss, 2000).

Face Validity

To assess the face validity criteria collected via the questionnaire, interrater agreement analysis and the intra-class
correlation coefficient calculation was used. Interrater agreement indicates the degree to which the ranking amongst
a group of raters is the same or, more specifically, determines the strength between two or more raters (Tinsley &
Weiss, 2000). With a five-point scale, high interrater scores suggest that the experts value the features of the tool
(i.e., pictures) with a consistent rating (Tinsley & Weiss, 2000). We chose the intra-class correlation coefficient (ICC)
for this research due to its widespread use in social science literature and the number of expert raters (n=6) recruited
for this study (Bajpai et al., 2015; Bartko, 1966). ICC results range on a spectrum between zero to one, with 0.70
being considered an acceptable level of agreeance between the expert raters (Tinsley and Weiss, 2000).

Before calculations could commence, the expert scores gathered via the questionnaire were converted to a zero
(expert ratings equaling to three or below) or a one (expert ratings equaling to four or five). Then, the ICC and other
descriptive statistics (mean, variance, and 95% confidence intervals) were calculated individually for clarity, ease of
use, and appropriateness via the statistical package SPSS. The confidence interval (Cl) results are shared because
they provide a deeper understanding of the relationship under scrutiny (Kallogjeri et al., 2019). This data showcases
the variability, which aids in getting a broader picture of insight about certain outcomes (Kallogjeri et al., 2019).



International Journal of Early Childhood Environmental Education, 10(1), p. 20

Content Validity

The item and scale-level content validity index (CVI) is used to quantify content validity for the multi-item modified
scale based on expert ratings of relevance or their average of agreeance (Polit et al., 2007). Calculating CVI is an
essential step in validating the foundations of an instrument and ensuring high-quality content (Polit et al., 2007; Shi
et al., 2012). All CVI calculations were conducted in Microsoft Excel.

Before calculating CVI, the scores from the Likert-style questions were converted to a zero (expert ratings equaling
to three or below) or a one (expert ratings equaling to four or five) to conform to the range used to assess CVI. Once
the scores were converted, the first calculation was the item-level content validity (I-CVI), which was used to
determine the CVI for each individual component (i.e., game 1a, game 1b, etc.). Then, the I-CVI was used to compute
the average I-CVI across the items, known as the scale-level content validity average (S-CVI) (Polit et al., 2007). More
specifically, the (S-CVI) looks at all of the components (i.e., all six games and the instructional sections in the tool)
being assessed by the expert raters. The analysis includes the I-CVI and S-CVI average for the pictures, language, and
instructions for each of the games within the modified tool. When evaluating new testing instruments, a typical limit
of acceptability for the S-CVI average is a score of 0.80 or higher (Polit et al., 2007; Shi et al., 2012).

Results

The following section showcases the results from the face and content validity analyses and utilizes the interview
outcomes to help support and illustrate them. The four components of the instrument (instructions,
recommendations, language, and pictures) that the experts analyzed are used to guide the results and discussion to
follow. Finally, it is essential to note that the outcomes from the validity analysis facilitated modifications to the
MacKeen and Wright 2020 instrument that resulted in a new version of the instrument dated 2022.

Face Validity

The validation scores for the questionnaire’s face (ability) assessment are categorized into four sections:
recommendations, instructions, pictures, and language. Within these sections, readers will find explanations about
each of the three-face validity criteria clarity, ease of use, and appropriateness. First, it is important to note the
overall findings for these three criteria.

In Table 2, findings from all the components in the game-based testing instrument have been compiled into the total
calculations for each of the three criteria, with the most important computation being the intra-class correlation
coefficient (ICC). When examining the ICC for all three criteria, the outcomes for clarity are the most promising, with
an ICC of 0.493. While promising, this finding still does not meet the minimum acceptable ICC level of 0.70 and is not
consistent due to diverging confidence intervals for this criterion which echo the high variance result of 0.707
(Tinsley & Weiss, 2000). A lower ClI of 0.109 and an upper Cl of 0.748 further showcase this high variance amongst
the expert ratings. The findings for the latter two factors (ease of use and appropriateness) indicate extremely high
variance and low ICC scores. Interestingly, both criteria have negative ICC scores, where ease of use has an ICC of -
0.444 and appropriateness an ICC of -0.489. These negative results could be occurring for several reasons, such as
high variance, small sample size, negative bias or ICC underestimation (Wu et al., 2012).

Additionally, a closer look into the individual averages amongst the raters demonstrate that two of the experts had
very low mean scores throughout the three validity criteria. In contrast, the other experts had means close to the
highest rating of five. For example, for the criterion appropriateness, these two experts had average scores of 1.480
and 2.039, and another expert had an average score of 4.88. These results supported the need to conduct follow-up
interviews with these two experts. Further, the low ICC scores signal the need to investigate individual scores for the
sections within the tool to determine what parts need attention and modification.
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Table 2
Combined findings for the criteria clarity, ease of use, and appropriateness including the mean, variance, ICC, and
confidence intervals.

Clarity Ease of Use Appropriateness
Mean 3.887 4.025 3.480
Variance 0.707 1.341 2.204
Intraclass Correlation 0.493 -0.444 -0.489
Lower 95% ClI 0.109 -1.615 -1.619
Upper 95% ClI 0.748 0.300 0.259

Recommendations

Throughout the tool, recommendations are provided to specify how the delivery of the instrument and game design
should be fulfilled, such as enlarging, printing, and laminating pictures from a designated list and shuffling the cut-
out pictures before testing another participant. As seen in Table 3, this aspect of the modified tool received the
highest mean scores for clarity, ease of use, and appropriateness. As a result, much of the recommendations stayed
the same.

Table 3
Mean expert scores for the three criteria of face validity relating to the four components assessed within the modified
instrument.

Recommendations Instructions Language Pictures
Clarity 4.41 3.48 3.83 3.36
Ease of Use 3.83 3.75 3.61 3.61
Appropriateness 3.73 3.61 3.44 3.33

Instructions

The second component in the device is the instructions that provide step-by-step guidelines for how to conduct the
games, including the associated question prompts and order of operation. Results showcase varied expert ratings
due to the means ranging between three and four (Table 3). A three in relation to the five-point scale is a
neutral/undecided rating. However, individual experts scores highly fluctuated, such as for the appropriateness of
the instructions for game 2b, scores went as low as a one (not clear, not easy to use, and not appropriate) and as
high as a five (very clear, very easy to use, and very appropriate).

During an interview with Expert One, it was suggested that the game design and associated instructions for game 2b
be revised to include some new elements. In this game, the children are asked if certain pollutants (water pollution,
air pollution and ground pollution) can hurt animals, cars, or people. This expert indicated that this game could be
taken one step further to include deforestation in the set of impacting factors and the element of “you” and forest
in the options for the affected. They reasoned that by including these additional factors there is more substance to
analyse, which could then incorporate a discussion about how the children’s answers differ between living versus
non-living items getting hurt, and whether they have different emotions and knowledge about things related to the
biosphere other than just the three pollutants. For example, a child could believe that deforestation and clear-cutting
of trees can hurt the forest, but they may not think water pollution can hurt the forest. This suggestion led to the
modification of the tool to include these three new concepts and, therefore, creates an opportunity to highlight
further the children’s varying connection to and knowledge of nature.
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Language

Another component assessed in relation to the three criteria of face validity is the language used throughout the
instrument used to describe the pictures and prompts. While all three criteria received a mean between three and
four, not many alterations were suggested by the experts relating to the language used for the pictures and prompts
(Table 3). Further, MacKeen and Wright (2020) indicate that the modifications they made, including changes to the
language, have enhanced children’s understanding of the games testing. However, there were some minor changes
made to the phrasing, such as “cut down trees” (MacKeen and Wright, 2020) being altered to “cutting down trees”
(latest 2022 version of the tool), since the photo had also been changed from a clear-cut forest to a person standing
in a clear cut and cutting down one of the remaining trees. It is important to note that there was a more extensive
discussion about the use of language used to create the foundations and construct of the tool, which is later
discussed in the results for content validity.

Pictures

The final aspect of the instrument inspected was the photos used to illustrate the concepts. Based on the averages,
lack of clarity and appropriateness had the lowest mean scores (Table 3). As later revealed in the results for content
validity, certain games were flagged (i.e., game 1b) and then further discussed during the expert interviews. For
example, Expert One suggested that in game 1b, the “cleaning up” picture might not have anything to do with
environmental relations. This picture was initially modified to a child cleaning the floor with a vacuum indoors
(MacKeen and Wright, 2020). The expert proposed that it be related to cleaning up the environment since that is
more related to the instrument’s construct. Therefore, the photo was changed to children cleaning up garbage
outdoors at a beach. Another example in game 1b pertains to the photo of “plastic on the ground,” which lacked a
clear indication that the plastic is on the ground because it is a zoomed-in picture of a bundle of plastic bottles and
cans. As a result, the image now portrays a person with plastic litter on the ground around them.

Content Validity

The results for the scale-level CVI suggest that there are components in the game-based testing instrument that are
not adequate for measuring preschool children’s affinity with nature. As exhibited in Table 4, the three elements
within each game had averages of 0.622 for the instructions, 0.583 for the language, and 0.527 for the pictures.
These outcomes are all below the acceptable S-CVI average of 0.80 (Polit et al., 2007). However, these results
reiterate issues found in the face validity analysis and indicate that these components have room for improvement
that are further identified in the individual CVI scores.

Table 4
Results of the scale-level content validity index averages for the tool components instructions, language, and pictures.

S-CVI Average

Instructions 0.622

Language 0.583
Pictures 0.527




International Journal of Early Childhood Environmental Education, 10(1), p. 23

Instructions

The instructions are included in the instrument to provide researchers with an understanding of how to administer
each of the games within the tool. Here is a quote from the instructions for game 1a in the first section of the tool
environmental sensitivity:

Begin by explaining the exercise to the child:

Example: “In this first game, | will hand you a picture and ask if the thing in the picture can feel
an owie or get hurt, and then you will sort them into the yes or no bins (demonstrate while
explaining)”.

These explanations are designed to be straightforward for someone else looking to repeat the games. While the
instructions received the highest S-CVI average (see Table 4) meaning that the experts felt the instructions were
somewhat adequate, the I-CVI provides more information for each of the individual games. As seen in Table 5, the
items “before starting the games testing” and “game 1b” meet the acceptable CVI level of 0.80. Game 1a received
the next highest score, and games 2a, 2b, 3a, and 3b all received a divisive I-CVI of 0.500, split equally between the
experts. These outcomes do not indicate that the instructions are in dire need of further modification. Instead, they
suggest they need a second look and a few minor corrections.

Table 5
Outcomes of the interpreted expert ratings and individual content validity index scores for the tool component
instructions.

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 I-CVI

Before Starting the 0 1 0 0 1 1 0.857
Games Testing

Game 1A 0 1 0 1 1 1 0.667
Game 1B 1 1 0 1 1 1 0.833
Game 2A 0 1 0 0 1 1 0.500
Game 2B 0 1 0 0 1 1 0.500
Game 3A 0 1 0 0 1 1 0.500
Debrief 0 1 0 0 1 1 0.500
Language

The variable “language” encompasses all the language used in the tool, including the recommendations, instructions,
words used to describe the pictures and the foundational concepts used to outline the instrument. Our analyses
indicate that three out of the six games received a split in opinions from the experts, including games 1b, 2a, and 2b,
whereas games 1a, 3a, and 3b got a higher score of 0.667 (Table 5). None of these outcomes meet the acceptable
CVI level of 0.80 and suggest more attention is required for games 1b, 2a, and 2b regarding the language choices.
However, during interviews with Experts Two and Three it was revealed there was a deeper concern with the
language being used to define the construct the instrument intends to measure: bioaffinity.

Table 6
Outcomes of the interpreted expert ratings and individual content validity index scores for the tool component
language.

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 I-CVI
Game 1A 0 1 0 1 1 1 0.667
Game 1B 0 1 0 1 1 0 0.500
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Game 2A 0 1 0 0 1 1 0.500
Game 2B 0 1 0 0 1 1 0.500
Game 3A 0 1 1 0 1 1 0.667
Game 3B 0 1 1 0 1 1 0.667

One of the key questions asked during the questionnaire is why the experts feel that the games they flag are not
relevant for measuring emotional, cognitive, and attitudinal affinity with nature (bioaffinity). Throughout the
interview with Expert Three, they continuously came back to whether the games genuinely measure bioaffinity and
that the operational definition of bioaffinity is absent. More specifically, for game 1b regarding the photo of water
pollution (the photo on the left in Figure 1 below), the expert made the point that “somebody could be very
disconnected with nature, but | think they would still find a bird covered in oil sad” and whether it is getting at
empathy instead of a child’s connection to nature. Another example is given for game 2a, the matching game, and
how this showcases the children’s knowledge rather than explicitly measuring their bioaffinity. In the same vein, the
expert noted that bioaffinity is vague and that these games could measure things that are essential to children’s
affinity with nature, but it is not clear.

During the final interview session, it was made clear that a thorough review of the domains of bioaffinity was
required to ensure that the operationalization of the term includes the items that the tool intends to measure, which
are emotional, cognitive, and attitudinal affinity with the biosphere. The final expert profoundly reiterated a lack of
congruency between what the title and terminology used in the tool intend to measure and what the games may
actually be measuring. For example, game 1b is titled “concern and sensitivity instructions”, but the expert indicated
that the terms concern and sensitivity are dissimilar and very different from affinity.

Further, they questioned how relevant the terms are for measuring bioaffinity, and it may be that concern and
sensitivity foster or lead to affinity or connection, but this assumption should not be inherent and needs additional
exploration. In the section for cognitive affinity, the expert highlighted that asking children about ecosystem services
is strictly probing their knowledge on the topic as opposed to examining their affinity or connection with nature. It
was discussed that assessing their cognition determines the extent of the functions and skills the children possess,
such as the ability to memorize a set of words or successfully participate in a sorting task (Sternberg, 1981). As a
result of the conversations about the construct with experts three and four, the title of the tool and section headings
have been modified (Table 6).

The title and the section headings in the tool specify the concept that is trying to be measured. As such, it is important
that the terms used to describe the tool and the games within it reflect the foundational construct the tool aims to
measure. The insights gained from the expert interviews led to modifying the original terms to broader concepts
that would best embody the intent of the instrument, which is to gauge children’s various connections to nature and
their environmental knowledge. Consequently, the original title of the tool was revised to “Measuring Environmental
Knowledge and Connection to Nature; A Games Testing Tool for Preschoolers (3-5-year-olds)” (see Table 6).

Table 6

Construct related terminology modifications.

Element in the Tool Original Modification

Title of the tool Modified Research Instrument | Measuring Environmental Knowledge and

(Games Testing for Emotional, | Connection to Nature; A Games Testing Tool
Cognitive and Attitudinal Affinity | for Preschoolers (3-5-year-olds)

with the Biosphere, Giusti et al.,
2014)

Title of Game 1A Emphatic Behavior Instructions Environmental Sensitivity
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Title of Game 1B Concern & Sensitivity Instructions

Title of Game 2A Provision of Ecosystem Services | Environmental Awareness
Instructions

Title of Game 2B Pollution Awareness Instructions

Title of Game 3A Favorite Environmental Quality | Environmental Preferences
Instructions

Title of Game 3B Disfavored Environmental Quality
Instructions

Additionally, the section headings and titles of the games have been changed from the MacKeen and Wright (2020)
version of the tool. Initially there were three sections as identified in the original title: emotional affinity, cognitive
affinity, and attitudinal affinity. As seen in Table 6, each game had their own names and were placed within each of
the three segments. These findings highlighted the confusion between headings and the names of the games, such
as game 1la, emphatic behaviour instructions, being placed in what was originally the emotional affinity sector. The
term emphatic is defined in multiple variations, for example “uttered with or marked by emphasis”, “tending to
express oneself in forceful speech or to take decisive action “, and “attracting special attention” (Merriam-Webster,
2022c). This confusion amongst terminology is evident for other language that was used to build the instrument.
The following discussion will further explore the terminology and the foundational constructs of the tool.

Pictures

The final component pictures include responses about the images used to depict various items used to measure the
children’s connection to nature, such as a photo of water pollution. This category received the lowest overall S-CVI
average of 0.527 (see Table 3). Taking a closer look, it is apparent that game 2a has the lowest I-CVI of 0.333 (Table
7). Game 2a is a matching game where children are asked to match items to where they come from, hoping they will
pair the items with the environmental option (i.e., matching blueberries with a garden). With four out of the six
experts rating this a three or below on the Likert scale, it is clear that further modification is necessary for the photos
within this game. Games 1a, 1b, and 2b had split scores from the experts of 0.500 and games 3a, and 3b received
the highest I-CVI for this criteria (see Table 7).

Table 7
Outcomes of the interpreted expert ratings and individual content validity index scores for the tool component
pictures.

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 I-CVI
Game 1A 0 1 0 1 1 0 0.500
Game 1B 0 1 0 0 1 1 0.500
Game 2A 0 1 0 0 1 0 0.333
Game 2B 0 1 0 0 1 1 0.500
Game 3A 0 1 1 0 1 1 0.667
Game 3B 0 1 1 0 1 1 0.667

These three criteria echo the findings from face validity and suggest that the contents of the instrument are
not adequate for measuring affinity with nature, which was further supported during the interviews with the three
experts. Expert Three made some crucial points about how it could be difficult for the children to understand what
is happening in such complex photos relating to environmental degradation. For example, as seen in Figure 1, the
picture on the left with a bird being pulled from an oil spill portrays water pollution. However, it is understandable
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that this picture may not be developmentally appropriate for such a young age group, primarily because of the
assumption that the children can understand the antecedence leading to the result of a bird being covered in oil.
More specifically, it is unwarranted to assume all of the 3-5-year-old children can connect this to a human-caused
oil spill. This led to the revision of the picture to include a person physically putting litter into a waterway to make
the photo more digestible for the target audience (see Figure 1).

Another concern for this expert is the picture initially used to depict air pollution. This picture had been modified in
2019 to a photo of a person wearing a mask with smoke in the background, but the photo has not aged well with
the ongoing COVID-19 pandemic. It was discussed that masks would now be commonly associated with the virus
rather than protection from air pollution or any form of smoke. As a result, the photo has been exchanged for a
photo of cars driving along a roadway with a cloud of smog in the air, in hopes that this illustration could be better
associated with how automobiles contribute to air pollution.

Figure 1. Original (MacKeen and Wright, 2020) and modified (2022) pictures that illustrate water pollution.

Overall, the face and content validity findings and support from the interviews suggested there were cosmetic and
foundational issues throughout the instrument. The following section will further explore the theoretical concepts
and construct of the device and the problem with disguising and manipulating definitions to better suit individual
research.

Discussion

Within any individual scholarly discipline, a researcher can expect to find concepts, methodologies, theories, topics,
and terms engineered explicitly for use within that specific school of thought (Stock & Burton, 2011). However, these
characteristics can become blurred, masked, and absent when they are not fully understood or explained (Stock &
Burton, 2011). In the case of developing psychological instruments, strong definitions and explanations of concepts
are critical to establishing a solid construct (Stone-Romero et al., 2009). The foundations of the instrument we have
been using and which was subject to validity testing in this study were first conceptualized in a 2012 manuscript
titled: Reconnecting to the Biosphere; Children’s Socio-ecological Emotions for Nature (Giusti, 2012). Inner workings
of the framework used to build the foundation consisted of exploring how different socio-ecological environments
influence the development of environmental consciousness in children. Environmental consciousness in the context
of this study was defined as “a set of psychological traits held by an individual which specifically represent the
individual emotional connection with the biosphere” (Giusti, pg. 12, 2012). It was said that environmental
consciousness consisted of four characteristics, including environmental sensitivity, awareness, attitude, and ethics.
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Environmental sensitivity is described as a “conjunction of empathy and concern, as caring for a person implies also
being concerned about his or her health” (Giusti, pg. 24, 2012). Environmental awareness is said to include a
cognitive, knowledge-based component and an affective, perception-based component that is not limited to the
impacts of human behaviour on the environment but also knowledge about essential ecosystem services and nature
(Giusti, 2012). Environmental attitude in this manuscript is defined as “a durable positive or negative feeling towards
the biosphere, regardless of the deriving behaviour” (Giusti, pg. 25, 2012). Finally, environmental ethics is described
as personal values and beliefs about the environment that influence environmental behaviours (Giusti, 2012).
Results from Giusti’s study indicated that children with higher exposure to wild and rural environments also have
higher empathy and concern for nature and led to the creation of the instrument (Games Testing for Emotional,
Cognitive and Attitudinal Affinity with the Biosphere, Giusti et al., 2014) to further explore these findings.

However, during the composition of the Giusti et al. (2014) tool, these fundamental terms and ideas were restated
and potentially lost in translation. As previously noted, the tool is divided into three sections, including emotional
affinity, cognitive affinity, and attitudinal affinity. Emotional affinity with the biosphere is assembled to quantify the
children’s emotional perspective-taking and empathetic concern for nature (Giusti et al., 2014). Cognitive affinity
with the biosphere targets measuring the children’s basic awareness of ecological resources, and attitudinal affinity
explores their appreciation of nature and environmental awareness (Giusti et al., 2014). It is clear that there is a
mixing and perplexing misuse of specific terms, such as using environmental awareness with attitudinal affinity and
even the simplicity of using the term affinity instead of connection. These terms have different meanings and
definitions, and while researchers can manipulate and define them for their studies, the question remains: should
we? This highlights how elements of theories become misconstrued and replaced by surrogates. This can in turn lead
to weak construct validity in the foundation of the research due to imprecise theoretical components (Stone-Romero
et al., 2009).

The method of circular restatement is known to avoid theories and concepts by restating phenomena in different
words, causing tautology (Gigerenzer, 2010). When researchers restate and provide one-word explanations of the
construct, the foundation of the device and its intentions come into question (Gigerenzer, 2010). Further, using
elaborate and decorative terms over simple ones impacts how the research connects to the broader community for
the targeted discipline, and other validity tests (i.e., face and content validity) rely on a sound construct to properly
assess the tool’s functions (Cronbach & Meehl, 1955). Therefore, comprehensive theoretical components used to
establish psychological behavioural assessments are necessary for evaluating the device’s psychometrics (i.e.,
validity and reliability).

Giusti et al., (2014) wanted to “analyze the extinction of nature experiences in the surrounding of urban preschools
in Stockholm and relates it to the degree of affinity with the biosphere that 5-year-old children have developed” (pg.
18). As such, the premise of the Giusti et al. (2014) tool is to measure children’s affinity with nature, but the question
remains: what is affinity? Affinity can be broadly defined as “a spontaneous or natural liking or sympathy for
someone or something” and “a similarity of characteristics suggesting a relationship” (Oxford Languages, 2022a).
This is a loose term that can be spontaneous and merely suggest a relationship, implying that it may not identify the
degree of affinity because the meaning of the word is not static. Affinity is also not a very common term in
environmental psychology. The Giusti et al. (2014) tool is inspired by other assessments, including the
Connectedness to Nature Scale (Mayer & Frantz, 2004), the Nature Relatedness Scale (Nisbet et al., 2009), and the
Connection to Nature index (Cheng & Monroe, 2012). However, the terminology has strayed from common terms
used in this line of research, such as connection and relations with nature. In comparison to affinity, a connection is
defined as “a relationship in which a person, thing, or idea is linked or associated with something else” (Oxford
Languages, 2022b). While affinity suggests a relationship, connection links a person with something, indicating a
direct relationship. These differences may cause the objective and intent of the construct to get blurred and restated
to something not originally envisioned.

After examining the disconnect between the 2012 and 2014 Giusti texts and conferring with the experts, it is
important to peel back the layers of the instrument and redefine the foundational construct and concepts. The
premise for all versions of the tool seek to explore children’s connection to nature and how their exposure to outdoor
environments and environmental knowledge affect such a relationship. This resulted in the adoption of the term
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connection in place of affinity. However, many of the games are also a measure of the children’s knowledge because,
without comprehending the material, there would be no way to analyze their relationship with nature successfully.
Thus, the core construct of the tool is now measuring children’s connection to and knowledge of nature and its
processes, which leads to the title of the newly improved tool being: Measuring Environmental Knowledge and
Connection to Nature; A Games Testing Tool for Preschoolers (3-5-year-olds). Now that the central theory of the tool
has changed, the subsections need to adhere to this change.

Another element at play in these revisions was the Giusti (2012) manuscript that outlines the four characteristics of
environmental consciousness as mentioned above. The basis of these features (sensitivity, awareness, attitudes, and
ethics) are topics that are frequently investigated in psychological research. Children’s sensitivity is explored in
correlation to facial expressions (Gao & Maurer, 2009), musical styles (Gardner, 1973), and word use (Markman &
Hutchinson, 1984) as few examples. Their awareness is measured relating to matters such as awareness of
inconsistent information (Markman, 1979), fatal illnesses (Waechter, 1971), and internet safety (Ktoridou et al.,
2012). Many studies measure various aspects of children’s attitudes, including their attitudes towards reading
(McKenna et al., 1995), pets (Kidd & Kidd, 1985), peers (Coplan et al., 2007), healthy eating (Bebetsos et al., 2015)
and much more. Finally, children’s ethics or moral development is also a topic of interest in various studies
(Berkowitz & Grych, 1998; Eisenberg & Valiente, 1995; Kurdek, 1978; Turiel, 2015). However, in 2014 when Giusti et
al. established the tool, these topics were disregarded and replaced with emotional affinity, cognitive affinity, and
attitudinal affinity with nature. While on the surface these terms seem to encompass some of the other features,
such as sensitivity being associated with emotions, not all of these categories and expressions are commonly
explored and used in environmental psychology.

Additionally, the games within these categories claim to measure different things than what is suggested by the
overarching section. For example, in game 1b, the concern and sensitivity instructions include two terms where
concern can be defined as “to relate to” or “to have an influence on”, and sensitive as being “delicately aware of the
attitudes and feelings of others” (Merriam-Webster, 2022a, 2022b). While these two concepts are explored in
environmental psychology research, they are most commonly addressed separately; it is far more common to find
studies that utilize environmental sensitivity in conjunction with research that includes children (Cheng & Wu, 2015;
Chu et al., 2007; Erdogan & Marcinkowski, 2015; Lionetti et al., 2019; Nocentini et al., 2018). Another example is
game 3a, labeled as favourite environmental quality instructions, in section three under attitudinal affinity. The
name of the game was previously disconnected from the concept (attitude) that is to be measured for this segment
of the instrument. The word favourite may be a sentiment that drives the child’s attitude towards the environment,
but the word quality distracts from the principal idea. As a result of these disputes, the titles for each of the six
games have been removed, and the overarching sections have been changed to reflect the initial concepts used to
inspire the makeup of the instrument (Table 6).

Environmental sensitivity, awareness, and preferences are fundamental beliefs that foster one’s connection to
nature and environmental knowledge. It is important to note that environmental ethics has been omitted from the
tool due to the targeted audience and their limited developmental capacity for moral sentiments. It is essential that
as psychological instruments emerge in specialized disciplines, the theories and terms used to describe that concept
are clearly defined and are suitable for the target audience and the greater field of research. By modifying the
foundational aspects, it will allow the device to become more widespread in its universal applicability and placement
in environmental psychology. Finally, now that the construct of the tool has been revealed, the instrument can
undergo further psychometric evaluation and produce trustworthy outcomes.

Conclusions and Future Implications

Establishing the validity of the modified instrument for measuring preschool children’s connection to nature and
environmental knowledge is a critical step towards a psychometrically sound and trustworthy device. This study
sought to explore the face and content validity of the revised (2020) version of this device and determine whether
the individual and overall components aid in quantifying the construct of the tool. The results revealed low face and
content scores, which led to three follow-up expert interviews and further modification of the instrument. Interviews
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with the experts exposed a disconnect between what the tool intends to measure and the characteristics used to
outline the features relied upon to measure the core concept(s). Therefore, the foundations and underlying
inspirations of the instrument were investigated and led to a discussion about the importance of utilizing well-
defined terminology to frame a psychological device. As such, the construct of the tool has been revised to measure
children’s connection to nature and environmental knowledge, with the internal sections reflecting the new title by
changing them to environmental sensitivity, awareness and preferences. Alterations to the pictures, language and
instructions also took place to enhance the clarity, ease of use, appropriateness and relevancy for measuring
children’s connection to nature and environmental knowledge.

However, it is important to note that the face validity outcomes are no longer applicable due to the tool undergoing
further revisions. This limitation implies that face validity would need to be re-evaluated for the new 2022 version
of the modified instrument, and/or other facets of validity testing (for example, criterion validity) need to take place
before the tool is used in a larger format study. Despite this, we suggest that future studies that seek to use this
instrument use the newly modified 2022 version as it is now the most relevant for measuring preschoolers
connection to nature and environmental knowledge (please note that a full copy of the instrument is available by
contacting the authors or by visiting this link).

Moreover, the hope for this instrument is for more research to explore how various forms of nature exposure impact
preschoolers’ CTN and environmental knowledge, such as a comparison of CTN between children who attend nature-
based (i.e., Reggio-Emilia inspired) versus non-natured based schools. More research concerning the biological and
developmental growth of 3-5-year-olds and cultural and geographical influences is imperative as the tool is used in
various locations worldwide. Finally, this modified instrument creates a lasting impact in the field of environmental
psychology as it should be considered a living tool that is manipulated to suit different geographic, cultural, and
young developmental stages. By establishing such a tool, scholars can use this chain of research as a guide for how
to develop, modify, and psychometrically evaluate game-based testing instruments.
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