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Abstract: The aim of this study was to investigate the comparability of feedback across culturally
diverse countries by assessing the measurement invariance in PISA 2015 data. A multi-group
confirmatory factor analysis showed that the feedback scale implemented in PISA 2015 was not
invariant across countries. The intercepts and residuals of the factor model were clearly not the same,
and the factor loadings also differed. Model fit slightly improved when the more individualism-
oriented countries were separated from the more collectivism-oriented countries, but not to an
acceptable level. This implies that the feedback results from PISA 2015 have a different meaning
across countries, and it is necessary to be careful when making cross-cultural comparisons. However,
the absence of measurement invariance did not affect the relationship between feedback and science
achievement scores. This means that feedback, as measured by PISA 2015, can be compared across
culturally different countries, although the current form of this scale lacks important, culturally
specific elements.
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1. Introduction

Feedback is considered to be one of the most effective strategies for improving student
learning [1]. It can be defined as ‘information provided by an agent (e.g., teacher, peer,
book, parent, self, experience) regarding aspects of one’s performance or understanding’
([1], p. 81). However, feedback currently is also conceptualized as ‘the new knowledge that
students generate when they compare their current knowledge and competence against
some reference information” ([2], p. 757). The second definition elaborates on the first,
as feedback is not only about the information provided, but also about the comparison
between students’ own work and other information (such as the comments of the teacher).
However, whether positive effects of feedback are found depends greatly on how feedback
is provided and perceived [1,3-5]. The latter can differ within and between individuals,
and is impacted to some extent by the cultural context [1].

One aim of international large-scale assessments, such as the OECD’s Programme for
International Student Assessment (PISA), is to compare classroom practices in educational
systems across the world, with the aim of providing policy recommendations based on the
strengths and weaknesses of diverse educational systems. Given the critical importance
of feedback for student learning, feedback has become a focus in PISA [6]. To achieve the
aim of providing meaningful policy recommendations, it is critical that PISA results can be
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meaningfully compared across countries. This study therefore evaluated the comparability
across countries of feedback in science classes as measured in PISA 2015.

1.1. Feedback across Culturally Different Countries

Differences between the cultures of countries can be characterized along different
continuums, but they are most often characterized by the individualism—collectivism con-
tinuum proposed by Hofstede in his seminal 1986 work [7]. There is evidence that this
continuum, even though it does not capture the full complexity of cultural differences, can
be used as an indicator for certain teacher and student behaviours in the classroom [8,9].
It is important to note here that the descriptions below are ideal-typical; there are many
countries that fall somewhere between these extremes. Generally, Asian and South Ameri-
can countries tend to be more oriented towards collectivism, whereas northwest European
countries and the United States tend to be more oriented towards individualism [10].

Collectivism is characterized by a stronger we-consciousness: people are born into
extended families or clans that protect them in exchange for loyalty. Teachers in countries
on the collectivistic end of the spectrum commonly tend to take a more teacher-centred
approach: the teacher transfers the knowledge to passive students [11,12]. The teacher is
more likely to guide the student through each step of the process [13]. This also means that
a stricter hierarchy between teachers and students can often be observed, in which students
only respond when they are personally called upon by the teacher. Students are typically
not expected to ask for feedback [14]. As a result, students with more collectivism-oriented
identities can be more used to taking a passive role in the classroom than students with
more individualism-oriented identities.

However, students being active is critical for feedback to be effective [15]. Specific
cultural values, such as the power distance between teacher and student, can hinder the
use of feedback in classrooms in the more collectivism-oriented countries [16,17]. This
is in line with the fact that teachers in the more collectivism-oriented countries aim to
give implicit, group-focused feedback [18]. Such feedback is also the feedback style more
typically preferred by students, as it does not evaluate them in front of their peers (e.g.,
harmony in the group is preserved) [19].

Individualism, on the other hand, is characterized by a stronger I-consciousness:
everyone is supposed to take care of themselves and their immediate family only. Others
are considered as individuals [10]. Teachers in countries on the more individualism-oriented
end of the spectrum tend to have a more student-centred approach in their classrooms.
Students are motivated by their teacher to become independent thinkers and to take the
initiative [11-13]. In the more individualism-oriented countries, two-way communication is
more commonly encouraged as a norm in the classroom, and teachers often expect students
to seek feedback and ask questions [10,18]. This means that students are expected to speak
up when they have questions or when questions are asked by the teacher [10]. Teachers
also have a certain amount of autonomy in their lessons and can, therefore, also give
more attention to individual differences [13]. Individual feedback is the style of feedback
typically preferred by students in the more individualism-oriented countries [19].

As mentioned, in practice, no country has all of the traits belonging to the described
orientations. For example, in some Western countries, such as the Netherlands, teaching is
not completely student-centred (yet), and teachers find it difficult to give students more
ownership of their own learning process [20]. On the other hand, some students in the
more collectivism-oriented countries of China, Singapore, and Chinese Taipei actually
prefer more individual feedback [13]. In addition, the move from more teacher-centredness
to more student-centredness can be seen in educational contexts worldwide, albeit this
move is rather slow. There has (very) slowly been increasing recognition of the view that
the student has a significant role to play in feedback processes, while adherence to the

transmission model of a teacher telling students what to do in the classroom is slowly
fading [21].
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1.2. Feedback in PISA 2015

The data used in this study are from the PISA 2015 survey. The aim of PISA is to
map student achievement and educational background factors internationally by country.
This gives greater insight into the effectiveness of classroom practices in educational
systems across countries worldwide. Every 3 years, PISA assesses the level of 15-year-
old students in various subjects, most importantly science, reading and mathematics [6].
Moreover, PISA distributes background questionnaires to the students, parents and teachers
to gain information on the classroom practices and strategies used, and the (educational)
background of students. The purpose of including feedback in PISA 2015 was to investigate
the use of feedback in science classes as a strategy to improve student learning outcomes
across countries worldwide [22]. However, constructs such as feedback must have the
same meaning in order to meaningfully compare results across countries. It is likely that
the cultural context of a country can interfere with the meaning of social constructs. The
feedback scale implemented in PISA 2015 seems to be focused on the more individualism-
oriented classroom: (1) the items are all focused on the relationship between the teacher
and the student, and (2) all of the feedback is directed to the first person, the I. The
formulation of these items seems to be better suited for the more individualism-oriented
countries, where a more student-centred approach is typical [13], in contrast with the more
collectivism-oriented countries, in which implicit and group-related feedback is more often
the norm [19]. The items for PISA are usually developed in Western, more individualism-
oriented, countries, which could easily have caused a greater influence of these countries
on the content of the items.

Comparing feedback across countries can only be performed meaningfully if the latent
variable, which is feedback in this case, has the same meaning in these diverse countries.
In other words, to enable meaningful cross-country comparisons, the latent variable needs
to meet the assumption of measurement invariance. In this study, we assessed whether this
assumption of measurement invariance holds for the feedback construct across culturally
diverse countries, as we expected that feedback might be conceptually different across these
countries. We expected, for example, that the feedback construct in PISA 2015, completely
focused on teacher—student feedback, might be a better indicator for individualism-oriented
countries compared to collectivism-oriented countries. We therefore investigated two
aspects related to the validity of the PISA 2015 scale for measuring feedback. The main
research question was:

Research Question 1 (RQ1). To what extent is feedback comparable across culturally diverse nations?
The two sub-questions were:

Research Question 1a (RQ1a). To what extent are the feedback scores in PISA 2015 subject to
measurement variance across the more collectivism- and more individualism-oriented countries?

Research Question 1b (RQ1b). What is the impact of cultural diversity on the observed relation-
ship between feedback and science achievement scores?

2. Methods
2.1. Feedback in PISA

Feedback in PISA 2015 was conceptualized as perceived feedback in science classes,
as outlined in the items below [6]. The purpose of including this construct in PISA 2015
was to measure the degree to which students perceived feedback to occur in the classroom,
as feedback is considered to be very complex and is, in the more individualism-oriented
countries, expected to differ based on individual student needs [22]. The items in PISA
2015 measuring perceived feedback were [6]:

1. The teacher tells me how I am performing in this course. (ST104Q01NA).
2. The teacher gives me feedback on my strengths in this <school science> subject.
(ST104Q02NA).
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The teacher tells me in which areas I can still improve. (ST104Q03NA).
The teacher tells me how I can improve my performance. (ST104Q04NA).
5. The teacher advises me on how to reach my learning goals. (ST104Q05NA).

o

Students were asked to respond to the items using a 4-point Likert scale, where higher
scores indicated more frequent feedback: ‘Every lesson or almost every lesson’, ‘Many lessons’,
‘Some lessons” and ‘Never or almost never’. To scale the items, a partial credit model was
used [23]. In order to facilitate interpretation, these scale indices were transformed to have
an international mean of 0 and standard deviation of 1 [6,24]. Reliability analysis for these
items shows very high Cronbach’s alpha values across almost all countries (>0.90).

2.2. Participants

This article presents a secondary analysis of PISA 2015 data. PISA 2015 was adminis-
tered to approximately 540,000 students, representing about 29,000,000 15-year-old students
across 72 participating countries. For the purpose of this study, we checked and ranked the
72 PISA countries against the individualism index (IDV) developed by Hofstede et al. [25].
This IDV ranges from 0 (for countries that are most collectivism-oriented) to 100 (those
that are most individualism-oriented). Ten PISA countries that did not have a IDV score or
did not participate in the student background questionnaire for PISA 2015 were excluded
from this study. Next, from the IDV ranking list, we selected the countries within the
lowest quartile (e.g., those most collectivism-oriented) and countries within the highest
quartile (e.g., those most individualism-oriented). This led to the selection of the 16 most
collectivism-oriented countries and the 16 most individualism-oriented countries (see Ta-
ble 1), with the exclusion of the remaining 30 countries that fell in the middle of the IDV
ranking list. Data from all of the participating students in these 32 countries were used in
the analyses.

Table 1. Categorization of most collectivism- and most individualism-oriented countries.

Most
IDV Score Individualism-Oriented IDV Score
Countries or Regions

Most Collectivism-Oriented
Countries or Regions

Indonesia 13 United States of America 91
Columbia 14 Australia 90
Costa Rica 15 United Kingdom 89
Trinidad and Tobago 16 Canada 80
Peru 16 Netherlands 80

Taiwan 17 Hungary 80

Korea 18 New Zealand 79
B-S-J-G (China) 20 Italy 76
Thailand 20 Belgium 75
Vietnam 20 Denmark 74
Singapore 20 France 71
Chile 23 Sweden 71

United Arab Emirates 25 Ireland 70
Hong Kong 25 Latvia 70
Puerto Rico 27 Norway 69
Portugal 27 Switzerland 68

The IDV scale ranges from 0 (most collectivism-oriented) to 100 (most individualism-oriented).

2.3. Measurement Invariance Analysis

The general framework of structural equation modelling (SEM) [26,27] was used
to assess whether students from the most collectivism-oriented countries interpreted the
perceived feedback items in the same way as students from the most individualism-oriented
countries. SEM allows the combination of a measurement model and a structural model,
and is, therefore, a very useful tool with which to assess the assumption of measurement
invariance. The measurement part of our analysis was a confirmatory factor analysis (CFA)
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for the latent variable of perceived feedback as measured by the five observed variables
included in the student background questionnaire (see also Section 2.1). The assumption of
strict measurement invariance in PISA 2015 across these two groups of countries was tested
by evaluating the perceived feedback scale with the use of the checklist developed by Van
de Schoot et al. [28]. This means that several measurement models were compared, each
with a different, increasingly weaker set of constraints on factor loadings, intercepts and
residuals. Table 2 outlines the steps for the measurement invariance analysis. All models
have been estimated using a maximum likelihood estimator.

Table 2. Equality constraints on model parameters; cf., Taht and Must [29].

Model Factor Loadings Intercepts Residuals

1 (Strict MI) Invariant Invariant Invariant
2 (Scalar invariance) Invariant Invariant Free
3 (Intercept invariance) Free Invariant Free
4 (Metric invariance) Invariant Free Free

The models were compared with each other using Likelihood Ratio tests, which
compare the significance of the difference of the Chi-square value between the models.
The significance determined whether the model fit is worse than the previous one and,
therefore, whether the assumption of measurement invariance can hold.

To answer the second research question, the measurement model was fitted for the
groups of countries separately, and finally, the modification indices of the current perceived
feedback scale were evaluated in order to signal possible improvements for the scale.
Each model was evaluated with several absolute, relative and comparative goodness-of-
fit indices. Goodness-of-fit indices indicate the fit between the statistical model and the
observed values [30]. All of these indices are a function of the Chi-square goodness-of-fit
value and degrees of freedom [31].

First, absolute goodness-of-fit indices assume that the best fitting model has a fit of
0[32]. The absolute index that was used in the current study was the root mean square error
of approximation (RMSEA). RMSEA values below 0.05 indicate a good fit, whereas RMSEA
values between 0.05 and 0.8 indicate a mediocre fit. An RMSEA value above 0.10 indicates
a poor fit [33]. Second, relative goodness-of-fit indices compare the model to a null model
(i.e., the baseline model in which all variables are uncorrelated). The relative indices that
were used in the current study were the comparative fit index (CFI) and the Tucker-Lewis
index (TLI). CFI and TLI values higher than 0.90 indicate an appropriate fit [33]. Third,
comparative goodness-of-fit indices are useful when comparing multiple models with each
other. The comparative indices that were used for this study were the Akaike information
criterion (AIC) and the Bayesian information criterion (BIC). The choice of indices was
based on the checklist for measurement invariance developed by Van de Schoot et al. [28].

Next, the impact of a possible lack of measurement invariance on science achievement
scores was assessed by analysing the structural relationship between the model measuring
perceived feedback and science achievement scores, and the impact of a possible lack of
measurement invariance on this relationship. Within this analysis, we made use of the full
advantages of SEM, in which a measurement model and a structural model are combined.
For this analysis, a model in which the meaning of perceived feedback was assumed to
be similar for all participants was compared with a model in which perceived feedback
was estimated separately for the most individualism- and the most collectivism-oriented
countries. The difference between these models enabled the identification of the impact of
culture on the observed relationship between perceived feedback and science achievement
scores, as the perceived feedback items were measured in relation to science subjects.

All statistical analyses were carried out using R (2018, R Core Team, Vienna, Austria) [34].
The additional R packages that were used for the SEM analyses were lavaan.survey [35] and
Imtest [36].
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3. Results
3.1. Measurement Invariance

The first step was to conduct a CFA in order to evaluate the measurement model used
by PISA 2015 using all data (i.e., all 32 more collectivism- and more individualism-oriented
countries combined); see Figure 1. The goodness-of-fit indices of this model showed
mixed results; namely, there were appropriate levels for the relative fit indices (CFI = 0.966,
TLI = 0.931), but the absolute fit index was too high (RMSEA = 0.155). These results suggest
that the fit of the PISA 2015 model for the perceived feedback scale could potentially be
improved. On the other hand, the factor loading of the first item of the scale (ST104Q01NA,
“The teacher tells me how I am performing in this course’) was rather low compared to the
other items. This might indicate the unsuitability of this item for the perceived feedback
scale and the model’s lack of a satisfactory fit to the data.

Perceived
feedback

0.62 0.73 080 031 0.79

A 4
ST104Q01NA ST104Q02NA ST104Q03NA ST104Q04NA ST104Q05NA

Figure 1. Factor loadings of the PISA 2015 model of the perceived feedback scale.

In the next step, the equality constraints that were used for this model were progres-
sively weakened. The corresponding goodness-of-fit indices can be found in Table 3. In
each model, the relative goodness-of-fit index, the RMSEA, was again found to be too high
for an adequate fit (i.e., below 0.05 for a good fit) [32].

Table 3. Results of the measurement invariance analyses.

Model x> df p CFI TLI RMSEA BIC AIC
1 (Strict) 35,134 23 0.000 0.952 0.958 0.121 2,058,502 2,058,327
2 (Scalar) 29,665 18 0.000 0.960 0.955 0.125 2,053,094 2,052,869
3 (Intercept) 29,394 14 0.000 0.960 0.943 0.142 2,052,872 2,052,605
4 (Metric) 25,052 14 0.000 0.966 0.951 0.131 2,048,530 2,048,263

To see what the implications of this possible lack of measurement invariance (as seen
in Table 3) were for the measurement model used by PISA 2015, CFAs were carried out
separately for the most individualism- and most collectivism-oriented countries. The
RMSEA was again found to be too high for both models, but with a somewhat better fit
for the most individualism-oriented countries compared to the most collectivism-oriented
countries. For the values of the goodness-of-fit indices for these models, see Table 4. This
shows that the perceived feedback scale is probably better suited to measure the frequency
of feedback in the most individualism-oriented countries.
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Table 4. Goodness-of-fit indices of the CFA.

Group of Countries x> df p CFI TLI RMSEA BIC AIC

Most collectivism-oriented 45, 5 0.000 0.955 0.910 0.170 1,013,007 1,012,864
countries
Most

individualism-oriented 10,446 5 0.000 0.975 0.949 0.138 1,035277 1,035,133
countries

Figures 2 and 3 show the factor loadings of the baseline CFA models for both the
most collectivism- and the most individualism-oriented countries. Although these loadings
appeared similar, they did differ significantly (Ax? = 10082, Adf =9 and p = 0.000).

Perceived
feedback

062 072 079 030 0.78

STI104Q01NA STI04Q02NA ST104Q03NA STI4QO4NA STI04Q05NA

Figure 2. Factor loadings in the most collectivism-oriented countries.

Perceived
feedback

661 075 080 080 0.79

Y
ST104Q01NA ST1040Q02NA STI4QO3INA ST1040Q04NA ST104Q05NA

Figure 3. Factor loadings in the most individualism-oriented countries.

Last, the modification indices indicated some possible adaptations for improving
the model (see Figure 4). These adaptations concerned additional correlations in the
measurement model of PISA 2015 between items ST104Q01NA (‘The teacher tells me how
I am performing in this course’) and ST104Q02NA (‘The teacher gives me feedback on my
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strengths in this science subject’) and between items ST104Q04NA (“The teacher tells me
how I can improve my performance’) and ST104Q05NA (‘The teacher advises me on how
to reach my learning goals’).

Perceived
feedback

0.60 073 082 0.79 0.76

k4

ST104Q01NA ST104Q02ZNA ST104Q03NA ST104Q04NA ST104Q05NA

0.09 0.08

Figure 4. Factor loadings and correlations according to the modification indices.

After adapting the measurement model of PISA 2015 in this way, the measurement
invariance analysis was conducted again for all data according to the previously used
method. After this step, the goodness-of-fit indices for the measurement invariance analysis
for the modified model were all at an appropriate level (see Table 5).

Table 5. Results of the measurement invariance analysis for the adapted model.

Model x> df p CFI TLI RMSEA BIC AIC
1 (Strict) 121,378 19 0.000 0.983 0.983 0.078 2,035,555 2,035,339
2 (Scalar) 6950 14 0.000 0.991 0.986 0.069 2,030,427 2,030,161
3 (Intercept) 6681 10 0.000 0.991 0.982 0.080 2,030,208 2,029,900
4 (Metric) 2927 10 0.000 0.996 0.992 0.053 2,026,454 2,026,147

To see whether these models significantly differ from each other, Likelihood Ratio
tests were carried out. First, model 1 was compared with model 2, and this resulted in
a significant difference: Ax? = 4342, Adf = 0, p = 0.000. Second, model 2 was compared
with model 3, and this resulted in a significant difference: Ax? = 271.55, Adf = 4, p = 0.000.
Third, model 3 was compared with model 4, and this resulted in a significant difference:
Ax? =5468.3, Adf = 5, p = 0.000. This indicates that each model is worse than the previous
one, and this indicates that the assumption of measurement invariance might not hold for
the “perceived feedback’ scale across culturally different nations.

In addition, we investigated whether the model of perceived feedback would benefit
from the adaptations that were indicated by the modification indices. After adjusting the
model of the perceived feedback scale according to the modification indices (i.e., extra
correlations between the first and second items and between the fourth and fifth items), the
SEM analyses were repeated. The SEM analyses did not show any differences between the
adjusted model and the prior model (see Table 4 for the prior model).

3.2. Model Fit and Science Achievement Scores

The next step was to assess the impact of cultural diversity for the perceived feedback
scale. We investigated the effect of grouping together culturally diverse nations based on
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the observed relationship between perceived feedback and science achievement scores.
This was performed by comparing a model in which the meaning of perceived feedback
was assumed to be the same for all participants with a model in which perceived feedback
was estimated separately for each group of countries. The results of these comparisons can
be found in Table 6.

Table 6. Correlation coefficients between perceived feedback and science achievement scores for the
two models.

Model Group of Countries Correlation Coefficient
All 32 countries (N = 247,367) N.A.
PISA 2015 measurement model Most collectivism-oriented countries (1 = 115,460) —0.10
Most individualism-oriented countries (n = 131,907) —0.13
PISA 2015 measurement Most collectivism-oriented countries (1 = 115,460) —0.10
model—estimated separately Most individualism-oriented countries (1 = 131,907) —0.13
The correlations showed significant differences, p = 0.000, between the most collectivism-
and most individualism-oriented countries, with somewhat steeper negative correlations for
the most individualism-oriented countries than the most collectivism-oriented countries. The
PISA 2015 measurement model was compared with the same model, in which the groups of
countries were estimated separately using Likelihood Ratio tests. This resulted in a significant
difference: Ax? = 154,091, Adf =61, p = 0.000. On the other hand, the goodness-of-fit indices
of both models were all of an appropriate level for the models to be used (see Table 7). For
this reason, it can be assumed that the cultural impact on the observed relationship between
the scores on the PISA 2015 perceived feedback scale and science achievement scores was
negligible, and that the first model is appropriate for the analysis of perceived feedback in
science classes.
Table 7. The goodness-of-fit indices for the SEM analyses of the relationship of perceived feedback
with science achievement scores.
Model x2 df p CFI TLI RMSEA BIC AIC
PISA 2011511 I;‘(;Z‘furemem 159,215 89 0000 0969 0963 0.092 22,988,905 22,988,587
PISA 2015 measurement
model—estimated 25,688 178 0.000 0.995 0.994 0.037 22,835,561 22,834,618
separately

4. Conclusions and Discussion

This study aimed to assess whether it is meaningful to compare perceived feedback
in the classroom as measured in PISA 2015 across culturally diverse countries, by inves-
tigating the measurement invariance of the perceived feedback scale in PISA 2015. The
analysis revealed some validity issues in the perceived feedback scale. As a result, stu-
dent responses on this scale are not fully comparable across culturally diverse nations
(i.e., research question 1a). Specifically, the analysis of the measurement invariance of this
scale showed that not all of the fit measures were at an acceptable level. This reveals that
feedback was not comparable across culturally different countries. The lack of measure-
ment invariance can explain why a negative relationship was found between perceived
feedback and student achievement (i.e., more frequent feedback is associated with lower
student achievement) [13]. Moreover, our results showed a better fit of the feedback scale
for the more individualism-oriented countries, as expected. This can likely be explained by
different foci for feedback across culturally different countries, such as the stronger focus
on the individual student in the more individualism-oriented countries. It is also important
to note that this difference can also have occurred through translation, a process that often
changes the meaning of items [37].
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The perceived feedback scale used in PISA 2015 may very well have lacked some
important aspects of feedback, which is a complex construct to measure with only five
items. This can be specifically noticed from the relatively low factor loadings of the items,
while at the same time having very high reliability, suggesting a narrow focus of the
feedback scale. This can show that the content of those items might not have measured
feedback in science classes very well. Essentially, the survey only measured the frequency
of certain types of feedback. In a more student-centred model of feedback [38], feedback is
partly given by the students themselves. For example, students can check their own work,
which results in immediate feedback. Such feedback will be difficult to discern with items
such as “The teacher tells me how I can improve my performance’. The student’s role in
feedback and other relevant forms of feedback seemed to be neglected in the perceived
feedback scale used in PISA 2015. This can explain why feedback, as measured in 2015,
was not related to improved student achievement. It might, therefore, be better to focus on
measuring feedback elements that contribute to student achievement, instead of focusing
on the frequency of various kinds of feedback. Otherwise, it might be better not to measure
feedback at all, as a limited conceptualization of feedback might lead one to draw the
conclusion that feedback has a negative impact on student achievement, whereas, in reality,
it is feedback that is only “told” to students and is not linked to learning objectives, for
example, that will not be likely to lead to enhanced student achievement [39].

Despite the lack of measurement invariance across these culturally diverse countries
(i.e., research question 1a), there was little effect on the observed relationship between
perceived feedback and science achievement scores (i.e., research question 1b). The model
in which the meaning of perceived feedback was assumed to be the same for all participants
(i.e., measurement invariant) hardly differed from the model in which perceived feedback
was estimated separately for both groups of countries. Based on the lack of measurement
invariance of the PISA 2015 perceived feedback model, we modified the measurement
model for the perceived feedback scale based on the modification indices. These indices
suggested that a correlation between the first two items of the scale and the last two
items of the scale should be included. After modifying the measurement model with
these extra correlations, improvement only occurred in the fit of the model (i.e., meeting
the assumption of measurement invariance); there was not a stronger relation between
perceived feedback and science achievement scores. This means that the perceived feedback
scale can still be used for comparisons across culturally different countries, despite the
lack of congruent meaning of the feedback construct across these countries. However, the
lack of measurement invariance does indicate that it would be advisable to be cautious in
interpreting the negative relations of perceived feedback with achievement in PISA 2015,
as the perceived feedback scale may not measure several important aspects of feedback.

4.1. Limitations

In interpreting the results of this study, it is important to take note of some debate about
the individualism—collectivism culture characterization. Some researchers [40,41] have
questioned this categorization, saying that it is too coarse-grained and does not capture the
nuances within the more collectivism- and more individualism-oriented cultures. On the
other hand, Hofstede et al. [25] were convinced of its validity, and the categorization has
helped cultural psychology to advance [42]. Another possible limitation is that the choice
of goodness-of-fit indices for the interpretation of the models was subjective; therefore,
some caution in the interpretation of the results of the models is advised.

4.2. Future Research and Practice

In order to improve the perceived feedback scale of PISA 2015, it would be desirable to
replace some of the highly similar items of the scale, as was pointed out by the modification
indices, and add some other more relevant aspects of feedback, such as peer feedback.
However, further improvement of the perceived feedback scale had not yet occurred
in the new administration of PISA in 2018 [43]. The scale was even reduced to three
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items, ST104Q02NA, ST104Q03NA and ST104Q04A, which makes the measurement of
feedback in the classroom even narrower. This also reveals the issue of a five-item scale
that seems to need two pairs of items to be correlated above and beyond the latent trait.
We therefore recommend that the scale needs to focus on measuring aspects of feedback
that have been demonstrated to contribute to student achievement. The improvement
of the scale, by including peer feedback, for example, is essential in order to adequately
measure the relevant, but complex, aspects of feedback in the classrooms of both the more
collectivism- and more individualism-oriented countries. Despite being better able to
capture the feedback through including other forms of feedback, it is important to note
that a potential drawback of replacing items is that the comparability of the scale across
countries will be reduced.

Further research could further zoom in on measuring feedback and its different types
and levels in the classroom. In addition, more research across culturally diverse nations is
needed. Findings from such research can provide much-needed insights into how aspects of
effective feedback practices across culturally diverse nations can be meaningfully captured
in PISA to inform policy recommendations across the world. This fits with the suggestion
of Bayer et al. (2016), who also mentioned that further investigation of the levels and types
of feedback across nations would be useful. For example, other large-scale datasets can
be analysed, such as the Trends in International Mathematics and Science Study (TIMSS)
context questionnaire. Currently, TIMSS measures feedback with similar items as PISA,
such as ‘My teacher tells me how to do better when I make a mistake” [44]. Measurement-
invariant scales for how students perceive feedback in classrooms are necessary to enable
meaningful cross-cultural comparisons.
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