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Abstract

The purpose of this study was to report validity evidence for the instrument intended to
measure receptivity to instructional feedback in a sample of secondary school students from
Singapore (N = 314). We tested a nested hierarchy of hyphotesis for addressing the cross-group
(i.e., gender) invariance and compared means on the receptivity to feedback sub-scales between
gender groups. We also examined whether receptivity to feedback predicted student grades. The
four-factor hypothesized model comprising experiential attitudes, instrumental attitudes,
cognitive engagement, and behavioural engagement with feedback had a good model fit. Multi-
group confirmatory factor analysis supported configural, metric, partial scalar, partial strict as
well as variance and covariance invariance across gender groups. After controlling for gender,
cognitive engagement and experiential attitudes predicted increments in grades, suggesting
evidence for discriminant validity among the receptivity factors as well as their relevance for

prediction of meaningful educational outcomes.

Key words: feedback, receptivity, engagement with feedback, validity evidence, secondary

school
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Receptivity to Instructional Feedback: A Validation Study in the Secondary School
Context in Singapore
Introduction

For decades, the main focus of research in the filed of instructional feedback was on the
provision of information to the student about his or her progress. Specific characteristics of the
feedback message were considered to be the sine qua non of helping students in their
performance and learning. Gradually, the field has shifted to realize that providing feedback only
begins the process that leads to student improvement (Jonsson, 2013; Winstone et al., 2017). It is
now uniformly accepted by researchers and practitioners alike that feedback is only effective if it
is used, and it will only be used if a student has the right context, information, dispositions, and
approach to how to use it. Lipnevich et al. (2016) described a model of student/feedback
interaction, where they discussed feedback information, student as the recipient of feedback, and
how the two interact. One of the key learner characteristics that the authors discussed was
student receptivity to instructional feedback.

The idea of student receptivity is based on the premise that there may be individual
differneces in the way people are willing or ready (or not) to accept feedback (Lipnevich et al.,
2016; Lipnevich & Smith, 2009; Murano et al., 2021). Some students may generally be eager to
receive external comments on their progress or performance, whereas others may be less
welcoming of it. These differences may be situational and context-dependent, but a general, trait-
like feedback receptivity appears to exist. To test this claim, Lipnevich at al. (2021) constructed
an instrument to examine student receptivity to instructional feedback. The researchers explored
links to the Big Five personality factors of conscientiouseness, agreeableness, neuroticism,

openness, and extraversion and showed a general trait component to the receptivity construct
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(Lipnevich et al., 2021). That is, receptivity incremented over broader personality characteristics
in a sample of university students from the US and New Zealand. Other researchers have found a
more situational (state) receptivity disposition among students (Brown et al., 2014) and described
related concepts, such as proactive recipience (Winstone et al., 2017).

Lipnevich et al. (2021) described receptivity as comprising cognitive (do I understand
feedback?) and behavioral (do I know what to do about it?) engagement, as well as instrumental
(do I think it’s useful?) and experiential (do I like it?) attitudes. The authors revealed that
conscientiousness and openness were the strongest predictors of receptivity, suggesting that
students who were achievement-oriented and disciplined as well as intellectually curious and
open to new information would tend to be more receptive to feedback. Not surprisingly,
neuroticism negatively predicted behavioural engagement with feedback. Agreeableness had
weak links with receptivity, and extraversion was not related to feedback receptivity at all. These
patterns of relationship was reassuring and suggestive of the need to further explore this
construct and its generalizability to different cultures and ages, as well as potential links to
student performance indicators.

There is an extensive body of research that describes effects of feedback on students
performance (; Wisniewski et al., 2020; Brooks et al., 2019), with researchers examining
variables that may explain the effectiveness of feedback. In addition to characteristics of
feedback message (Winstone et al., 2017), mode of delivery (Lyster and Saito, 2010), or context
(Gielen et al., 2010), a number of student variables explain variation in differential effects of
feedback on achievement. Self-efficacy, prior achievement, emotions, motivation, among others,
have been linked to students’ processing of feedback and performance improvements (Winstone

et al., 2017; Lipnevich & Smith, 2009). To date, there are no studies that have discussed
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receptivity to feedback as a disposition and that examined its links to grades or other educational
attainment indicators. It is safe to presume, however, that students who value feedback, enjoy
receiving it, understand it, and know what to do with it, would be more inclined to invest effort
into feedback implementation thus contributing to their improved outcomes. We intend to
examine this contingency in the current study.

Further, studies have consistently revealed gender effects in various characteristics
predicting educational outcomes (e.g., anxiety, Goetz et al., 2013; self-efficacy, Huang, 2016),
and to date, no study has examined gender differences in feedback receptivity, primarily because
of the recency in the contruct development. In order to make accurate and meaningful
comparisons of mean receptivity scores across gender groups, measurement equivalence of the
scales must be established (Drasgow & Guertler, 1987; Drasgow & Kang, 1984). Hence, we
aimed at examining the equivalence of a measure of receptivity between gender groups to assure
that the same construct is being assessed in each group.

The Current Study

The purpose of the current study is threefold. First, we report on the validation of the
instrument to measure receptivity to instructional feedback and provide validity evidence for its
use, downward extending its original sample from college students to secondary school students.
Specifically, we examine generalizability of the construct to a sample of secondary school
students from Singapore (AERA, APA,NCME, 2014; ITC, 2016; Wu et al., 2016). Second, we
tested a nested hierarchy of hyphotesis for addressing the cross-group (i.e., gender) invariance of
the instrument’s psychometric propierties and compared means on RIF sub-scales between
gender groups. Third, we examined whether sub-scales of RIF predicted student grades.

To this end, we formulated the following research questions:
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1. To what extent is there evidence to support structural validity of the Receptivity to

Instructional Feedback (RIF) scale?

2. Does receptivity to instructional feedback instrument exhibit adequate cross-gender
equivalence? What are the mean diffences in RIF scale scores between gender groups?
3. Do the components of receptivity to feedback at baseline predict grades at subsequent
points of data collection?
Method
2.1 Participants and procedure

Participants in this study were N = 314 secondary students from Singapore enrolled in
five schools. These schools were drawn from a representative range of schools: one was an
autonomous school (similar to U.S. private schools), three government and one government-
aided schools (similar to U.S. public schools). In each school, three classes of secondary schools
were involved. The classes were three Normal Technical classes, three Normal (Academic)
classes and nine Express classes. Among the participants, 54.1% (n = 170) self-identified as girls
and 45.9% (n = 144) as boys.

The data were collected online, with the exception of one school, where the teacher
distributed surveys in the paper-and-pencil format. In the latter case the data were entered by the
research assistant. The data were collected at baseline and then in three waves, with the average
of three weeks elapsing between baseline and wave 1 as well as wave 1 and wave 2. The distance
depended upon each school’s writing schedule. Between waves 2 and 3 all schools switched into
home-based learning, so the writing task was deffered. The schools resumed one month later,

when wave 3 data were collected.
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Application for the ethics clearance was submitted to Nanyang Technological University
Institutional Review Board (NTU-IRB) prior to the start of data collection. Consent forms,
information sheets, study procedures, as well as instruments received approval from the NTU-
IRB. Students and their parents gave consent to participate in the study by signing the same
form, and the form was accompanied by an information sheet which was also approved by the
institutional review board.

2.2 Instrumentation

2.2.1 Receptivity to Instructional Feedback (RIF). The Receptivity to Instructional
Feedback (RIF) scale is a self-report instrument designed to measure students' acceptance of
instructional feedback. The scale has been explored in a sample of the US and New Zealand
university students (Lipnevich et al., 2021). The items were slightly modified to reflect
secondary school context (e.g., “professor” was replaced with “teacher”). A total of 36 Likert-
type items measured on a 5-point scale (1=strongly disagree and 5=strongly agree) was
generated under four receptivity components: (1) experiential attitudes towards feedback, or
affective engagement with feedback (e.g., I look forward to receiving the instructor's comments
on my work); (2) instrumental attitudes towards feedback (i.e., value for feedback; e.g., I find the
comments | get on my assignment to be very helpful); (3) cognitive engagement with feedback
(e.g., I know how to use feedback comments to improve my work); and (4) behavioural
engagement (e.g., When I receive feedback, I carefully read every comment). Additionally,
behavioural engagement with the feedback scale was measured in three subsequent points of data

collection.



RECEPTIVITY TO INSTRUCTIONAL FEEDBACK 8

2.2.2 Grades

Student baseline marks were provided by the teachers using their year-end results from
the previous year. The subsequent (wave 1-wave 3) grades were also provided by the teachers
after each assignment. Grades were expressed as percentages and descriptive statistics (see Table
1) indicate that the lowest mean on grades was on baseline (M=61.895, sd=8.854, n=166) and the
highest on wave 1 (M=65.023, sd = 8.454, n=183), followed by wave 3 (M=64.317, sd=9.042,

n=249).

2.3 Analytic Plan

To answer the first research question, a Confirmatory Factor Analysis was conducted to
verify the 4-latent factor structure (e.g number of factors, pattern of loading, and correlations
among factors) of the RIF scale proposed by Lipnevich et al. (2021). Full-information data was
analysed throught Structural Equation Modelling (SEM) using lavaan package in R (Rosseel,
2012) with weighted least squares mean and the variance adjusted (WLSMV) estimator, which is
a robust estimation method designed explicitly for ordinal data (Sass et al., 2014). Items that had
a factor loading of A < 0.5 were excluded from the corresponding scale or factor, and model
alterations at the indicator level were conducted to improve model fit using several model
iteractions. Furtheremore, the overall model fit for measurement analyses was evaluated using
different indices (Cheung & Rensvold, 2002; Fan & Sivo, 2005, 2007). We used the following
indices and their cut-offs for ‘acceptable’ or ‘good’ fit (Brown et al., 2014; Browne & Cudeck,
1992; Hu & Bentler, 1998, 1999; MacCallum et al., 1996; Yu, 2002; Hair, et al., 2010): (1) the

Root Mean
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Table 1

Descriptive Statistics of Study Variables

N Mean SD Median Min Max Range Skewness Kurtosis
Receptivity of Instructional Feedback
Behavioral Engagement 307 -0.001 0.945 -0.030  -2.219 2362  4.581 0.358 -0.169
Cognitive Engagement 307 0.000 0.889 0.091 -2.413 1.936 4.348 0.036 -0.172
Experiential Attitudes 307 0.000 0.911 -0.016 -2.216 1.841 4.057 0.199 -0.525
Instrumental Attitudes 304 -0.001 0.944 0.068 -2.416 1.788 4.204 0.152 -0.494
Behavioral Engagement
Behavioral Engagement - Wave 1 294 -0.001 0.956 0.002 -3.338 2.091 5.429 0.008 0.002
Behavioral Engagement - Wave 2 299 -0.001 0.945 -0.046 -2.853 2.361 5.214 0.150 -0.016
Behavioral Engagement - Wave 3 291 -0.001 0.948 -0.056 -2.518 2.108 4.626 0.128 -0.264
Grades
Grades - Baseline 166 61.895 8.854 62.857 34286 81.000 46.714  -0.293 -0.358
Grades - Wave 1 183 65.023 8.454 65.000 43330  83.330 40.000 -0.158 -0.514
Grades - Wave 2 152 62.478 12447  63.333 0.000 96.667 96.667  -1.382 4.593
Grades - Wave 3 249 64.317 9.042 63.333  26.667 100.000 73.333  -0.385 1.793
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Square Error of Approximation (RMSEA) with values < .08 being indicative of reasonable fit
and values < .05 indicating a good fit; (2) the Comparative Fit Index (CFI) and Tucker-Lewis
index (TLI) with values > .90 indicating an acceptable fit and values > .95 indicating a good fit;
and (3) the standardized root mean square residual (SRMR) with values < .05 being indicative of

good fit.

Scores for each latent variable were estimated using an Item Response Theory (IRT)
model. IRT allows for the examination of the scale quality by checking the extent to which items
within a scale reflect a single underlining unidimensional latent construct (Kolen & Brennan, 2014;
Shevlin et al., 1997, Lu et al., 2005). We used a Graded Response Model (GRM), which is
appropriate for the polytomous and ordinal nature of the items with k categories of responses!.
This model assumes that each factor can be expressed as a latent score (0). The relationship
between each item and 0 is described by a slope parameter (discrimination or a-parameter) and
one or more location parameters (difficulty or b-parameter). The slope parameter is interpreted as
an item’s ability to discriminate among different levels on the 0, whereas the location parameters
indicates the trait level necessary (0) to have a 50% probability of choosing the category k or

higher as a response (Toland, 2014, Jessen et al., 2018, Bean & Bowen, 2021).

We examined various indices to assess model adequacy. For evaluating the absolute fit of
the model to each item we used the generalized S-y2, recommended for polytomous data (Orlando
& Thissen, 2000, 2003). The generalized S-7? tests the difference between empirical (observed)

and model-predicted responses by item response category (Bean & Bowen, 2021; Toland, 2014;

! Technical manual containing R code, data, codebook, and additional information for scoring Receptivity to
Instructional Feedback scales is available in https://osf.io/5xnz7/ (Lipnevich & Lopera-Oquendo, 2022).
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Xu et al., 2017). For overall model fit, we used the M2 limited information goodness-of-fit
statistics and the associated RSMEA index (Cai & Hansen, 2013; Maydeu-Olivares, 2005;
Maydeu-Olivares & Joe, 2014; Toland, 2014). In the context of IRT Models, well-fitting

statatistics will have a nonsignificant p-value with a small RSMEA value (RMSEA < 0.089 for

adequate fit and RMSEA < 0.05 for close fit (Maydeu-Olivares & Joe, 2014)2.

For testing the factor invariance hypotheses, multisample and 4-factor CFA models for RIF
scale by gender were fit to data using weighted least squares mean estimation (WLSMV).
Multisample CFA models fit to the data included the configural, metric, strong, partial strong,
and partial strict factorial invariance models as well as equal variance and covariance factor
models (Gregorich, 2006; Lugtig et al., 2012; Milfont & Fischer, 2010; Millsap & Yun-Tein,
2004; Schoot et al., 2012; Vandenberg & Lance, 2000)3. We evaluated the overall nested model
fit using different Comparative Fit Index (CFI) and Tucker-Lewis index (TLI) and absolute
indices (RMSEA and SRMR). Fit is considered adequate if the CFI and TLI values are > .90,
and better if they are > .95. TLI can become > 1.0, which can be interpreted as an indication of
over fitting, making the model more complex than needed. The cut-off value is RMSEA is .08,
but RMSEA and SRMR below .05 are commounly considered rough indicadores of good model
fit. Aditionally Satorra -Bentler (SB) scaled y* statistics (Ay?) and differences in model degrees of
freedom (Adf) were computed for testing wheter the more constrained model result in significant

worsening of fit (Chen, 2007; French & Finch, 2006). Finally, considering that the outcome

2 For scales with a small number of items it is suggested to evaluate the item fit statistics at the 1% of confidence level
(Stone & Zhang, 2003)

3 An invariance analysis of the instrument across the two types of instrument administration (online vs. paper-and-
pencil) was also conducted (see Tables S9 and S10, Suplemmentary Material). Findings support measurement (i.e.,
configural, metric, strict, variance and covariance invariance) equivalence of the RIF by the type of administration.
So, both types of data sources were included in the analysis.
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variable (grades) is given in what is called events/trials form that record the number of successes
y; that occurs in #; trials (total of possible mark), we used the y/n; (proportion of correct marks) to
estimate the probability of success m; associate with a set of exploratory variables (e.g. gender
and receptivity to instructional feedback). Finally, for addressing the third research question, we
conducted a logistic regression model with a logit link function, dealing with the restrictions of
nonlinearity in our dependent variable (Friendly et al., 2015; H.-G. Miiller & Stadtmiiller, 2005;

M. Miiller, 2004).

Results

3.1 Measurement of Receptivity to Feedback

In order to examine research question 1, we evaluated goodness-of-fit of alternative models
to understand and provide validity evidence for the factor structure of the RIF (Noar, 2003;
Strauss & Smith, 2009), scale based on Lipnevich et al. (2021). Lipnevich et al. (2021) showed
that RIF scale had a 4-latent factor structure, with factors representing the initially hypothesized
theory-based structure of the measure. Therefore, we compared three CFA models. Table 2
provides details of the model fit indices of the measurement model iterations. Model 1 included
all 36 items distributed in the original 4-factors (e.g. Behavioral Engagement, Experiential
Attitudes, Instrumental Attitudes, and Cognitive Engagement). Based on absolute indices
(RMSEA =0.103 and SRMR =0.073 ), the model showed an inadequate fit (see, Table 2). Then,
items that insufficiently represented the designated construct (with lower loading factors (A <
0.5), were excluded from the subsequent model iteration to improve overall model fit (Frohlich,

2002; Voss et al., 2003) 4. Model 2, run with 31 items, showed a poor fit according to absolute

4 Three items from Behavioral Engagement were excluded “I only look at feedback quickly” (A =0.267), “I ask my
teacher to explain comments I do not understand” (A = 0.485), “I spend a lot of time studying teacher's comments”
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indices (RMSEA =0.103, and SRMR = 0.073). Finally, we examined Model 3, which contained
a reduced set of 24 items proposed by Lipnevich et al. (2020). CFA analyses revealed good fit
for Model 3: RMSEA =0.061 (90% CI: 0.053,0.068), CFI = 0.992, TLI = 0.991, and SRMR =
0.059. Previous results also showed that scales could be improved by eliminating some of the
items without significantly altering the content of the scale, which has important implications for
administration of the instrument in classroom settings, especially in middle and high school
contexts. Table S1 (Supplementary Material) shows all original items of the scale and their final
factor loading to their respective RIF indicators. The correlation between scales in Model 3
ranged from .688 <1 < .791 (see, Table S2 Supplementary Materials), whereas the internal
consistency reliability statistics across the 4 scales ranged from .74<a < .86 (see, Table S3

Supplementary Materials).

(A= 10.476), while two items were deleted from Experiential attitude factor “I hate it when the teacher hands back
the work I have done” (A = 0.485), and “T hate it when the teacher hands back the work I have done” (A =0.304)
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Table 2
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Model Fit Statistics of Factor Analyses Measurement Model Iterations of the Receptivity to Instructional Feedback (RIF) Scale

daf

RMSEA

(90 % CI) CF1 TLI SRMR

Models DVs Mo‘del.
specification

CFA Model 1 36 4-factor 307

CFA Model 2 31 4-factor 307

CFA Model 3 24 4-factor 307

588
428
246

0.104
0.103

0.061

(0.093,0.107) 0972 0970 0.081
(0.098,0.108) 0979 0977 0073
(0.053,0.068) 0992 0991 0.059

Note. All of the CFA models contained 4 latent factors, each representing the theory-based 4-factor structure of the measure. The first CFA
model, Model 1, included all original 36 items of the measure estimated onto their respective hypothesized constructs.
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Furthermore, for evaluating the factor structure of the Behavioural Engagement scale in
subsequent point data collection (wave 1 thru 3), two CFA models were estimated. The first CFA
Model included all original 12 items by scale-wave, whereas Model 2 (i.e., the final
measurement model) contained a reduced set of 9 items corresponding with the structure
suggested for this factor according to the results from the complete RIF instrument. Model 2 had
good fit: RMSEA =0.0785 (90% CI: 0.072,0.849), CFI = 0.986, TLI = 0.984, and SRMR =
0.067. The internal consistency reliability statistics (a) for the scale were 0.887, 0.844 and 0.860
for waves 1 through 3 (See, Table S3 Supplementary Material). Tables S4 and S5
(Supplementary Material) show the factor loading and details of the model fit indices of the
measurement model iterations, respectively.

Concerning the scoring procedure, the results of the item parameters obtained with the
GRM model are shown in Tables S6 and S7 (Supplementary Materials). Overall, the items for
RIF scales covered a wide range of latent traits>. Regarding a-parameter (discrimination), items
had values that suggested a high capacity of response category to distinguish among different
latent traits. The individual assessment of each item to the GRM indicated that four items did not
fit the S-x? p-value > 0.01%; however RMSEA-y? is a lower cut-off criterion in all cases.
Additionally, the global assessment of RIF scales was adequate (See Table S8, Supplementary
Material). Cognitive Engagament showed a higher RMSEA, which could be a consequence of

this test can be overly sensitive to small model-data misfit (Toland, 2014).

> Range of b-parameter covers the following ranges by scales: Experiential Attitudes from -6.113 (b; item 4) to
1.505 (bs item 6), Instrumental Attitudes from -3.545 (item 5) to 1.014 (bs item 5), Cognitive Engagement
from -4.205 (b item 3) to 1.421 (bs item 4) and Behavioral Engagement from -4.120 (b; item 8) to 1.679 (bs
item 7)

6 “I'look forward to receiving the teacher's comments on my work” (Experiential Attitudes), “Feedback on tests and
assignments doesn't help me very much” (Instrumental Attitudes), “I work through the feedback I receive”
(Behavioral Engagement)
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3.2 Invariance analysis and mean differences

The first step in establishing measurement invariance for the four-latent factor structure
suggested by RIF instrument was configural invariance. We tested whether the same factorial
structure held in both group (boys and girls) separately, without any equality constraints
(Vandenberg et. al, 2000). Table 3 shows the results of models fit for measurement invariance.
Model 1 had a good fit: RMSE = 0.039, (09% CI1=0.027 - 0.049), CFI =0.947, TLI = 0.940, and
SRMR= 0.067. Then, we proceded to testing metric invariance. Metric invariance is a
constrained version of configural model where the factor loading are assumed to be equal across
groups but the intercepts are allowed to vary between groups. This implies that respondents
across gender attribute the same meaning to the latent constructs of RIF. To test metric
invariance, we needed to compare the configural model against the metric model using a chi-
square difference (A 72) test. Table 4 shows that the chi-square difference test was not
statistically significant (Ay? =25.837,df =20, p =0.1713). This finding suggests that after
constraining the factor loadings to be equal across groups, the model fit did not change
substantially. In other words, the constrained model (i.e., Model 2 full metric invariance) fit the
data as well as the free model (Model 1). The model fit indices also indicate a good fit for the
metric model (RMSE = 0.036, (09% CI=0.023 - 0.046), CFI =0.953, TLI = 0.949, and SRMR=

0.078).
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Table 3

Comparison of Fit Indices in Invariance Models by Gender
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Model % df v¥df ~ RMSEA (90 % CI) CFI TLI SRMR
Model 1. Full Configural 603.96 492 1.228 0.039  (0.027 - 0.049) 0.947 0.940 0.067
Invariance
]IWOde.Z 2. Full Metric 611.32 512 1.194 0.036  (0.023-0.046)  0.953 0.949 0.078
nvariance
Model 3. Full Scalar 641.92 532 1.207 0.037  (0.025 - 0.047) 0.948 0.946 0.080
Invariance
]IWOde.Z 4. Partial Scalar 626.04 524 1.195 0.036  (0.024 -0.046) 0.952 0.949 0.078
nvariance
Model 5. Strict Invariance 654.60 548 1.195 0.036  (0.024-0.046)  0.950 0.949 0.082
Model 6. Variance and 614.92 558 1.102 0.026  (0.003-0.038) 0973 0.973 0.084

Covariance Invariance
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Table 4

Nested Invariance Models Comparison by Gender
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Model Comparison Ay? Adf ACFI ATLI ARMSEA ASRMR Decision
Configural vs Metric 25.837 20 0.006 0.009 -0.003 0.011 Accept
Invariance
Metric vs Scalar Invariance 45.36 20%H* -0.005 -0.003 0.001 0.002 Reject
Metric vs Partial Scalar 19.501 12 20.001 0.000 0.000 0.001 Accept
Invariance
Partial Scalar vs. Strict 36.592 2 20.002 0.000 0.000 0.004 Accept
Invariance
Strict vs. Variance and 7.256 10 0.024 0.024 20.01 0.002 Accept

Covariance Invariance

Note *** p.value < 0.001, ** p.value < 0.01, * p.value <0.05, . p.value <0.1
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After metric invariance was established, the next step was to impose scalar invariance, a
constrained version of the metric model where both the factor loadings and intercepts are
assumed to be equal between girls and boys. Scalar invariance implies that the meaning of the
construct (the factor loadings), and the levels of the underlying items (intercepts) are equal in
both groups. Therefore, observed scores are related to the latent score; that is, individuals who
have the same scores on the latent construct would obtain the same score on the observed
variable regardless of their group membership (Schoot et al., 2012; Vandenberg & Lance, 2000).

Although model fit indices for full scalar invariance (Model 3) indicated an acceptable fit
(RMSE = 0.037, (09% CI=0.025 - 0.047), CFI =0.948, TLI = 0.946, and SRMR= 0.080), the
statistically significant results suggested that there was a lack of scalar invariance by gender for
the RIF instrument (Ay? = 45.36, df = 20, p< 0.0001). Consequently, we tried to established
partial measurement invariance, which may allow appropriate cross-group comparison even if
full measurement invariance was not obtained (Byrne et al., 1989; Steenkamp & Baumgartner,
1998).

The goal of testing for partial measurement invariance is to find out which of the loadings
or intercepts differ across groups. If only one of these is different across groups, we know that
any differences on the latent variable can either be caused by a difference in this
loading/intercept, or by the true latent variable group difference. Therefore, we identified eight
items’ that had a significant impact on model fit, due to parameters not being invariant across

group, and instead of fixing these intercept parameters, we estimated them freely for girls and

7 Items identified with influential parameters by scale were: i) Experiential Attitutes (“/ enjoy reading teacher's comments on my
tests/assignments”’, and “I do not like it when my work is given a mark”), ii) Cognitive Engagement (“The comments the teacher
makes on my work are easy to understand”), iii) Behavioral Engagement ( ““/ go over teacher's comments several times”, “When
1 receive feedback, I think about how I would do things differently next time”, “I don't really think about the feedback I receive”,
“Idon't really think about the feedback I receive”), and iv) Instrumental Attitudes (“Teacher's feedback is very effective in helping
me enhance my performance”).
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boys. That is, we released the constraints for these parameters to establish scalar partial
measurement invariance (Model 4). The comparison of the adjusted scalar model and metric
model indicated that the chi-square difference test was not significant (Ay?=19.501,df=12,p =
0.077). Also, the model fit showed that the adjusted partial scalar model had a good fit (RMSE =
0.036, (90% CI=0.024 -0.046), CFI =0.952, TLI = 0.949, and SRMR= 0.078).

Next, we tested strict factorial invariance, a constrained version of the scalar model where
the factor loadings, intercepts, and residual variances are fixed across groups. The model of
partial strict invariance (Model 5) was compared to the partial scalar invariance model (Model
4). The difference in terms of chi-squeared was significant (Ay? = 36.59, df = 24, p = 0.048), but
the CFI decrease was trivial -0.002, whereas SMRS improved (0.004). Hence, it can be
concluded that partial strict invariance was supported (Steenkamp & Baumgartner, 1998).
Finally, we tested the invariance of factor variance and covariance (Model 6). Invariance of
factor variance indicated that the range of scores on a latent factor did not vary across groups,
whereas the factor covariance invariance tested if all latent variables had the same relationship in
all groups. This model was compared with partial strict invariance (Model 5). The difference in
terms of chi-squared was not significant (Ay2 = 7.256, df = 10, p = 0.7011). Furthermore, the
model fit indices for the variance and covariance invariant model showed a good fit (RMSE =
0.026, (90% CI=0.003 - 0.038), CFI =0.973, TLI = 0.973, and SRMR= 0.084). Thus, the invariance
variance and covariance was supported.

After we established invariance, we conducted independent samples t-tests to determine
whether there were significant differences in means of RIF scales across gender groups. Overall,

girls had had higher scores on RIF scales than boys (see Table S11 Supplementary Material),
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with behavioral engagement (.295, p-value <0.01) and experiential attitudes (.292, p-value
<0.01) reaching statistical significance.
3.3 Instructional feedback and grades

Logistic regression models (see Table 5), controlling for gender, examined the degree to
which each receptivity of feedback scale predicted the probability to obtain higher marks at
baseline and subsequent data points. Results across the regression analyses in the four receptivity
measures showed that the probability of getting higher marks is lower for males than females.
Increases in experiential attitudes and cognitive engagement were significantly and positively
associated with an increase in the likelihood of higher marks in the baseline and wave 1. In
contrast, instrumental attitudes predicted increments in grades in baseline and wave 3.
Furthermore, behavioral engagement in wave 1 predicted the probability of obtaining higher
marks (grades) in wave 2, whereas behavioral engagement in waves 2 and 3 was associated
within marks in corresponding waves (see Table 6). Therefore, the results suggested evidence for
discriminant validity among the receptivity factors and their relevance for predicting meaningful
educational outcomes. However, the predictive power of cognitive engagement on grades® must
be carefully analyzed because even though individual items showed a good fit to the scoring
model, the overall fit of the GRM model was not adequate according to the traditional cut-off

criterion, suggesting that effects could be biased.

8 Models using cognitive engagement scoring with CFA were also estimated and results were similar to those
provided with IRT scores.



RECEPTIVITY TO INSTRUCTIONAL FEEDBACK AND PERSONALITY 22

Table 5

Logistic Regression. Receptivity to Instructional scales in Baseline as a predictor of Grades

) BL Wave 1 Wave 2 Wave 3
Variable
B OR SE B OR SE B OR SE B OR SE

Model 1
Intercept 0.637%%* 002  0.732%%x 0.04  0.708%%* 005  0.676%** 0.03
Gender (Male) 0346%F% 0708 0.04 -0265%%* 0767 006 -0315%%* 0729  0.07 -0245%%* 0783  0.05
Behavioral 0.018 1.018 002  0.040 1.041 003 0011 1.011 0.3 0.035 1.036  0.03
Engagement
Model 2
Tntercept 0.638%** 002  0.726%%* 004  0.707%%* 005  0.678%** 0.03
Gender (Male) 0.349%%% 0705  0.04 -0265%** 0767 006 -0315%%* 0730  0.07 -0250%** 0779  0.05
Cognitive 0.041* 1.042 002  0.073* 1.076 003  0.023 1023 004  0.035 1.036  0.03
Engagement
Model 3
Tntercept 0.637%%* 002  0.721%%x 0.04  0.704%%x 005  0.679%** 0.03
Gender (Male) 0339%F% 0712 0.04 -0258%%* 0773 006 -0309%%* 0734  0.07 -0252%%% 0777  0.05
Experiential 0.038* 1.038 002  0.070* 1072 003  0.026 1.027 004  0.019 1.019  0.03
Attitude
Model 4
Tntercept 0.642% %% 002  0.731%%x 004  0.707%%* 005  0.675%** 0.03
Gender (Male) 0.349%%% 0705  0.04 -0271%%* 0763 006 -0309%%* 0734  0.07 -0248%** 0780  0.05
Instrumental 0.036* 1.037 002  0.040 1.040 003  0.028 1.028  0.04  0.055% 1.057  0.03
Attitudes
N 162 180 146 243

Note . p <0.1 =, * p<0.05; ** p<0.01, *** p<0.001.
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Table 6

Logistic Regression. Behavioral Engagement in Wavel to 3 as a predictor of Grades

Grades
Variable Wave 1 Wave 2 Wave 3

B OR SE B OR SE B OR SE
Model 5
Intercept 0.726%** 0.04 0.6827%** 0.05 0.680*** 0.03
Gender (Male) -0.249%** 0.779 0.06 -0.260%** 0.771 0.07 -0.219%** 0.803 0.05
Behavioral Engagement - 0.041 1.042  0.03 0.075* 1.078  0.04 0.010 1.010  0.03
Wave 1
N 175 140 234
Model 6
Intercept 0.712%** 0.05 0.676%** 0.03
Gender (Male) -0.266%** 0.767 0.07 -0.203%** 0.816 0.05
Behavioral Engagement- 0.066 . 1060 004  0.029 1029 0.02
Wave 2
N 143 238
Model 7
Intercept 0.673%** 0.03
Gender (Male) -0.255%%* 0.775 0.05
Behavioral Engagement - 0.045. 1.046 0.03
Wave 3
N 240

Note . p <0.1 =, * p<0.05; ** p <0.01, *** p <0.001.



RECEPTIVITY TO INSTRUCTIONAL FEEDBACK AND PERSONALITY 24

Discussion

In the current study we collected validity evidence for the instrument intended to measure
receptivity to instructional feedback. Specifically, we downward extended the sample from the
university (Lipnevich et al., 2021) to the secondary school students. We explored generalizability
of the instrument to a different culture (i.e., Singapore) and examined cross-gender stability of
the construct (AERA, APA, NCME, 2014; ITC, 2016; Wu et al., 2016). To achieve the latter
goal, we tested a nested hierarchy of hyphotesis for addressing the cross-group (i.e., gender)
invariance of the instrument’s psychometric propierties. This allowed us to examine differences
in mean receptivity scores between boys and girls. Finally, we examined whether sub-scales of
RIF predicted student grades.

The CFA results confirmed the existence of four separate factors of receptivity to
feedback: experiential attitudes toward feedback, instrumental attitudes toward feedback,
cognitive engagement with feedback, and behavioural engagement with feedback. Hence, the
structure established in a sample of the US and New Zealand university students held for
secondary students in Singapore.

Further, no previous study has examined the measurement equivalence of receptivity
across any demographic groups and failure to establish measurement equivalence between
gender groups would have had practical implications for the interpretations of the receptivity
score. We found support for measurement (i.e., configural, metric, partial scalar, strict, and
variance and covariance invariance) equivalence of the RIF. Because of the equivalence of the
factor coefficients and intercepts, it was possible to make meaningful comparisons between boys
and girls. We found that girls’ scores on experiential attitudes and behavioral engagement scales

were significantly higher than boys’. When considering the Cohen’s d-values, which is an
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expression of the difference in standard deviation units, the difference was .315 and .324 of one
standard deviation for behavioral engagement and experiential attitude, respectively. In other
words, girls view feedback more favorably than boys and like receiving feedback on their
assignments, and they also report to employ a larger range of behaviors upon receiving feedback.
Our study also demonstrated that receptivity to feedback made substantial contributions
to predicting student grades. So, after controlling for gender, behavioral engagement and
experiential attitudes explained 15% of variance in student grades. Conscientiousness and self-
efficacy have been consistently found to be the strongest personality predictors of student
academic attainment. So, Poropat, (2009) conducted a meta-analysis and revealed an average
correlation of = 0.22 between conscientiousness and grades. Other studies have shown that
conscientiousness accounted for an additional 10% of the variance in GPA even after controlling
for intelligence (Di Fabio & Busoni, 2007) and conscientiousness, extraversion, and openness to
experience explained additional 12% of the variance in grades of college students (Furnham &
Chamorro-Premuzic, 2004). Furthermore, Robbins et al. (2003) showed that the best predictors
for GPA were students’ academic self-efficacy and achievement motivation with average
correlations of r =.496 and .303. Hence, the contribution of receptivity to explaining student
grades is noteworthy. In terms of its practical value, one of the most important implications of
this study is that receptivity may represent a relatively malleable characteristic, and hence, may
be influenced through instructional interventions (Winstone et al., 2017). For example,
enhancing the perceived value of feedback (instrumental attitudes) and teaching student specific
strategies for feedback uptake (behavioral engagement) could be relatively accessible and highly
instrumental in their use of feedback. Future research should examine RIF’s incremental

prediction of grades over and above personality, self-efficacy, and motivation.
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This study is not without limitations. Due to the specifics of study design, the reported
study could not be used to establish causal relationship between receptivity and performance.
Future studies could employ a longitudinal designs to examine links between receptivity and
achievement. Further, other factors may have influenced the magnitude of the relationship
between receptivity and grades. Hence, exploring receptivity and its links to indicators of
academic performance could be a fruitful area for future research. Although the purpose of the
study was not to examine, in detail, the IRT model, we offered a collection of statistical models
to define the relationship between individuals’ unobserved latent scores and item characteristics
of the RIF scale. Future studies may further examine IRT assumptions and hypotheses through
systematic variations in the data structure, such as modeling scores using multidimensional IRT.
Further work on exploring generalizability of the RIF to other contexts, educational levels, and
countries is also in order.

Conclusion

Our findings revealed that the factor structure of the receptivity measure was maintained
in a sample of secondary school students from Singapore. Furthermore, measurement
equivalence was established for the scores of the four factors of the RIF scale between gender
groups. That is, RIF items measuring the latent receptivity to feedback facets are interpreted the
same way across male and female secondary school students. Mean comparison revealed higher
scores on experiential attitudes and behavioral engagement for girls. Furthermore, controlling for
gender, experiential attitudes (or affective engagement), cognitive, and behavioral engagement
predicted student grades. Hence, the measure is appropriate for usage in a secondary school
sample in Singapore and is useful for predicting meaningful educational outcomes. In sum,

receptivity to feedback may be highly useful in predicting grades, and its malleability may be
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explored through class-wide interventions and instructional activities. Effective and

psychometrically sound tool will be helpful to achieve this goal.

27
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