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Abstract 

Background and Methods: The present study examined gender gap in PISA Reading and mediators of the gender gap in a Finnish sample (n = 1,309). We examined whether the gender gap in PISA Reading performance can be understood via the effects of reading fluency, achievement behavior (mastery orientation and task-avoidant behavior), or the amount of time spent with leisure reading and homework. 
Results: Girls outperformed boys in all measures except for achievement behavior. The models explaining PISA Reading were not different: For boys and girls, reading fluency, mastery orientation, leisure book reading and homework explained the variance in PISA Reading scores. The gender effect on PISA Reading was, however, for the most part mediated by differences in reading fluency. 
Conclusions: These findings suggest that while mastery orientation, homework activity and leisure book reading are concurrent predictors of PISA Reading over and above reading fluency they do not explain gender difference. 
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Highlights

What is already known about this topic
• Despite the influence of PISA reading assessments on educational policy globally, research on PISA Reading including external measures in scarce. 
• There is a gender gap in PISA Reading in favor of girls

What this paper adds
• Examination of reading fluency, achievement behavior, leisure reading, and homework activity as explanations for gender gap in PISA Reading. 
• PISA Reading had similar concurrent predictors among boys and girls: reading fluency, mastery orientation, homework activity, and leisure book reading 
• Gender gap was not large and it was explained for the most part by reading fluency

Implications for theory, policy or practice
• For both boys and girls, differences in basic reading fluency continue to be an important predictor of more functional reading skill (PISA Reading) at adolescence. Additional support for those who struggle with slow reading is needed also after early grade levels.
• Although gender gap was not strongly explained by mastery orientation, homework or leisure reading, they were linked to PISA Reading over and above reading fluency among both boys and girls. Therefore they can be important targets of support via which adolescent functional reading skills are improved. 


Why Do Boys and Girls Perform Differently on PISA Reading in Finland? 
The Effects of Reading Fluency, Achievement Behavior, Leisure Reading, and Homework Activity
Gender differences in favor of girls in reading have raised concern over the last few decades. Girls’ advantages in reading, spelling, and writing have been reported in many studies (e.g., Berninger, Nielson, Abbott, Wijsman, & Raskind, 2008; Clinton et al., 2014; Quinn & Wagner, 2013; Rajchert, Zultak, & Smulczyk, 2014; Voyer & Voyer, 2014), including large-scale international studies, for example, the Reading Literacy Study of the International Association for the Evaluation of Educational Achievement (IEA; Elley, 1992), the Progress in International Reading Literacy Study (PIRLS; e.g., Mullis, Martin, Foy, & Drucker, 2012; Mullis, Martin, Kennedy, & Foy, 2007), and the Program for International Student Assessment (PISA; Stoet & Geary, 2013, 2015). Boys are also more often identified as reading impaired in many studies (see e.g. Quinn & Wagner, 2013). Despite the widespread concern over boys’ lag in reading, the debate on the size and reasons underlying the gap continues (e.g., Hyde, 2014; Watson, Kehler, & Martino, 2010; White, 2007). Not all studies show clear or practically meaningful gender differences in reading (e.g., Hyde & Linn, 1988; McGeown, Goodwin, Henderson, & Wright, 2012; White, 2007; Voyer & Voyer, 2014) or in frequency of reading difficulty (e.g., Jimenez et al., 2011; Moll, Kunze, Neuhoff, Bruder, & Schulte-Körne, 2014). 
Mixed findings in previous studies regarding the size of gender differences in language and literacy skills may reflect differences in cultures, age of participants, and measures used. The size of the gender gap in reading varies across countries (e.g., Chiu & McBride-Chang, 2006; Organization for Economic Cooperation and Development [OECD], 2010a). Gender differences in reading also seem to be somewhat larger in adolescent samples than in younger samples (Mullis, Martin, Foy, & Drucker, 2012; OECD, 2013). Finally, the gender gap varies as a function of the measures of reading used (e.g., Lie, Linnakylä, & Roe, 2003; Quinn & Wagner, 2013; Roe & Taube, 2003). For example, Roe and Taube’s (2003) study indicated that on PISA Reading, boys are closer to the level of girls in tasks that required retrieving information than in tasks that required evaluating and reflecting on the given material. In addition, the requirement to write down the answer instead of responding to multiple-choice questions may play a role because more boys than girls show spelling and writing deficits (Berninger et al., 2008; Moll et al., 2014). 
The present study focuses on the reasons underlying the gender gap on PISA Reading in a Finnish sample of adolescents, among whom a gender gap has been reported to be among the largest of all countries that participate in PISA. The PISA Reading tasks tap comprehension of written material but also involve reflecting on and using written material from real-world-like contexts. The tasks are designed to measure the extent to which 15-year-olds’ reading skills and knowledge coincide with the requirements of the modern world. PISA Reading involves the ability to “understand, use and reflect on texts as well as engagement in reading that is needed in today’s knowledge-society in future studies, in work life and in everyday life as an active citizen” (OECD, 2010c, p. 37). The PISA Reading test tasks explicitly aim to assess skills that go beyond retrieving facts from text passages. The tasks require interpreting and evaluating written information presented in texts, graphs, and tables. Despite the test’s widely accepted stature and influence on the global educational debate and policy making, empirical research on the PISA Reading test that includes external measures is scarce (see, however, Arnbak, 2012; Artelt, Schiefele, & Schneider, 2001; Rajchert et al., 2014). 
Several potential reasons for the gender differences in reading have been suggested from the level of society, culture, or school environments and from pedagogical approaches that allegedly favor girls (e.g., Stoet & Geary, 2013). In addition, various theoretical frameworks have been adopted (Hyde, 2014), including evolutionary theories, cognitive social learning theory, sociocultural theory, and motivational theories such as expectancy-value theory. Boy–girl differences in reading frequency, interest in, enjoyment of, and attitude toward reading have been frequent explanations for boy–girl differences in reading performance. For example, an OECD (2010a, p. 99) report stated, “The large gender gap in reading is not a mystery: it can be attributed to differences that have been identified in the attitudes and behaviours of boys and girls.” This motivational explanation is based on frequent findings that boys read for pleasure less than girls (e.g., Artelt et al., 2013; OECD, 2010d; Wigfield et al., 2013) and findings that poor readers, on average, read less and are less interested in reading than skilled readers (see e.g. a recent review by Mol & Bus, 2011). In addition, Chiu and McBride-Chang (2006) showed that reading enjoyment mediated 42% of the gender effect on reading comprehension. The link between reading motivation and reading performance might come about because frequent reading provides self-generated opportunities to practice reading skills (e.g., Wigfield & Guthrie, 2000). Similarly, it has been suggested that homework could be a reason for the gender gap in academic skills since girls spend more time doing homework (e.g., Gershenson & Holt, 2015). If one invests time and effort in homework, one may gain content knowledge, knowledge of structures of text, and vocabulary that are assets in reading comprehension. 
Interpreting the findings of gender differences and the correlations between reading skills and reading motivation measures as evidence of a causal effect from reading motivation to reading skill is problematic, however. Children enter school with different skills and face different challenges when acquiring reading skills. Children who will develop reading difficulties show a wide range of language and literacy-related problems years before they enter school (e.g., Elbro, Borstrøm, & Petersen, 1998; Gallagher, Frith, & Snowling, 2000; Scarborough, 1990; Torppa, Lyytinen, Erskine, Eklund, & Lyytinen, 2010). Furthermore, there is strong evidence that reading difficulties run in families and family risk is mainly attributable to genetic factors (e.g., Hallgren, 1950; Olson & Byrne, 2005; Swagerman et al., in press). Therefore, gender difference in reading is likely explained by different cognitive vulnerabilities, as suggested by Quinn and Wagner (2013). Studies have shown that gender differences in favor of girls exist also in many reading-related cognitive abilities, but the effect sizes have typically been quite small (e.g., Hyde, 2014; Lange, Euler, & Zaretsky, 2016; Palejwala & Fine, 2015; van de Sluis et al., 2006). Of the cognitive abilities, processing speed seems to show a robust and stable gender difference in favor of girls (e.g., Irwing, 2012; Keith et al., 2011; Palejwala & Fine, 2015) and has been suggested to contribute to gender differences in reading development (Palejwala & Fine, 2015). 
Another intriguing domain that can be expected to be linked to PISA Reading performance is achievement behavior: the tendency or willingness to complete difficult tasks as opposed to the tendency to avoid or give up when confronting difficult tasks (e.g., Guthrie & Klauda, 2015; Park, 2011; Schiefele, Schaffner, Möller, & Wigfield, 2012). Achievement behavior presumably reflects inner motivational processes (e.g., self-concept of ability and task-value beliefs) that energize and direct behavior (see Eccles & Wang, 2012; Guthrie & Klauda, 2015; Reeve, 2012; Skinner & Pitzer, 2012). In reading tests, particularly reading comprehension tasks and PISA Reading, participants are required to engage in challenging tasks for a long period, and it is logical that achievement behavior can play a role in performance. Achievement behavior has been shown to be linked to reading (e.g., Georgiou, Manolitsis, Nurmi, & Parrila, 2010; Hirvonen, Georgiou, Lerkkanen, Aunola, & Nurmi, 2010; Stephenson, Parrila, Georgiou, & Kirby, 2008). However, evidence of links between these factors and PISA Reading performance is not yet available.
The strongest predictors of reading comprehension, and most probably of PISA Reading performance, are accurate and fluent reading as well good linguistic comprehension (e.g., Florit & Cain, 2011; Gough & Tunmer, 1986; Kirby & Savage, 2008; Stuart, Stainthorp, & Snowling, 2008). When adolescents take the PISA test (age 15), many are still slow and struggling readers (e.g., Kairaluoma, Torppa, Westerholm, Ahonen, & Aro, 2013; Rasinski et al., 2005). Eklund, Torppa, Aro, Leppänen, & Lyytinen (2015) showed that Finnish eighth graders with reading difficulties had a reading speed similar to that of average third graders. Thus, it is possible that the problems in reading fluency are linked to the students’ reading comprehension. Studies on the link between reading comprehension and fluency that extend beyond age 12 (Artelt et al., 2001; Cutting & Scarborough, 2006; Eason, Sabatini, Goldberg, Bruce, & Cutting, 2013; Rasinski et al., 2005) have shown that although the effect of reading fluency on reading comprehension seems to be smaller than in earlier grades, the effect does not cease to exist. In studies reporting on PISA Reading, basic reading skills (accuracy or fluency) are not typically included. A study by Artelt et al. (2001), however, reported that, in a sample of 6,104 15-year-old German students, reading fluency, metacognition, and the number of books at home explained 46% of PISA Reading performance. The finding on reading fluency and PISA Reading link is difficult to interpret, however, because the authors used a time-limited cloze task of reading fluency that included a strong comprehension component. The authors also did not focus on explaining gender differences.   
The Present Study
The present study examined gender differences in PISA Reading performance using a sample of Finnish adolescents in Grade 9 (ages 15–16). In addition to examining gender differences in the level of PISA performance, we also examined whether reading fluency, achievement behavior, the amount of leisure reading, and homework activity explained individual differences in PISA Reading performance similarly among boys and girls. Finally, we examined whether the gender effect on PISA Reading performance was explained by reading fluency, achievement behavior, leisure reading, or homework activity. Because it has been shown that different task types may have different links to gender (e.g., Berninger et al., 2008; Moll et al., 2014; Roe & Taube, 2003), we examined, in addition to the total PISA score, questions with different response types (multiple choice questions, questions that require written response) and questions that require different types of information processing (retrieval of facts, interpretation of the material, and evaluation and reflection of the material) separately.  
Method
Participants
The participants were 1,309 Finnish-speaking ninth graders from 95 classrooms in Finland. They were recruited as part of the Jyväskylä Longitudinal Study of Dyslexia (JLD) that has followed about 200 children since birth (Lyytinen et al., 2008). The participants in this study are the JLD follow-up children and their classmates assessed in Grade 9 (ages 15–16). All of the classrooms were typical Finnish secondary school classrooms that organize teaching according to the national curriculum. A total of 1,375 students from 142 classrooms were assessed. However, 54 JLD follow-up students were omitted from this study because their classmates were not tested, thus rendering the analysis of classroom effect impossible. Furthermore, 12 students who had a native language other than Finnish (0.9%) were also removed from the analyses. 
Measures
Testing was carried out by trained testers (university researchers or final-phase psychology graduate students) in Grade 9 classrooms from March to April 2010-2012. 
PISA Reading. The reading tasks were the PISA Reading link items used repeatedly in each cycle of the survey to ensure the comparability of the measurement (OECD, 2010b, p. 26; 2013, p. 45). In the booklet, there were eight different texts for which the students were asked to read and answer several questions. The reading materials included texts, tables, graphs, and figures. There were 15 multiple-choice questions and 16 questions that required written responses. Of the questions, 12 required students to access and retrieve information, 12 to integrate and interpret information, and 7 to reflect and evaluate information. Students had 60 min to complete the task. A total score for all PISA Reading items was calculated. Cronbach’s alpha reliability coefficients in this sample were .80 for the total score, .70 for the multiple choice questions, .77 for the written response questions, .65 for the access and retrieve questions, .72 for the integrate and interpret questions, and .53 for the reflect and evaluate questions.
Reading fluency. Reading fluency was assessed with three tasks. 
Sentence reading. The task was to read as many statements as possible in 2 min and decide if each was true by answering yes or no. The sentences were short and easy and required a minimal amount of comprehension or specialized knowledge (e.g., A ball is round or Blueberries are yellow). The measure was the number of correct answers minus the number of incorrect answers. 
Error search task. The task was to proofread words written on a sheet of paper and mark as many incorrectly spelled words (either a wrong letter, an extra letter, or a missing letter) as possible in 3 min. The measure was the number of correct answers minus the number of incorrect answers. 
Word chains. The task was to mark with a pencil as many word boundaries as possible in 90 sec. The words were written together on a sheet of paper without any spaces in between four consecutive words. The measure was the number of correctly found word boundaries minus the number of incorrect answers. Students were instructed to do all tasks as accurately and as quickly as possible. The measure for reading fluency was the mean of the standardized scores of the three group-administered tasks. Cronbach’s alpha reliability coefficient for the reading fluency composite score was .78.
Achievement behavior: Task avoidance and mastery orientation. Task-avoidant behavior and persistence were measured using the Behavioral Strategy Rating Scale (BSR; Onatsu, & Nurmi, 1995). The statements were assessed on a 5-point Likert scale (1 = not true; 5 = true). A composite score was created by computing a mean of the five items. The task avoidance measure includes five statements concerning behavior when facing difficult tasks (e.g., When facing difficulties, I have a tendency to find something else to do instead of focusing on the task at hand). Cronbach’s alpha reliability coefficient for the five items was .79. For the persistence measure, the students were asked to respond to four statements concerning their behavior when facing difficult tasks (e.g., I attempt to solve even difficult tasks). A composite score was created by computing a mean of the four items. Cronbach’s alpha reliability coefficient for the four items was .71.
Frequency of leisure reading. Students were asked to evaluate how often they read various types of printed materials with a 5-point Likert scale (1 = every day, 2 = 4–6 times a week, 3 = 1–3 times a week, 4 = less than once a week, 5 = never). There were three items: one for books, one for comics, and one for newspapers and magazines. For the analyses, the scale was transposed (i.e., 1 = never…5 = every day). Note that for leisure reading, separate measures are reported for books, magazines/newspapers, and comics because their intercorrelations were low (resulting in a Cronbach alpha of .48).
Homework time. Time spent with homework was reported by the adolescents by answering the following open-ended question: How many hours do you spend per week doing homework? The answers were recoded as 1 = half an hour or less, 2 = more than half an hour but less than an hour, 3 = more than an hour but less than 2 hours, 4 = more than 2 hours but less than 4 hours, and 5 = more than 4 hours. 
Data Analysis
In the questionnaire measures (reading self-concept, task avoidance, persistence, and leisure reading), 8% of the items were missing, and in reading fluency, 2% of the items were missing. The PISA scores had complete data as these scores were the selection criteria for the study. The reason for the missing values in the questionnaire items was not related to student characteristics but to practical limitations in data collection. When a choice had to be made due to the time limits in the participating schools, the skill assessments were preferred over questionnaire items. Similarly, the missing values in the reading fluency tasks were not systematically related to the other study variables. 
Outliers and distributions. The distributions of the composite scores approximated normal distribution. There were five outliers (very slow readers) in the reading fluency score in Grade 9 who were moved to the tail of the distribution, retaining the order of the participants. 
Analysis strategy. First, we conducted gender comparisons in each measure (Table 1). In addition to the PISA total score, we calculated scores for multiple-choice questions, questions with written response, questions that required fact retrieval, questions that required interpretation of the material, and questions that required evaluation and reflection of the material. First, the associations of PISA Reading variables and the other study variables were examined separately for boys and girls (Figures 1–6) with Mplus version 7.3. The differences in the boys’ and girls’ model estimates were examined with a multigroup procedure in which all regression paths were first set free and next constrained equal across genders. Chi-square difference testing was used to examine if the model fit deteriorated significantly after all paths were fixed to be equal. Next, mediation models for each PISA variable (total score and the subscales) were estimated. In these models, gender was entered as a dummy-coded variable, and the effect of gender on PISA performance was examined, direct effects and the mediated effects via the measures of reading fluency, task avoidance, mastery orientation, homework activity, and leisure reading of books, magazines, and comics.   
Due to the nested nature of the data (students within classrooms), the size of the effects of classroom membership (intraclass correlations, ICC) on the measures included were examined in a multilevel model. The classroom level effects were not strong, which is typical in Finland (e.g., Torppa et al., 2007; Yang, Hansen, Gustafsson, & Rosen, 2014). In the present sample, the ICCs were .10 for the PISA Reading composite, .07 for fact retrieval, .12 for interpretation, .06 for evaluation, .14 for multiple choice, and .08 for written response, .05 for reading fluency, .07 for homework, and between .01 and .04 for the leisure reading items, task avoidance, and mastery orientation measures. Because no classroom-level measures were available and because the individual-level measures were the focus of interest, the final models were estimated with the COMPLEX option in Mplus 6 (Muthén & Muthén, 1998–2010), which corrects standard errors according to the nested data structure. 
Results
Descriptive Statistics and Gender Comparisons
Table 1 reports descriptive statistics and gender comparisons. There were significant gender differences in reading fluency, PISA Reading performance, and homework activity all in favor of girls. Boys, however, reported being somewhat more mastery oriented than girls. There was no gender difference in task avoidance. Girls reported reading more books (χ2(4) = 71.50, p < .001) and magazines (χ2 (4) = 30.18, p < .001) than boys did. Boys read more comics than girls did (χ2 (4) = 80.49, p < .001). 
In addition to lower mean levels, boys also had more variability, particularly in the reading measures. Inspection of the distributions among boys and girls showed that there were more boys in the lower tail of the skill distributions. For the PISA total score, 15% of the boys (100 boys) whereas only 6.2% of the girls (44 girls) were in the lowest-performing 10th percentile. On the other way around, of the 144 children performing at or below the lowest 10% level, 70% were boys. This suggests that the risk for boys to belong to the lowest tail of PISA Reading was 2.4 times higher than that for girls. For reading fluency composite, 17.0% of the boys (106 boys) whereas only 2.4% of the girls (26 girls) were in the lowest-performing 10th percentile. This suggests that the risk for boys to belong to the lowest tail of reading fluency was 4.4 times higher than that for girls. According to the chi-square test for the cross-tabulations with gender and the dichotomous reading difficulty variables (lowest 10th percentile vs. above the 10th percentile) suggested that the gender difference was significant for the difficulty of reading fluency (χ2 (1) = 59.60, p < .001) and PISA Reading performance (χ2 (1) = 28.03, p < .001).
Gender Comparison Models: PISA Reading Performance Explained by Reading Fluency, Achievement Behavior, Leisure Reading, and Homework Activity  
The models in which each PISA Reading measure was explained by reading fluency, achievement behavior, leisure reading, and homework activity were first fitted separately for boys and for girls.  The similarity between the boys’ and girls’ models was examined by setting all regression parameters equal across the models. According to the chi-square test, the models were not statistically different for boys and girls. Therefore, the full models with boys’ and girls’ combined data are reported. Table 2 reports standardized path estimates from each explanatory variable to PISA Reading scores and the amounts of explained variance in each model. All models were saturated. The strongest predictor of PISA Reading performance in all models was reading fluency predicting 8–15% of the variance on PISA. The amount of leisure reading of books and mastery orientation added significantly to the explanation for all PISA Reading measures. Homework activity had a small but significant additional effect on the PISA total score, as well as on the subscales that measured performance in written responses, retrieval of facts, and evaluation of the material. The models explained 14–28% of the variance in the PISA Reading measures.
Mediation Models: The Effect of Gender Mediated via Reading Fluency, Achievement Behavior, Leisure Reading, and Homework Activity
Next, the effect of gender on the PISA Reading measures was examined with mediation models (see Figures 1–6). The gender effect of the PISA Reading measures was first examined without other variables. The standardized regression estimates varied between –.13 and –.20 depending on the PISA measure, indicating that between 1.7% and 4% of the variance in the PISA measures was explained by gender alone. Of the PISA total score, 4% was predicted by gender. All models were saturated. In all mediation models, gender was linked to reading fluency, homework activity, leisure book reading, and leisure comics reading. In all but the PISA evaluation subscale model (Figure 7), the effect of gender was mediated via reading fluency, leisure book reading and homework activity. In all mediation models, the majority of the indirect effect from gender to PISA Reading performance was mediated via reading fluency. 
When models were built that included only reading fluency as the mediator variable, the amount of explained variance in the PISA scores by gender dropped approximately to half (that is, 2–4%) and was no longer significant except for the PISA evaluation subscale and the PISA total score. For the PISA evaluation subscale, the standardized score for the gender effect remained significant (.14 and continued to predict an additional 2% of the PISA evaluation subscale variance). For the PISA total scale, the standardized score for the gender effect regression path remained significant albeit very small, (.08 and continued to predict an additional 0.6% of the PISA total score variance). These mediator models showed that gender effect on PISA scores was mediated via reading fluency except for evaluation sub-scale and for the total score. 
When the mediator models were fitted without reading fluency (all other mediators included), the effect of gender on all PISA measures remained significant, which was very similar to the model with only gender as the predictor. In these models the amount of explained variance by gender in all but the evaluation subscale of the PISA scores dropped 0.5–1%, and the effect remained significant for all PISA scores. For the evaluation subscale, the gender effect dropped more, 2%, but remained significant. These mediator models showed that gender effect on PISA scores was partially mediated via achievement behavior, leisure reading, or homework activity reading. Gender effect on PISA scores remained significant after inclusion of these mediators.
Discussion
The present study focused on the gender gap in PISA Reading performance in a Finnish sample. We included measures of reading fluency, leisure reading, homework activity, and achievement behavior and examined whether these factors could explain PISA Reading performance similarly among boys and girls. In addition, we examined whether the gender gap can be understood via differences in reading fluency, frequency of leisure reading, homework activity, or achievement behavior. As in many previous studies, in this sample, girls performed better in reading, reported more leisure reading, and spending more time doing homework. However, the models that explained PISA Reading performance were similar for boys and girls. For boys and girls, reading fluency, mastery orientation, and the amount of time spent on leisure book reading and homework explained PISA Reading performance significantly. The gender effect on the PISA Reading measures, except for the PISA evaluation subscale, was mainly explained by differences in reading fluency, although minor effects were also mediated via leisure reading of books and homework activity.
The finding of a gender difference in reading skills (fluency and PISA Reading) supports studies that have found gender differences in reading (e.g., Berninger et al., 2008; Clinton et al., 2014; Quinn & Wagner, 2013; Rajchek et al., 2014; Stoet & Geary, 2013). However, an examination of the effect sizes showed that the differences were at small or at medium level. For the PISA Reading interpretation subscales, retrieval of facts, and multiple-choice questions, the Cohen ds were below .30 suggesting a small effect for gender. For reading fluency, the PISA total score, and the written responses and evaluation subscales, the effects sizes were somewhat larger, supporting the findings in previous studies that reading comprehension task types that require written responses (Berninger et al., 2008; Moll et al., 2014), and evaluation of and reflection on the material (Roe & Taube, 2003) show the clearest gender differences. In the path models, gender predicted only 2–6% of the variance in the PISA measures. These findings suggest that the discussion regarding the practical relevance of boy–girl differences in reading is just (e.g., Hyde & Linn, 1988; Jimenez et al., 2011; McGeown et al., 2012; Moll et al., 2014). However, the finding that boys have a larger variance due to the large number of boys in the lowest tail of the skill distributions is also important (see also e.g. Lange et al., 2016). The risk of being among the lowest-scoring 10% on PISA was 2.4 times higher for boys than for girls. The risk of being among the lowest-scoring 10% in reading fluency was even higher, 4.4 times higher for boys than for girls. This finding corroborates previous studies that showed reading impairments are more common among boys (see e.g. Quinn & Wagner, 2013; Stoet & Geary, 2013). 
Reading fluency provided the strongest explanation for PISA Reading performance in the models for boys and girls. For all PISA Reading measures except the evaluation subscale, the effect from gender to PISA Reading was mainly mediated via reading fluency. The finding of the link between reading fluency and reading comprehension among adolescents was expected (e.g.,  Eason et al., 2013; Klauda & Guthrie, 2008; Rasinski et al., 2005; Silverman, Speece, Harring, & Ritchey, 2013) and supports the suggestion that basic reading skills explain PISA Reading performance (Arnbak, 2012; Artelt et al., 2001). This finding suggests that the basic reading skill level may restrain PISA Reading among Finnish 15-year-olds. The link may be based on cognitive load, meaning the automaticity level in reading among some students is not sufficient to lend space for comprehension processes (e.g., LaBerge & Samuels, 1974; Perfetti, 1985; Perfetti & Stafura, 2014). The finding of a 5-year lag in reading fluency level among poor readers in Grade 8 (Eklund et al., 2015) suggests that this explanation has potential. The amount of explained variance in PISA Reading performance by reading fluency was, however, only 15% or less, depending on the PISA measure in question. In addition, previous studies have shown that the explanatory power of reading fluency decreases as children grow (e.g., Florit & Cain, 2011; Torppa et al., in press). This is because the reading skill of an increasing number of children becomes automatic enough for comprehension processes, and therefore, other skills start to be more important predictors of individual differences in reading comprehension. Of such skills, language skills are the most prominent candidates (e.g., Florit & Cain, 2011; Gough & Tunmer, 1986; Kirby & Savage, 2008). In addition, common underlying factors might explain slow reading speed and poorer PISA Reading performance. The slowly reading boys might have language difficulties that explain their slow reading and PISA Reading difficulties. Unfortunately, we do not have data on cognitive skills for these adolescents and thus cannot examine the possible different cognitive basis in reading fluency and comprehension for boys and girls. 
In addition to reading difficulties, boys also reported reading fewer books and magazines and spending less time doing homework as was expected based on previous studies (e.g., Artelt et al., 2013; OECD, 2010a; Wigfield et al., 2013). Boys reported, however, that they read more comics and are more mastery oriented. The effect size for gender difference in mastery orientation was marginal, however (d = .11), and we may conclude that achievement behavior was very similar for boys and girls. For boys and girls, book reading and homework activity, as well as mastery orientation, were significant explanatory variables of PISA Reading performance over and above reading fluency. The effects were similar for boys and girls, which means that for boys and girls the adolescents who read more books, spent more time with homework, and were mastery oriented (i.e., enjoyed difficult tasks) performed better on the PISA Reading test even irrespective of their reading fluency level. These findings are in line with the suggestions and findings of previous research on the importance of leisure book reading (e.g., Mol & Bus, 2011), homework activity (e.g., Gershenson & Holt, 2015), and mastery orientation (e.g., Park, 2011; Schiefele et al., 2012; Wolters, Denton, York, and Francis, 2014). 
The finding of gender differences in leisure book reading, homework behavior, and reading skills and the similarity of the explanatory models of PISA Reading do not, however, necessarily mean that the reason for the gender difference in PISA performance is explained by these measures. Therefore, we ran additional mediation models to examine whether the effect of gender is mediated via the other study variables. These models showed that the gender effect was mainly mediated via reading fluency, book reading, and homework behavior. However, achievement behavior, leisure reading, or homework behavior alone without reading fluency did not explain the link between gender and PISA Reading performance. This suggests that the gender effect on PISA Reading performance is mainly linked to boys’ poorer basic reading fluency, and to a lesser extent to their book reading and homework habits. In other words, the reason boys are slower readers is also the main reason they perform more poorly on the PISA Reading test. The reasons boys are slower readers and poorer in PISA Reading needs further research. As discussed above, the typical answer has been the “print exposure” or motivational explanation because boys read less and their attitude toward reading is more negative (e.g., OECD, 2010a). The gender difference was not, however, strongly explained by these measures, and the reason for boys’ slower reading is also not likely their leisure reading and homework habits as the correlations were all low (between –.02 and .21). To show that leisure reading variables explain the gender difference in reading, additional studies that use a more elaborate and multifaceted assessment of print exposure and explicitly examine whether the gender difference in different reading measures can be explained with such measures are required. We also need to examine the early development of skills, reading interest, and activity longitudinally, starting before children enter school to see when the reciprocal development begins. Another possibility is that boys have more cognitive vulnerabilities for reading development that affect their reading fluency and comprehension (Quinn & Wagner, 2013). The processing speed of linguistic material is one possible candidate for such a vulnerability as it shows a robust gender gap (e.g., Irwing, 2012; Keith et al., 2011; Palejwala & Fine, 2015).
Although the present study reports the links of several potentially relevant predictors of PISA Reading performance, many were not included. Torgesen et al. (2007) identified six factors underlying proficient reading after early grades: (a) reading fluency, (b) vocabulary and knowledge of the meaning of words, (c) use of reading strategies, (d) prior knowledge of the content of the text, (e) higher-level reasoning and thinking skills, and (f) motivation and engagement. In the present study, we covered only two of these aspects: (a) reading fluency and (f) motivation and engagement. However, the gender effect was explained by the measures included, and additional measures were not needed for understanding the boy–girl difference except for the evaluation subscale. It does not exclude the possibility that for reading fluency and PISA Reading performance some of these other aspects are involved. Second, although we controlled the effect of classroom membership variation in the standard errors of the model parameters, we did not include classroom- or school-level factors. They are potentially important (Pianta, Belsky, Vandergrft, Houts, & Morrison, 2008). Third, our measures on achievement behavior were not provided specifically in the context of reading activities. Had we had reading specific achievement behavior measure, we could have shown stronger associations to reading outcomes (e.g. Becker et al., 2010; Wigfield, 1997). Fourth, our measure on the frequency of leisure reading did not include a wide range of reading materials that are typical to youth today (e.g., digital literacy activities). A measure that would have reflected reading habits of adolescents more widely (e.g., Clark, 2011) would have been better. Fifth, all analyses were based on cross-sectional data, and thus, no inferences on causal direction can be drawn based on these analyses.         
The findings of the present study suggest that the gender difference in PISA performance is mainly explained by reading fluency. However, mastery orientation, homework activity, and leisure book reading are significantly linked to different types of PISA Reading measures for boys and girls. There are still gaps in knowledge regarding the developmental paths leading to the gender difference in PISA Reading performance and reading fluency. Answers to this question are important for understanding the developmental processes linked to PISA Reading performance and for the development of good teaching and support systems for those who struggle with literacy.
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Table 1
Gender Comparison: Levene Test and t Test Results
	
	Girls (n = 707)
	
	Boys (n = 668)
	
	

	
	M
	SD
	
	M
	SD
	
	t test
	Cohen d
	Levene

	PISA Reading composite
	23.25
	5.84
	
	20.71
	6.81
	
	7.45***
	–.40
	19.78***

	Interpret
	9.34
	2.69
	
	8.66
	2.98
	
	4.48***
	–.24
	10.61**

	Evaluate
	6.25
	2.36
	
	4.97
	2.69
	
	9.38***
	–.51
	20.89***

	Retrieve
	5.88
	1.45
	
	5.48
	1.69
	
	4.73***
	–.25
	14.47***

	Multiple choice 
	8.58
	1.99
	
	8.02
	2.18
	
	4.99***
	–.27
	7.46**

	Written response
	12.89
	4.16
	
	11.10
	4.76
	
	7.44***
	–.40
	19.21***

	Reading fluencyz
	0.28
	0.90
	
	-0.31
	1.01
	
	11.12***
	–.62
	5.89*

	Error search
	58.35
	19.43
	
	48.69
	22.09
	
	7.90***
	–.46
	.54

	Word chains
	69.88
	15.77
	
	59.84
	16.97
	
	10.46***
	–.61
	5.88*

	Sentence reading
	36.94
	7.98
	
	32.59
	9.75
	
	8.68***
	–.49
	10.01**

	Task avoidance
	3.12
	0.79
	
	3.04
	0.76
	
	1.88
	–.10
	5.09*

	Mastery orientation
	2.80
	0.74
	
	2.88
	0.73
	
	–1.96*
	.11
	.63

	Homework activity (h/week)
	3.12
	1.28
	
	2.00
	1.99
	
	6.98***
	–.67
	16.70***


Note. Ns for reading fluency and questionnaire items vary between 589 and 664 for girls and 571 and 625 for boys. z = composite score of standardized items.  
* p ≤ .05, ** p ≤ .01, *** p ≤ .001.




Table 2
Standardized Path Estimates from Each Explanatory Variable to PISA Reading Scores

	
	PISA 
total score
	PISA 
multiple choice
	PISA 
written response
	PISA 
retrieve facts
	PISA 
interpret
	PISA 
evaluate

	Reading fluency
	.39***
	.31***
	.36***
	.25***
	.34***
	.34***

	Task avoidance
	.02
	.04
	.01
	.02
	.04
	.00

	Mastery orientation
	.19***
	.13***
	.20***
	.17***
	.15***
	.17***

	Homework time
	.09**
	.05
	.09**
	.07*
	.03
	.12***

	Leisure reading: books
	.17***
	.15***
	.16***
	.08*
	.15***
	.15***

	Leisure reading: magazines
	.03
	.03
	.03
	.03
	.01
	.01

	Leisure reading: comics
	.01
	.02
	.02
	.01
	.01
	.04

	R2
	.29
	.18
	.28
	.14
	.21
	.24


* p ≤ .05, ** p ≤ .01, *** p ≤ .001.
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Figure 1. Mediation model for the PISA total score.
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Figure 2. Mediation model for PISA multiple-choice questions.
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Figure 3. Mediation model for the PISA questions that required written responses.
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Figure 4. Mediation model for the PISA questions that required fact retrieval.
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Figure 5. Mediation model for the PISA questions that required interpretation of the material.
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Figure 6. Mediation model for the PISA questions that required evaluation and reflection.
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