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Abstract: Control-Value Theory (CVT) proposes that discrete emotions arise from combinations of 9 

control-value appraisals of learning activities and outcomes. Studies have supported this proposi- 10 

tion using factor analytic, and latent profile, analyses. Network analysis (NA), however, has not 11 

been widely used within the field of educational psychology or to investigate the propositions of 12 

CVT. In the present study we set out to examine how control-value appraisals related to three 13 

commonly experienced classroom emotions: enjoyment, boredom, and pride, using network anal- 14 

ysis. In addition, we included positive and negative facets of value. The sample comprised 170 15 

students (53.5% female) in the first year of secondary education who responded to survey items in 16 

a cross-sectional design. NA shows a two-dimensional graphical network of items (edges) and the 17 

relations between them (edges). In addition, statistical indices can be used to identify those nodes 18 

that show numerous or strong links to others or that bridge clusters (communities) of nodes. The 19 

NA showed that emotions and value (positive and negative) but not control cohered into distinct 20 

communities. Many, but not all edges, were in support of CVT; positive links between con- 21 

trol/positive value and enjoyment and pride, and negative links for boredom; negative links be- 22 

tween negative value and enjoyment and pride, and positive links for boredom. Three con- 23 

trol-value nodes were particular influential, that lessons are important/valuable (positively) and 24 

that work requires too much time (negatively). Interventions and classroom instructional strategies 25 

that build value/importance and reduce perceptions of time cost may be particularly effective in 26 

facilitating positive emotions and reducing negative emotions. 27 

Keywords: Achievement emotions; control-value theory; network analysis; cost; enjoyment; 28 

boredom; pride; 29 

 30 

1. Introduction 31 

Based on the Control-Value Theory (CVT) of achievement emotions [1] the present 32 

study investigates the relations between three achievement emotions in the classroom 33 

(enjoyment, boredom, and pride) and appraisals of control and value. The emotions 34 

experienced when learning are important outcomes in themselves. Educators, parents, 35 

and not least students themselves, prefer experiencing positive rather than negative 36 

emotions when learning. However, there are also important motivational, regulative, 37 

and information processing, effects of emotions that influence the quality of learning and 38 

achievement. For instance, emotions can determine the subsequent use of cognitive and 39 

metacognitive, learning strategies [2] and performance in problem-solving tasks [3]. 40 

Moreover, positive emotions can broaden ones’ thought-action repertoire leading to the 41 

acquisition of lasting personal resources including resilience, knowledge, and social 42 
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support networks [4]. Accordingly, it is of practical and substantive value to understand 43 

the networks of inter-relations between control-value appraisals and emotions. 44 

Existing studies have shown how enjoyment, boredom, and pride, among other 45 

emotions, arise from combinations of control and value appraisals [5,6,7]. These, and 46 

other, studies have almost exclusively utilized factor-analytic or latent profile analyses to 47 

understand the inter-relations between control-value appraisals and emotions. Network 48 

analysis (NA) has not been widely used in the field of educational psychology and only 49 

one study, thus far, has studied how control-value appraisals, along with other motiva- 50 

tional constructs, were related to emotions [8]. In addition, few studies have examined 51 

negative facets of value; learning activities and outcomes that are undesirable (e.g., re- 52 

quire a lot of effort). In the present study, we further understanding of control-value an- 53 

tecedents of three achievement emotions commonly experienced in the classroom 54 

through NA.  55 

1.1 Control-Value Theory 56 

Control-Value Theory is a theoretical framework that integrates antecedents of 57 

achievement emotions with the motivational, information processing, and self-regulative 58 

effects of those emotions [1,9,10]. Distal antecedents include the cultural, environmental, 59 

and social context of learning (e.g., school ethos and quality of instruction). Proximal 60 

antecedents are subjective appraisals of control and value over achievement-related ac- 61 

tivities and outcomes. The emotions elicited through distal and proximal antecedents are 62 

not mere endpoints in themselves but have critical functional importance for motivation, 63 

information processing, and self-regulation. Specifically, of the three emotions included 64 

in the present study, enjoyment reinforces task activity and pride task outcomes and 65 

would, therefore sustain high-quality motivation. Boredom, on the other hand can un- 66 

dermine motivation due the absence of incentives. Furthermore, enjoyment can help to 67 

keep cognitive resources focused on the task and promote self-regulation of learning. 68 

Boredom, in contrast, promotes teacher-regulation of learning. Consequently, enjoyment 69 

and pride can promote, whereas boredom can disrupt, learning and achievement.  70 

1.2 Control and Value Appraisals 71 

 Of particular interest to the present study are the subjective control and value ap- 72 

praisals of achievement activities and outcomes. Control appraisals include ac- 73 

tion-control expectations and action-outcome expectations. Action-control expectation is 74 

the prospective belief that one can initiate and perform an action which is similar to 75 

self-efficacy: the belief that one can successfully perform a specific action or task [11]. 76 

Action-outcome expectation is the prospective belief that actions will result in the ex- 77 

pected outcomes. Control can also include retrospective attributions of success and fail- 78 

ure to ability, oneself, effort, and so on [12,13]. 79 

Value appraisals include judgements over the intrinsic or extrinsic qualities of an 80 

activity or outcome. An activity or outcome is extrinsically valued when it is judged to 81 

contribute to the attainment of a desired outcome or goal (e.g., attain a target grade). Ac- 82 

tivities/outcomes that are intrinsically valued when they are not linked to any external 83 

contingency or contribute to a desired goal (e.g., an activity could stimulate curiosity or 84 

be perceived as interesting). Value appraisals can also be positive or negative. Activi- 85 

ties/outcomes that are desirable to perform or attain (e.g., success) are positively valued. 86 

Outcomes that are preferable to avoid (e.g., failure) or activities that are undesirable to 87 

perform (e.g., taking up too much time, or at the expense of other preferred alternates) 88 

are negatively valued.  89 
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1.3 Achievement Emotions 90 

 Achievement emotions are those experienced in relation to activities or outcomes 91 

that are judged against standards of competence [14]. Many, but not all, of the emotions 92 

experienced in relation to teaching, learning, and testing, are captured by the aforemen- 93 

tioned definition as they involve competence judgements that can made by students 94 

themselves or others (e.g., teachers or examiners). In classroom settings, however, stu- 95 

dents may also experience social, epistemic, and topic-related emotions. Notwithstand- 96 

ing a degree of overlap, these emotions can be differentiated from achievement emotions 97 

as they do not focus on standards of competence per se. Achievement emotions can also 98 

be differentiated from moods than that typically less intense and specific, but longer 99 

lasting, than emotions [15,16]. 100 

 Discrete achievement emotions can be classified according to their valence (pleasant 101 

vs unpleasant), activation (activating vs deactivating), and focus (activity vs outcome) 102 

[1,17]. In the present study we considered three achievement emotions, namely, enjoy- 103 

ment, boredom, and pride, as three of the emotions most commonly experienced in 104 

classroom settings [18]. The choice of these three emotions was determined partly by 105 

substantive concerns, to include a mixture of positive and negative, activity and outcome, 106 

and activating and deactivating emotions. In addition, to limit participant burden on 107 

relatively young participants, it was necessary to limit the number of items [19]; hence 108 

the decision to measure only three emotions (none others were measured). In the above 109 

arrangement enjoyment would be classified as a pleasant, activating, activity-focused 110 

emotion. Boredom would be classified as an unpleasant, deactivating, activity-focused 111 

emotion, and pride considered as a pleasant, activating, prospective outcome-focused 112 

emotion. 113 

1.4 Control-Value Appraisals and Enjoyment, Boredom, and Pride 114 

  According to CVT a student will enjoy a learning activity if it is judged to be in- 115 

trinsically or extrinsically useful (i.e., high value) and they are capable of performing that 116 

activity (i.e., high control). When a learning outcome is intrinsically or extrinsically val- 117 

ued (i.e., high value) and the student believes success is within their reach (i.e., high 118 

control), pride will arise. Boredom will arise when a learning activity is perceived as 119 

meaningless (i.e., the absence of value), or when task demands are judged as being too 120 

easy or too hard to ever succeed (i.e., very high or low control).  121 

Numerous studies have supported these fundamental propositions of CVT on how 122 

enjoyment, boredom, and pride, arising from control-value appraisals, using varia- 123 

ble-centred analyses based on cross-sectional or longitudinal/prospective designs in 124 

students of all ages and stages of schooling. Pekrun et al. [13], and Bieleke et al. [20], for 125 

instance, showed that control and value appraisals were positively related to enjoyment 126 

and pride, and negatively related to boredom, in samples of university students. The 127 

same pattern of correlations was shown for students in secondary education [21]. In 128 

samples of primary/elementary school students the expected pattern of relations has 129 

been shown for enjoyment and boredom [22,23]. Pride has yet to be examined for stu- 130 

dents in primary/elementary education. Furthermore, Loderer et al. [24] confirmed posi- 131 

tive relations between enjoyment and control (r = .50) and value (r = .56) in a me- 132 

ta-analysis of 149 studies.  133 

Although fewer studies have investigated how control-value appraisals interact to 134 

elicit enjoyment and pride, these too have supported CVT. In a sample of secondary 135 

students, Bieg et al. [5] found higher value to amplify the positive relation between con- 136 

trol and pride. In university students, Goetz et al. [25] and Shao et al. [7] reported higher 137 
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value to amplify the positive relations between control and enjoyment/pride. Putwain et 138 

al. [6,26] showed higher value to amplify the positive relations between control and en- 139 

joyment in primary school students. Although not implied by CVT, control × value in- 140 

teractions for boredom were shown by Bieg et al. [5], Shao et al. [7], and Putwain et al. 141 

[26] such that boredom was maintained at higher control when combined with lower 142 

value. 143 

Person-centered analyses to examine how emotions and control-value antecedents 144 

combine in clusters or profiles have not been widely used. In a notable exception, Parker 145 

et al. [27] used latent profile analysis to identify three clusters of enjoyment and boredom 146 

with control-value appraisals. In keeping with CVT, one profile comprised high con- 147 

trol-value appraisals with high enjoyment and low boredom; the second profile com- 148 

prised low control-moderate value with moderate enjoyment and high boredom; the 149 

third profile comprised moderate control-very low value with very low enjoyment and 150 

very high boredom. 151 

1.6 Network Analysis 152 

Network analysis (NA) is another analytic approach that could be used to examine 153 

achievement emotions alongside control-value antecedents. NA is a relatively novel ap- 154 

proach that has been used in the mental health/psychopathology [28] and personality 155 

psychology [29] literatures, but not been widely used in the field of educational psy- 156 

chology. Notable exceptions from the field of educational psychology, described below, 157 

include Putwain et al. [30] and Tamura et al. [8]. NA is a variable-centred analysis that 158 

can establish how groups of items (referred to as nodes in NA) cohere as distinct com- 159 

munities, the relations between nodes (edges in the parlance of NA; typically based on 160 

semi-partial correlations), the organisation of nodes (or communities of nodes) within the 161 

entire network (i.e., the items included within a particular analysis), and whether certain 162 

edges bridge communities of items (referred to as bridge nodes). 163 

Analyses can be represented graphically and with numerical indices [31]. The 164 

graphical network is instructive in showing the two-dimensional positioning of nodes. 165 

Nodes closer to the centre of the network are more central and those further from the 166 

centre are more peripheral; nodes placed adjacently are more closely related that those 167 

further apart. Numerical indices are helpful in identifying nodes with multiple and/or 168 

strong, direct and indirect, edges to others or those than link communities [32]. NA 169 

shares some similarities with Multidimensional Scaling Analysis, that can be used to 170 

present correlations between items or constructs in a two-dimensional space such that 171 

highly correlated items/constructs are positioned more closely. NA differs be considering 172 

not only the position of nodes, but how they are directly and indirectly related, and 173 

whether specific nodes bridge communities of nodes.   174 

Putwain et al. [30] examined a network comprised of test anxiety, generalised anxi- 175 

ety, panic disorder, and school-related wellbeing, in a sample of adolescents. Nodes for 176 

the aforementioned constructs cohered into distinct communities and within test anxiety 177 

into respective cognitive and affective-physiological sub-communities. A generalised 178 

anxiety node for worry bridged communities of test anxiety, panic disorder, and the re- 179 

maining generalised anxiety disorder nodes. Two other generalised anxiety nodes (both 180 

related to worry that something bad will happen) showed multiple strong links 181 

throughout the network.  182 

Tamura et al. [8] used NA to examine relations between eight discrete emotions and 183 

control-value antecedents (along with other motivational constructs) in an experi- 184 

ence-sampling study of four post-graduate researchers. Data collection involved daily 185 
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prompts for single or two-item measures over a twelve-month period. In the study, stu- 186 

dents were also asked about the physical and psychological costs of their days’ work. 187 

Costs are analogous to the negative facet of value (i.e., high psychological and physical 188 

costs are desirable to avoid). In the emergent network boredom was closely positioned to 189 

physical and psychological costs, pride and happiness were most closely related to ex- 190 

trinsic values (i.e., the approval of others, aligning with personal values, and work obli- 191 

gations). 192 

NA can offer a complimentary study of emotions and antecedents to that of factor 193 

analysis and latent profile analysis by viewing emotions, and their antecedents, as an 194 

interconnected dynamic network. Specifically, as we have briefly demonstrated from the 195 

two brief examples, it will be possible to establish if nodes for discrete emotions and 196 

control-value antecedents cohere into distinct communities, the organization of those 197 

communities in a two-dimensional network, which nodes show stronger and more nu- 198 

merous links to others, and if specific nodes are bridging communities.  199 

1.7 Aim of the Present Study 200 

 In the present study we sought to examine what we believe to be the first NA of 201 

three commonly experienced emotions, namely enjoyment, boredom, and pride, along- 202 

side control-value antecedents. In doing so we include a measure of effort cost, as an in- 203 

dicator of negative value, alongside a measure of combined intrinsic/extrinsic (positive) 204 

value. With some notable exceptions (e.g., Tamura et al., [8]), few studies have examined 205 

negative value as an antecedent of achievement emotions. Based on CVT we offer the 206 

following hypotheses: 207 

Hypothesis 1: Nodes of enjoyment, boredom, and pride, and control, positive value, 208 

and negative value (cost) will cohere into distinct communities. 209 

Hypothesis 2: Control and (positive) value will show positive edges with enjoyment 210 

and pride; cost (negative value) will show negative edges with enjoyment and pride 211 

Control and (positive) value will show negative edges with boredom; cost (negative 212 

value) will show positive edges with boredom. 213 

Hypothesis 3: The graphical network will show positive emotions (enjoyment and 214 

pride) and expectancy and value positioned contiguously. 215 

 We leave as an open research question which specific node(s) show(s) the strongest 216 

and most numerous edges, and which nodes are bridges. 217 

2. Materials and Methods 218 

2.1 Participants and Procedure 219 

The participants comprised 170 Year 7 students (the first year of secondary educa- 220 

tion) with a mean age of 11.2 years (SD = .40) from a single English secondary school. 221 

Seventy-one participants identified as male and 91 as female; one indicated their gender 222 

as ‘other’ and seven declined to answer. Sixty participants (35.3%) were eligible for free 223 

school meals (FSM); a proxy for a low-income household. The ethnic heritage of partici- 224 

pants was largely white Caucasian (n = 157). There were small numbers of participants 225 

from Asian (n = 1), black (n = 2), other (n = 4), and mixed heritage backgrounds (n = 7). In 226 

English secondary schools for 2021-22 (the school year that data were collected), 18.9% of 227 

students were eligible for FSM and 66.9% were from a white Caucasian background [33]. 228 
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Accordingly, the present sample was more ethnicity homogenous, and economically 229 

deprived, than was nationally typical.  230 

The participating school was involved in an ongoing project to evaluate the effec- 231 

tiveness of a thematic curriculum used in Year 7 called ‘Our Place in the Universe’ (or 232 

‘Our Place’ for short). The ‘Our Place’ curriculum combined geography, history, English 233 

literature, and science, together in a single lesson, by linking the discrete subjects to the 234 

local social, historical, and geopolitical context. The project was approved by the institu- 235 

tional research ethics committee of the first author (20EDN016) and students were invited 236 

to participate in the present survey as part of the ‘Our Place’ project. Written permission 237 

was provided by the Head Teacher of the participating school, parents provided opt-out 238 

consent, and individual students provided written consent at the point of data collection. 239 

Data collection was conducted in a single wave during one of the ‘Our Place’ lessons by 240 

the regular teacher following a standardized script. Participants were provided with a 241 

URL that linked to an online survey platform that contained survey questions. If partic- 242 

ipants attempted to submit their survey with one or more missing answers, they were 243 

prompted to complete the missing question, hence there were no missing data. The sur- 244 

vey took approximately ten minutes to complete.  245 

2.2 Measures 246 

 Participants responded to all items on a 5-point scale of 1 = Strongly Disagree, 3 = 247 

Neither, and 5 = Strongly Agree. All items were responded to in the context of ‘Our Place’ 248 

lessons and work. All items are listed in Table S1. 249 

Control-value appraisals were measured using the 10-item Expectancy-Value-Cost 250 

Scale [34] designed for use with students in early secondary education. Items were 251 

adapted to refer to ‘Our Place’ and match the common parlance of English education 252 

(e.g., ‘class’ changed to ‘lesson’). Control was measured using the three-item expectancy 253 

subscale (e.g., “I believe that I can be successful in the work we do about Our Place in the 254 

Universe”). Positive value was measured using the three-item subjective task value sub- 255 

scale (e.g.., “I think the lessons about Our Place in the Universe are useful”). Negative 256 

value was measured using the four-item cost subscale (e.g., “The work we do in lessons 257 

about Our Place in the Universe requires too much time”). This scale has shown construct 258 

validity, internal consistency, and gender and longitudinal invariance, in a previous 259 

study [33]. The internal consistencies were largely good (see Table 1). 260 

 Achievement emotions were measured using the class-related enjoyment, boredom, 261 

and pride, scales from Achievement Emotions Questionnaire for Pre-Adolescents 262 

(AEQ-PA [21]). Each scale comprises 4 items each which were made specific to ‘Our 263 

Place’. Exemplar items include “I enjoy learning about Our Place in the Universe” (En- 264 

joyment), “I find learning about Our Place in the Universe boring” (Boredom), and “I 265 

take pride in being able to keep up with the work in the lessons when we learn about Our 266 

Place in the Universe” (Pride). AEQ-PA has shown factorial validity, internal consistency, 267 

and predictive validity, in previous studies [35,36]. In the present study internal con- 268 

sistency was good (see Table 1). 269 

2.3 Analytic Procedure 270 

The analyses proceeded in two stages. First, in order to allow for a more conven- 271 

tional variable-centred presentational of how constructs were related, and a comparison 272 

to the subsequent NA, latent bivariate correlations were estimated using a 273 

Set-Exploratory Structural Equal Model (set-ESEM) in Mplus v8.3 [37]. Set-ESEM was 274 

preferred to confirmatory factor analysis (CFA) due to the likelihood of low-level 275 
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cross-loading between expectancy, value, and cost items on the one hand, and achieve- 276 

ment emotion items on the other. A regular CFA constrains factor loadings for items on 277 

non-target items to zero which can result in lower than acceptable model fit and inflated 278 

factor correlations when low-level cross-loading to non-target factors is present in the 279 

data. ESEM combines the flexibility of Exploratory Factor Analysis (i.e., items can 280 

cross-load to non-target factors) with the parsimony of CFA (i.e., a limited, well-defined, 281 

and theoretically derived) number of factors) [38,39]. Set-ESEM allows one to group 282 

items together into blocks; items can cross-load to non-target factors within the same 283 

block but not to a separate theoretically distinct factors in another block. In the present 284 

study, we set two blocks, one for expectancy, value, and cost, items and the second for 285 

achievement emotion items. The fit of the set-ESEM was assessed using the root mean 286 

error of approximation (RMSEA), standardized root mean residual (SRMR), confirma- 287 

tory fit index (CFI), and Tucker-Lewis index (TLI). In a simulation study Hu and Bentler 288 

[40], suggested a good fitting model shows RMSEA values ≈ .06, SRMR values ≈.08, and 289 

CFI and TLI values ≈ .95.  290 

Second, the NA was performed using the “network tools” package version 1.5.0 in R 291 

v4.2.1 [41,42]. The graphical network was estimated using the Fruchterman-Reingold 292 

algorithm [43]. This is a Gaussian model based on semi-partial correlations between pairs 293 

of nodes. Such models can be problematic by presenting all edges between nodes and 294 

making it difficult to distinguish between those that are more or less meaningful. A so- 295 

lution is to apply the Least Absolute Shrinkage and Selection Operator (LASSO) to the 296 

Gaussian model [44]. The LASSO regularizes semi-partial correlations such that small 297 

edges are shrunk to zero. Although the result will be a sparser network contained fewer 298 

edges, those that remain will be authentic and more meaningful. In the graphical net- 299 

works, positive edges are represented as green, and negative edges as red, lines con- 300 

necting nodes. Stronger edges are thicker.  301 

Using the extended Bayesian Information Criterion (EBIC), a hyperparameter is 302 

used to set the threshold for a network with a greater number of possibly spurious edges 303 

(γ ≈ 0) versus a network with fewer, but stronger and more meaningful edges (γ ≈ 0.5). 304 

We opted for γ = 0.5 in the present study to estimate a robust model and edge weights 305 

estimated using a non-parametric bootstrapping procedure with 1000 draws [45]. For 306 

comparative purposes, we present both the network based on the semi-partial correla- 307 

tions as well as the LASSO estimated network.  308 

The number and strength of edges a particular node shows with others in the net- 309 

work are typically estimated through centrality indices (e.g., betweenness and closeness). 310 

These statistics are only appropriate when a network contains only edges in the same 311 

direction. When a network contains a mixture of positive and negative edges, as was the 312 

expected case with ours, commonly used centrality indices can provide inaccurate esti- 313 

mates [32]. Accordingly, we used indices that do account for combinations of positive 314 

and negative edges, namely one- and two-step expected influence (IE1 and EI2) values 315 

[32]. 316 

EI1 identifies highly influential nodes (i.e., those that share multiple strong edges with 317 

others in the network) and is the sum of the edges shared with others within the network. 318 

A positive EI1 value indicates positives edges outweigh negatives and a negative EI1 319 

value indicates negative edges outweigh positives. EI2 values represent the indirect, or 320 

secondary, influence of a node through others in the network. Similarly, we used bridge 321 

indices that account for combinations of positive and negative edges, namely one- and 322 

two-step expected bridge influence values. Bridge EI1 values are the summed edges 323 

between a particular node with others within a different community. Bridges EI2 values 324 
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represent the indirect influence of a specific node to nodes in different communities via 325 

other nodes. 326 

3. Results 327 

3.1 Descriptive Statistics and Latent Bivariate Correlations 328 

Table 1 shows the descriptive statistics for items and scales for expectancy, (posi- 329 

tive) value, cost (negative value), and enjoyment, pride, and boredom. Negatively 330 

skewed, and leptokurtic distributions, were shown by expectancy items and the subscale 331 

score, and one pride item (P4). Positively skewed distributions were shown by two cost 332 

items (C3 and C4) and two boredom items (B2 and B4). All other items and subscale 333 

scores showed skewness and kurtosis within ±1. Internal consistency estimates were 334 

good (McDonald’s ω ≥ .83) with the exception of cost (McDonald’s ω =.69). 335 

Table 1 336 

Descriptive Data for Study Variables and Items 337 

 338 

Scale/Item Mean SD McDonald’s ω Skewness Kurtosis 

      

Expectancy 12.28 2.19 .83 -1.13 2.55 

E1 4.19 0.74  -1.39 3.95 

E2 4.05 0.86  -1.30 2.63 

E3 4.05 0.91  -1.29 2.23 

Value 11.85 2.39 .86 -0.82 0.48 

V1 4.02 0.85  -0.75 0.47 

V2 3.97 0.87  -0.91 0.96 

V3 3.88 1.02  -0.96 0.63 

Cost 8.73 3.01 .69 0.47 0.48 

C1 2.47 1.02  0.49 -0.07 

C2 2.19 1.08  0.89 0.32 

C3 2.05 1.07  1.17 0.94 

C4 2.02 1.07  1.05 0.67 

Enjoyment 16.04 3.25 .88 -0.89 0.48 

J1 4.18 0.80  -0.96 0.80 

J2 3.95 0.90  -0.75 0.21 

J3 4.05 0.93  -0.91 0.49 

J4 3.83 1.00  -0.75 0.17 

Boredom 8.05 3.84 .90 0.95 0.43 

B1 2.02 0.99  0.88 0.12 

B2 2.02 1.08  1.02 0.41 

B3 2.01 1.06  0.91 0.13 

B4 2.00 1.11  1.08 0.46 

Pride 16.06 2.58 .84 -0.57 0.34 

P1 4.03 0.75  -0.48 0.01 

P2 4.01 0.82  -0.99 1.37 
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P3 4.03 0.72  -0.44 0.19 

P4 3.96 0.93  -1.05 1.47 

      

 339 

A set-ESEM, with target rotation and maximum likelihood estimation with robust 340 

standard errors to account for the skewed distribution of some items, was used to gen- 341 

erate latent bivariate correlations. This model showed a relatively good fit to the data, 342 

χ2(162) = 224.44, p <.001, RMSEA = .048, SRMR = .035, CFI = .963, TLI = .947, and coeffi- 343 

cients are reported in Table 2. Expectancy and (positive) value correlated positively with 344 

enjoyment and pride, and negative with boredom. Cost (negative value) correlated neg- 345 

atively with enjoyment and pride, and positively with boredom. 346 

Table 2 347 

Latent Bivariate Correlations Between Study Variables 348 

 349 

 1 2 3 4 5 6 

       

1. Expectancy — .36** -.47*** .48*** -.53*** .72*** 

2. Value  — -.47*** .80*** -.57*** .61*** 

3. Cost   — -.63*** .53*** -.38*** 

4. Enjoyment    — -.69*** .52*** 

5. Boredom     — -.72*** 

6. Pride      — 

       

* p <.05. ** p <.01. *** p <.001. 

 350 

3.2 Network Analysis 351 

3.2.1 Gaussian Graphical Model 352 

The network based on unregularized semi-partial correlations is shown in Panel A 353 

of Figure 1 and the LASSO estimated network, based on regularized semi-partial corre- 354 

lations, in Panel B. In comparison to Panel A, Panel B where small edges have been 355 

shrunk to zero, contains fewer edges. These are typically regarded as more meaningful, 356 

non-spurious, edges. In dense networks, such as that shown in Panel B however, there is 357 

an increased likelihood of false positive edges [46]. 358 

Given that EBIC selection has been shown to work well in retrieving network 359 

structures based on small sample sizes [47] and the application of a strong γ threshold 360 

when regularizing the semi-partial correlations, false positive edges should be almost 361 

undetectable and should not impact on the regular interpretation of the network. Only 362 

the smallest edges should be interpreted with caution as they may not be well replicable. 363 

Nonetheless, to provide a more conservative model, a thresholded EBICglasso [48] 364 

network was estimated (see Figure 2). Specifically, this imposes a thresholding rule by 365 

setting edge-weights to zero that are not larger than the threshold in both in the returned 366 

final model as well in the EBIC computation of all considered models. The thresholded 367 
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graph is sparser. This does not imply that all deleted edges are necessarily false positives; 368 

numerous are probably reflecting true edges, but these are the ones that should be in- 369 

terpreted with caution. 370 

Communities of Control-Value Antecedents and Achievement Emotions. The net- 371 

work was composed with boredom, enjoyment, and pride, nodes in the upper portion of 372 

the model (left to right), and cost and value items in lower portion of the model (left to 373 

right). Expectancy items were sandwiched between. Relatively coherent communities 374 

were shown for pride, boredom, value, and cost. For enjoyment three nodes (J1, J3, and 375 

J4: enjoyment and fun) were positioned adjacently and one node (J2: looking forward) 376 

slightly further away. J2, however, showed a strong positive edge to J4 to link with other 377 

enjoyment items. The organization of enjoyment was less coherent. Two nodes (E1 and 378 

E3: self-efficacy and confidence) were positioned close and the third node (E2: success 379 

expectations) further way via a strong positive edge to E3. 380 

Figure 1 381 

Network Based on Unregularised (Panel A) and Regularised (Panel B) Semi-Partial Correlations 382 

 383 

A  384 

 385 

B 386 

 387 
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Note. Cost items C1 to C4, value items V1 to V3, expectancy items E1 to E3, enjoyment items J1 to J4, boredom items 388 

B1 to B4, and pride items P1 to P4. Positive edges are green and negative edges are red.  389 

 390 

Figure 2 391 

Network Based on Thresholded EBICglasso Semi-Partial Correlations  392 

 393 

 394 

Note. Cost items C1 to C4, value items V1 to V3, expectancy items E1 to E3, enjoyment items J1 to J4, boredom items 395 

B1 to B4, and pride items P1 to P4. Positive edges are green and negative edges are red. 396 

 397 

3.2.2 Edges Between Control-Value Antecedents and Achievement Emotions 398 

Expectancy node E1 (self-efficacy) was positioned most closely to pride nodes and 399 

showed positive edges with P3 (pride in learning) and P4 (motivated to continue learn- 400 

ing). In addition, E1 showed a negative edge with boredom node B2 (boring topic matter) 401 

and an unexpected positive edge with B1 (boring lessons). Expectancy node E3 (confi- 402 

dence) was positioned equidistant to pride and boredom nodes. E3 showed a negative 403 

edge with boredom node B4 (prefer to do something else) and unexpectedly a negative 404 

edge with enjoyment node J1 (enjoy lessons). Expectancy node E2 (success expectations) 405 

was located between enjoyment and boredom nodes and showed positive edges with J1 406 

(enjoy lessons) and P3 (pride in learning). Unexpectedly, E2 showed a negative edge with 407 

J2 (look forward to lessons) and a positive edge with B3 (learning is boring). 408 

Value node V1 (lessons are important) showed positive edges with P3 (pride about 409 

learning) and P4 (motivated to continue learning) and, unexpectedly, a negative edge 410 

with P1 (pride in keeping up with work). V2 (lessons are valuable) showed a positive 411 

edge to J2 (look forward to lessons). The positioning of value nodes at the bottom of the 412 

network and partly separated from emotion nodes (especially boredom) by expectancy 413 

and cost nodes implies the influence of value in the network is largely indirect.  414 

Cost node C1 (work requires too much time) showed negative edges with P2 (proud 415 

of lessons contributions) and J2 (look forward to lessons) and a positive edge with B4 416 

(prefer to do something else). In addition, C4 (have to give up too much) shared a posi- 417 

tive edge with B3 (learning is boring). Unexpectedly, C1 (work requires too much time) 418 

shared a negative edge with B3 (learning is boring).  419 

420 
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Figure 3 421 

One- and Two-Step Expected Influence Statistics (Panel A) and Bridge Statistics (Panel B) 422 

 423 

A 424 

 425 

B 426 

 427 

Note. Cost items C1 to C4, value items V1 to V3, expectancy items E1 to E3, enjoyment items J1 to J4, boredom items 428 

B1 to B4, and pride items P1 to P4. Positive edges are green and negative edges are red. 429 

430 
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3.2.3 Expected Influence Statistics 431 

EI1 and EI2 statistics are shown in Figure 3. V2 (lessons are valuable) showed the 432 

strongest influence (i.e., number and strength of connections) throughout the network. 433 

Other nodes with a strong positive influence were E3 (confidence), J4 (learning is fun), P3 434 

(proud of what I have learnt), and P4 (motivated to continue learning). The influence of 435 

V1 (lessons are important) was more strongly indirect (EI2 values > 1.5; EI1 values > 1). 436 

C1 (work requires too much time), J3 (enjoy learning), and B4 (prefer to do something 437 

else), were the nodes with the strongest negative influence. In addition, C2 (not enough 438 

time because of other activities) and B2 (boring topic) showed an influence than was 439 

more strongly indirect (EI2 values > -1; EI1 values > -0.5).  440 

3.2.4 Bridge Expected Influence Statistics 441 

Bridge EI1 and EI2 statistics are also shown in Figure 3. The strongest positive 442 

bridge nodes were V1 (lessons are important), V2 (lessons are valuable), P1 (keeping up 443 

with work), P4 (motivated to continue learning), and to a lesser extent P3 (proud of 444 

learning). The strongest negative bridge nodes were J2 (look forward to lessons) and to a 445 

lesser extend J3 (enjoy learning), and all four boredom nodes (B1: lessons are boring, B2: 446 

topic is boring, B3: learning is boring, and B4: prefer to do something else). B1 and B3 had 447 

a greater indirect, than direct, influence. When considered alongside the visual network 448 

and EI1/EI2 indices, communities of value and pride appear to be bridged by V1 and P4. 449 

Similarly, J3 and B4 bridged communities of enjoyment and boredom, J2 and V2 bridged 450 

communities of enjoyment and value, and P3 and B2 bridged communities of pride and 451 

boredom. 452 

4. Discussion 453 

The aim of the present study was to examine relations between control-value ante- 454 

cedents and three achievement emotions, namely, enjoyment, boredom, and pride. Using 455 

a traditional, factor analytic approach, control appraisals and (positive) value related 456 

positively with enjoyment and pride, and negatively with boredom; cost (negative value) 457 

related negatively with enjoyment and pride, and positively with boredom. Using a 458 

novel network analysis, coherent communities of nodes were shown for enjoyment, 459 

boredom, pride, (positive) value, and cost (negative value); less so for control nodes. 460 

Many, but not all, of the edges between control-value appraisals and achievement emo- 461 

tions were as expected, and mirrored those of the bivariate correlations. A value node 462 

showed the strongest positive, and a cost node the strongest negative, influence (i.e., 463 

number and strength of edges) in the network. In addition, specific nodes were identified 464 

that bridged communities of value and pride, value and enjoyment, enjoyment and 465 

boredom, and pride and boredom. 466 

4.1 Organization of the Network 467 

 As expected, control-value appraisals were positioned in one part of the 468 

two-dimensional network towards the mid to lower portion of the graphical network, 469 

and achievement emotions in the upper portion of the graphical network. Thus, con- 470 

trol-value appraisals, and achievement emotions form connected but distinct regions of 471 

the network in keeping with their differential foci. The architecture of the graphical 472 

network, therefore, supports a fundamental proposition of CVT that emotions and con- 473 

trol-value appraisals represent separable, but related, constructs [1,9,10]. Control-value 474 

appraisals are considered within CVT to be proximal antecedents of emotions (albeit 475 

linked via reciprocal causation). Although our findings do not speak to control-value 476 
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appraisals specifically as antecedents, they do show how appraisals and emotions 477 

grouped together as would be expected in CVT. 478 

Furthermore, within the upper portion of the model enjoyment, boredom, and 479 

pride, formed distinct communities of nodes. These were positioned such that enjoyment 480 

nodes were central with boredom nodes to the left and pride to the right. The adjacent 481 

position of enjoyment and pride nodes, with mainly positive edges, reflects their simi- 482 

larity, theorized in CVT, activating positive emotions [1,14]. The adjacent position of en- 483 

joyment and boredom reflect their similarity, theorized in CVT, as activity-related 484 

achievement emotions [1,14]. The separated position of boredom and pride, and the, 485 

mainly, negative edges connecting them, reflects their difference, theorized in CVT, along 486 

dimensions of valence (boredom is negative and pride is positive) and activation (bore- 487 

dom is deactivating and pride is activating) [1,14]. The graphical network representation 488 

of enjoyment, boredom, and pride, provides novel support for the classification of 489 

achievement emotions as proposed in CVT [1,9,10] and a provides a complimentary ap- 490 

proach to that of factor analysis [18,21]. 491 

Within the mid-lower portion of the graphical network, (positive) value and cost 492 

(negative value) were positioned as adjacent communities of nodes. This contiguous po- 493 

sitioning represents their different facets, theorized in CVT, of value [10]. If cost (negative 494 

value) and (positive) value nodes were intermingled, this would indicate positive and 495 

negative facets of value being, to use an English idiom, two sides of the same coin, rather 496 

than distinct constructs.  497 

Control nodes were positioned centrally in the network above the value and cost 498 

nodes and below the achievement emotions nodes. On one hand, expectancy showed no 499 

greater relevance to value than cost; on the other hand, expectancy did not cohere as a 500 

distinct community. Two items (E1: self-efficacy and E3: confidence) were positioned to 501 

the right, separating value and pride, the third item (E2: success expectations) positioned 502 

to the right separating cost and boredom. The lack of a coherent control community may 503 

reflect different facets of control. Self-efficacy and confidence represent action-control 504 

beliefs whereas expectations of success represent action-outcome expectations [49]. 505 

The position of node E2 (success expectations), closer to nodes for boredom, en- 506 

joyment, and cost, may imply a greater relevance of action-outcome beliefs to negative 507 

facets of value and boredom. The positionality of nodes E1 (self-efficacy) and E3 (confi- 508 

dence) may imply a greater relevance of action-control beliefs, surrounded by enjoyment, 509 

value, cost, and pride, may imply a greater relevance to positive facets of value and pride. 510 

Action-control beliefs and action-outcome beliefs were of equal relevance to enjoyment. 511 

All things being equal, it might be expected for action-outcome expectations to show 512 

greater relevance for outcome-related emotions and for action-control-beliefs to show a 513 

greater relevance for achievement-related emotions. The graphical network, however, 514 

showed the opposite. Empirical research into CVT has not, thus far, considered such 515 

propositions. 516 

Tamura et al. [8] is the only study, thus far, to have included emotions and con- 517 

trol-value appraisals in a network analysis. As with our study, boredom was located 518 

closer to cost (negative value) and pride and happiness to (positive) values. In summary 519 

we have strong, but not unequivocal, support for Hypotheses 1 and 3.  520 

4.2 Relations Between Control-Value Appraisals and Achievement Emotions 521 

CVT predicts that enjoyment is predicted from high control and (positive) value and 522 

low cost (negative value) [1,9,10]. In support of this proposition, we found positive edges 523 
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between success expectations (E2) and enjoying lessons (E1) and between valuing lessons 524 

(V2) and looking forward to lessons (J2). These findings support existing studies that 525 

show, using correlation and regression analysis, that high control and (positive) value 526 

appraisals predict enjoyment [13,20]. In addition, work requiring too much time (C1) 527 

shared a negative edge with looking forward to lessons (J2). V2 and C1 were also two of 528 

the most influential nodes within the network. Tamura et al.’s NA showed no edges 529 

between happiness (the closest emotion to that of enjoyment) and cost (negative value) 530 

and indirect edges with expectancy and (positive) cost via curiosity [8]. While the find- 531 

ings of the NA in the present study are more consistent with CVT, it should be noted that 532 

measures of achievement emotions and control-value antecedents align more closely 533 

with CVT and may, therefore, not be unexpected.  534 

However, we also found some unexpected edges that run contrary to the expecta- 535 

tions of CVT. Confidence (E3) shared a negative edge with enjoying lessons (J1) and 536 

success expectations (E2) shared a negative edge with looking forward to lessons (J2). 537 

These findings may, in part, reflect an element of statistical suppression arising from 538 

semi-partial correlations with many interrelated variables. In support of this interpreta- 539 

tion, bivariate correlations between these unexpected edges were in the expected direc- 540 

tion (see Table S1). 541 

 In CVT, boredom is predicted from low (positive value) value, high cost (negative 542 

value) and very low or high control [1,9.10]. As with enjoyment, some edges offered clear 543 

support for CVT. Negative edges were shown between E1 (self-efficacy) and B2 (boring 544 

topic matter) and E3 (confidence) and B4 (prefer to do something else); positive edges 545 

were shared between C1 (work requires too much time) and B4 (prefer to do something 546 

else) and C4 (have to give up too much) and B3 (learning is boring). Existing studies have 547 

shown negative relations between control and boredom, and between (positive) value 548 

and boredom [5,6]. In Tamura et al.’s NA, boredom showed no edges with control-value 549 

appraisals [8]. Findings of the present study, therefore, are not only novel, but offer 550 

stronger support for CVT.  551 

However, there were also positive edges between E1 (self-efficacy) and B1 (boring 552 

lessons) and E2 (success expectations) and B3 (learning is boring). Although it is possible 553 

these edges are consistent with CVT (i.e., high control can be associated with boredom) it 554 

seems unlikely for the present data given the aforementioned negative edges shared 555 

between E1 and B2 and between E3 and B4. There was also a negative edge between C1 556 

(work requires too much time) and B3 (learning is boring) that runs contrary to CVT. 557 

While it is possible that not all forms of cost are negative, this again seems unlikely for 558 

the present data given the positive edges shared between C1 and B4 and C4 and B3. It 559 

would seem likely that statistical suppression may be the culprit (see Table S1: bivariate 560 

correlations were as expected). 561 

 In CVT, pride is elicited from high appraisals of high control and (positive) value 562 

and low cost (negative value) [1,9,10]. In line with this prediction, positive edges were 563 

shown between E1 (self-efficacy) and P3 (pride in learning) and P4 (motivation to con- 564 

tinue learning), and E2 (success expectations) and P3 (pride in learning). Furthermore, 565 

positive edges were shared between V1 (lessons are important), P3 (pride about learn- 566 

ing), and P4 (motivated to continue learning); a negative edge was shared between C1 567 

(work requires too much time) and P2 (proud of lessons contributions). These links are 568 

consistent with studies showing positive relations between control and pride, and (posi- 569 

tive) value and pride [5,7]. Pride showed only an indirect link with (positive) value and 570 

expectancy, and was unrelated to cost (negative value) in Tamura et al. [8]. As with en- 571 

joyment and boredom, the findings for pride offer stronger novel support for CVT. 572 
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There was just one unexpected edge for pride; V1 (lessons are important) shared a nega- 573 

tive edge with P1 (pride in keeping up with work). Given the positive edges between V1, 574 

P3 and P4, the negative V1-P1 edge seems anomalous and again, a possible case of sta- 575 

tistical suppression (Table S1 in the Supplementary Materials) shows the bivariate V1-P1 576 

correlations was positive as expected). In summary, support for Hypothesis 2 was 577 

equivocal. Some edges were in line with CVT predictions and consistent with extant 578 

studies. Other edges were not which we speculate are a feature of statistical suppression. 579 

4.3 Limitations and Directions for Future Research 580 

 We have utilized, in the present study, a novel form of analysis to examine relations 581 

between achievement emotions and control-value appraisals which compliments that of 582 

traditional factor analytic and latent profiles analyses. In addition, we included a nega- 583 

tive facet of value (effort cost). Nonetheless, there are three limitations of the study to 584 

note. First, was the relatively narrow range of constructs that we included. Only three 585 

achievement emotions were included of a possible twelve [17], a combined value scale 586 

that did not differentiate extrinsic and intrinsic forms of value, just one type of negative 587 

value (effort cost), and measure of control that comprised two action-control items and 588 

one action-expectancy outcome). Of course, there are good reasons for wanting to keep 589 

participant burden low, and minimize the number of items to be completed, especially in 590 

those that are younger [19]. Nonetheless, future studies may wish to consider more 591 

elaborate networks by considering a wider range of achievement emotions along with 592 

different facets of control and combinations of intrinsic/extrinsic and positive/negative 593 

values.  594 

 Second, as with any cross-sectional design, we cannot infer directionality from the 595 

present analyses. Edges in NA can be directional or non-directional and future studies 596 

may wish to use prospective or longitudinal studies to examine control-value appraisals 597 

as predictive antecedents of achievement emotions, specifically as hypothesized in CVT. 598 

Nonetheless, as a starting point for using NA with control-value appraisals and 599 

achievement emotions, we believe our study offers a useful starting point. We hope that 600 

other studies can use present findings as a springboard for NA in more sophisticated 601 

designs. 602 

Third, our interpretation of edges was hampered, to a degree, by what we have in- 603 

terpreted as statistical suppression. This may be inevitable if using multi-item measures 604 

of highly inter-related constructs resulting in dense networks. One option, therefore, 605 

might be to consider using single item measures of constructs. Single-item measures are 606 

more common in experience-sampling methodologies designed for within-person anal- 607 

yses (like Tamura et al. [8]), than with between-person forms of analysis. However, given 608 

that single-item measures do not necessarily have low reliability [51], it may be a practi- 609 

cal alternative for the highly related networks of control-value appraisals and emotions. 610 

4.4 Practical Implications of the Findings 611 

 Despite the potential difficulties arising from using multi-item measures in NA, one 612 

advantage is in identifying those items that are particularly influential within the net- 613 

work. Such items may be beneficial practically, for intervention or informing classroom 614 

practice. Commonly suggested applications of CVT include interventions and instruc- 615 

tional strategies designed to enhance positive emotion and reduce negative emotion 616 

through strengthening control and positive value appraisals [52,53]. In this respect, 617 

identifying influential nodes in an interconnected network of control-value appraisals 618 

and emotions could be assistive in suggesting foci for intervention or instructional 619 

strategy. In the present study, the most influential nodes for control-value appraisals 620 
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were V1 (lessons are important), V2 (lessons are valuable) and C1 (work requires too 621 

much time). Enhancing the importance and positive value of learning while reducing 622 

perceptions of time/effort costs (which may go conjointly with enhancing value), would 623 

likely boost enjoyment and pride, and reduce boredom. Strategies to strengthen control 624 

[54] and (positive) value [55] are relatively well established. There are fewer examples of 625 

cost reduction interventions [56].  626 

5. Conclusions 627 

Enjoyment, boredom, and pride, nodes clustered together as would be expected for in- 628 

dicators of discrete emotions. Nodes for positive and negative facets of value also clus- 629 

tered together, indicating their status as distinct, but related aspects of value. Control 630 

nodes did not cluster together so coherently, possibly due to the mixture of action-control 631 

and action-outcome beliefs included in the expectancy subscale. Many edges to link 632 

control-value appraisals and achievement emotions were as expected and supported the 633 

propositions of CVT. Those that did not were likely cases of statistical suppression (when 634 

compared to bivariate correlations) and may reflect a drawback of using NA with 635 

densely interconnected nodes. Nonetheless, two (positive) value and one (cost), items 636 

were influential in the network and may provide useful foci for intervention and in- 637 

structional design.   638 
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