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Chapter 5. Educational productivity in higher education 

 

Abstract 

The Walberg educational productivity model, which assumes that nine factors affect 

academic achievement, was examined with a sample of first-year students in the 

University of Groningen. These nine factors - grades, motivation, age, ability, home 

environment, support from peers, classroom environment, quality of instruction and 

quantity of instruction - were collected through the departmental administration, self-

report questionnaires, ratings questionnaires and through paper sources. A multilevel 

analysis in which eight of the factors were included showed that the model with eight 

productivity factors explained 23% of the variance found in achievement. Moreover, 

beside the variables ability and expectancy, the classroom climate, the quality of 

assessment and the quantity of instruction affected achievement. The implications of 

these results as well as some suggestions for further analysis are discussed in this 

article. 

 

5.1 Introduction 

Over the years, researchers have tried to identify those aspects that affect 

achievement, and related learning outcomes. More specifically, researchers have tried 

to identify those aspects that are alterable by policy interventions. Already in 1981, 

Walberg specified a model for educational productivity in which nine factors were 

identified as potentially alterable factors. Based on an extensive synthesis of the 

research literature, Walberg proposed a model of educational productivity which 

included nine factors that promote student learning (Benbow, Arjmand & Walberg, 

1991; Köller, Baumert, Clausen & Hosenfeld, 1999; Ma & Wang, 2001; Reynolds & 

Walberg, 1991, 1992; Sipe & Curlette, 1997; Walberg & Tsai, 1985; Walberg, Fraser 

&  Welch, 1986; Wang & Staver, 2001; Young & Reynolds, 1996).  

These nine factors were later grouped in three sets (Reynolds & Walberg, 

1992). The first set indicates a student’s aptitude-attributes and contains the student’s 

ability, which is the student’s prior achievement as measured by the usual 

standardized tests. In addition, it contains a student’s motivation or self-concept, 

which is indicated by tests that measure whether a student is willing to persevere with 

learning tasks. Finally, the first set includes a student’s developmental level, usually 

measured by a student’s chronological age or stage of maturation.  
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The second set of factors indicates the instructional aspects, which affect 

student learning and achievement, namely the quantity and quality of instruction. The 

quantity of instruction is defined as the amount of time students spent learning. The 

relationship between the amount of time spent learning and achievement is not that 

obvious, that is, more time does not automatically lead to higher achievement (Slavin, 

1995). The time spent on learning depends on the time allocated for instruction in 

combination with the actual time on task. Beside that, the time needed by the students, 

which is the result of a complex interaction between motivational aspects of 

instruction, the quality of instruction, and the appropriateness of instruction, is an 

important factor as well.  

Beside the quantity of instruction, the second set also includes the quality of 

instruction, that is, the degree to which knowledge or skills are presented to students 

in a clear way. It is assumed that the higher the quality of instruction, the more the 

information presented makes sense and the more easily it is remembered and applied 

(Slavin, 1995).  

The five factors in these first two sets are comparable to variables in models of 

Bloom, Bruner, Carroll, and Glaser and each of these factors is essential for learning 

(see Reynolds & Walberg, 1991). More importantly, none of these factors alone is 

sufficient; for example, a high level of ability is not sufficient when motivation is low 

or the quantity of instruction is low. In addition, these factors can compensate for each 

other.  

The last set of factors consists of the social psychological environment, which 

includes the educational environment, the home environment, the peer environment, 

as well as exposure to mass media. The climate of the classroom, positive stimulation 

from the home environment and support from peers affect student learning directly, 

but also indirectly through a student’s ability, motivation, and responsiveness to 

instruction. Studies in primary and secondary education have also shown that 

exposure to mass media, for example a maximum of ten hours of television viewing a 

week, is important to enhance educationally constructive activities outside the school 

learning environment (Reynolds & Walberg, 1991, 1992; Young  &  Reynolds, 1996). 

However, this last aspect might be less relevant for students in higher education.  

The educational productivity model was the starting point for at least 120 

research syntheses and the basis for many regression analyses (Ma & Wang, 2001). 

Review studies showed that this model is effective in examining the major 
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determinants of the learning process (Reynolds & Walberg, 1991; Young & Reynolds, 

1996). Reynolds and Walberg (1991) reported a review study which shows that 

approximately 91% of the correlations were in the hypothesized directions and 91% 

of the coefficients of the multiple regressions were as hypothesized. Beside that, the 

educational productivity model has been broadly validated. For example, Reynolds 

and Walberg (1991) reported the use of this model in a broad sample of primary and 

secondary students and in various areas varying from mathematics, science and social 

studies. The model was also validated with samples of students from various 

countries.  

Despite this fact, there seem to be deficiencies in the studies that examined the 

models. The majority of these models used a cross-sectional design (Köller et al. 

1999; Reynolds & Walberg, 1991). Furthermore, these models tended to ignore the 

hierarchical structure of education, which usually includes the student, the classroom, 

and the school level (Goldstein, 1997; Köller et al. 1999; Reynolds & Walberg, 1991). 

Longitudinal studies, by for example, Reynolds and Walberg (1991), which included 

longitudinal data as well as hierarchical linear modelling approaches, tended to 

overcome these deficiencies.  

There is another aspect which has remained underexamined. Even though this 

model was tested with students of various ages, and in various areas of education, 

studies on the use of this model in higher education are scarce. Over the past 20 years 

studies have mainly examined students in primary education and secondary education 

(Wang & Staver, 2001). One exception is a study by Johnson and Walberg (1989), 

which explored the educational productivity model in a community college setting. 

This study showed that prior achievement, use of out-of-school time, motivation, the 

social context of the classroom, and age have positive effects on the grade point 

average, while the quantity of instruction and the emphasis on education at home have 

negative effects on achievement.  

The present study explores the use of the Walberg educational productivity model 

with longitudinal data in higher education. It combines a multilevel model and 

multiple indicators of productivity and data from a longitudinal study at the Center for 

Research and Development in Higher Education in Groningen. The model that is 

examined stems from the Reynolds and Walberg (1992) elaborated model. In this 

model, achievement is seen as a four-phase sequence beginning with the home 

environment, followed by the student aptitude-attributes, mediated by the social 
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psychological environment and the quantity and quality of instruction. The home 

environment was expected to affect the learning process well before secondary 

education. The student-aptitude attributes motivation and ability were both expected 

to have direct effects on academic achievement. Previous studies have shown that the 

social psychological environment and the quantity and quality of instruction, serve as 

intermediating variables between the home and the student-aptitude variables on the 

one hand, and achievement on the other (Prins, 1997; Slavin, 1995).  

The question - whether the variables in the Walberg educational productivity 

model can predict achievement in higher education - is divided into the following 

research questions:  

1. What proportion of achievement variance is explained by the four phases in 

the elaborated Walberg educational productivity model, i.e. by the home 

environment, the student aptitude-attributes, the social psychological 

environment and by the quantity and quality of instruction? 

2. What are the magnitude and the direction of the relationship between the 

factors of educational productivity and achievement in higher education? 

 

5.2 Method 

Data Sample 

The longitudinal project “Effectiveness of Higher Education”  started in 1999 

at the Centre for Research and Development in Higher Education of the University of 

Groningen. The data used in this article were collected as part of this project. The 

sample analysed included 76 first-year students in a department in the Faculty of 

Mathematics and Natural Sciences and included data from six courses (N = 76, male = 

36, female = 40, mean age: 18 years and 7 months). 

 

Site 

Students in the University of Groningen usually start their university 

educational career at the age of 18 and over. The program of a department is divided 

into four years and includes one year of foundation courses and three years of 

specialization courses. The program as a whole requires at least 168 credits, which 

equals a study load of 6720 hours, to obtain a degree. The programme is based on a 

so-called “block system” in which one course is programmed for four to six weeks 

and is concluded with an assessment. The learning opportunities at this department 
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vary from lectures to tutorials and practicals in which specific skills are taught. The 

six courses under investigation, however, were comparable courses, that is, they all 

concerned introductions to basic knowledge in the form of lectures or tutorials. 

 

Variables 

Nine factors were included in the original Walberg educational productivity 

model, namely age, motivation, ability, quantity and quality of instruction, home 

environment, classroom environment, peer environment and mass media. In our 

model, this last variable was omitted. Table 5.1 shows the variables, the number of 

items, a description of the variables, and the data-collection procedure. Table 5.2 

indicates the summary statistics for the various variables. Appendices D and E 

provide more information on the items and the scales used.  

 

Outcome variables. 

The grades per course were included as a level 1 variable in this model. These 

grades per course, which varied on a scale from 1 to 10 -where 1 is a very bad grade 

and 10 is an excellent grade- were obtained through the departmental administration 

at the end of the first year. The mean grade over the courses and students was 6.23 

(SD =  1.79). 

 

Student aptitude-attribute characteristics. 

Tables 5.1 and 5.2 indicate the variables used to predict achievement after a 

year. Student’s ability was measured by the grade point average at the end of 

secondary education. The students had a mean ability of 6.85 (SD = .67). This 

variable was obtained through the departmental administration. 

Students filled in a questionnaire on their motivation at the beginning of the 

first year and their motivation near the end of the first year. This self-report 

questionnaire consisted of 76 items on student motivation and deep information 

processing. These 76 items were based on three questionnaires from the Centre for 

Study Support Groningen, namely the “Checklist Study Motivation”  (Schouwenburg 

& Stevens, 1996), the “Questionnaire for Study Problems”  (Schouwenburg, 1996), 

and the “Test for Deep Information Processing” (Schouwenburg & Schilder, 1996).  
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Table 5.1 Description of the Productivity Factors 

Productivity factor Items Description Response percentage 

Ability  - Grade point average at the end of secondary education - 

Age  - - - 

Motivation 

Expectancy 

Values 

Affect 

 

8 

9 

3 

 

Scale on self-confidence 

Scale on the intrinsic value of the task 

Scale on the fear of failure or test anxiety 

85% at t1 and 56% at t2 

Quantity 

instruction 

 Study load in terms of credits 

Number of contact hours per course 

 

Quality instruction 4 

3 

4 

1 

The quality of the content 

The quality of structure and organization 

The quality of assessment 

Instructional pace 

varies from 39% to 85% 

varies from 37% to 69% 

varies from 37% to 82% 

varies from 35% to 79% 

Home environment - Fathers’  highest educational status 

Mothers’  highest educational status 

Part-time employment at the time of the measurement 

 

Classroom climate 5 The quality of the classroom climate varies from 37% to 68% 

Support by peers 1 Support by peers  
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Based on a factor analysis with principal components analysis, varimax 

rotation and factor loadings above .40, three factors were distinguished, namely an 

expectancy factor, a value factor, and an affect factor. The first factor contained eight 

items on the students’  expectancy regarding their ability to perform a task. This scale 

had an internal reliability of �  = .80 at the first measurement and �  = .78 at the second 

measurement. Furthermore, the second factor consisted of three items on the students’ 

values regarding the study. This factor had an internal reliability of �  =.50 at the first 

and �  = .60 at the second measurement. Finally, the third factor consisted of nine 

items on a student’s affect; this scale had an internal reliability of �  = .74 at the first 

measurement and �  = .81 at the second measurement. The mean scores on 

expectancy, values and affect were 2.54 (SD = .59), 3.80 (SD =.48), 2.04 (SD =.46) at 

the first measurement and 2.51 (SD = .51), 3.74, (SD = .46) and 2.23 (SD =.54) at the 

second measurement.  

Beside these two background variables, the students’  developmental level, 

which was measured by their age, was included in the model (mean age at the first 

measurement = 18.61). 

 

Instructional aspects. 

The two variables quantity of instruction and quality of instruction were 

measured as follows. The quantity of instruction was defined as the planned number 

of contact hours per course. This varied from 30 to 80 hours per course. This variable 

measured the opportunity for learning. As mentioned before, the relationship between 

the time allocated for learning and the time engaged in learning is especially 

important in this respect. Regrettably, we did not collect data on the time engaged in 

learning. As an indication of the time a student would have to spend on the course, the 

study load per course was added to the model. The study load was measured in terms 

of credits, where 1 credit was equal to 40 hours or 1 week of studying. The courses 

varied from 2 credits to a maximum of 5 credits per course, while the mean study load 

was equal to 3.67 (SD = 1.11). 

The quality of instruction refers to the extent to which a topic is clear to a 

student and concerns aspects, such as presenting information in an organised and 

structured manner, noting transitions to new topics, using clear and understandable 

language, relating new material to the students’  background knowledge, teacher’s 

enthusiasm, media and visual representations of the concepts. We included 
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information concerning the quality of the content, the structure and organisation of the 

course, the assessment and the instructional pace. These variables each consisted of 

several items, which were collected with an evaluation questionnaire after each of the 

six courses. The variable quality of the content had an overall reliability of �  = .64, 

the quality of the structure and organization of the course had an overall reliability of 
�  = .71, the quality of assessment had an overall reliability of �  = .56. These items 

were inverted, that is, a high score implied a lower perceived quality of the content, of 

the structure and organization, and the assessment. The instructional pace indicated 

whether or not students perceived the pace as too high; a high score in this respect 

implied an appropriate instructional pace.  

The quality of instruction variables were measured at the student level. We 

decided not to aggregate the data on the quality of instruction to the course level. 

Snijders and Bosker (1999) stated that when interested in macro-micro level or micro-

level propositions, aggregation might result in errors. That is, relationships observed 

for groups, for example in our case between the mean pace and achievement, might 

not necessarily hold for individuals. 

 

Social and psychological environment. 

The social and psychological environment in the original Walberg model 

consisted of the home environment, the peer environment, and the class environment. 

In this study, the home environment was measured by both parents’  highest 

educational status. The parental educational status varied from 1 “university 

education”  to 7 “primary education”. The father’s mean highest educational status 

was 1.93 (SD = 1.63), while the mother’s mean highest educational status was 2.49 

(SD = 1.84). These data were collected through the student questionnaire mentioned 

above. Beside that, we added the variable part-time employment to the analysis. This 

variable, which indicated whether or not a student was engaged in a job, and the 

number of hours per week the student was engaged in that job, varied from 1 “no job” 

to 4 “a job for more than 16 hours per week”. The classroom environment was 

measured by the students’  attitudes to the teachers in the courses. This variable 

consisted of five items and had an overall reliability of �  = .75. The peer environment 

was measured by the experienced peer support; the scores varied from 1 “agree”  to 4 

“disagree”.  
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Model Specification and Analysis 

We analysed a model in which all factors directly affect achievement. That is, 

we specified no hypotheses among the productivity factors. The model was tested 

using a multilevel analysis, which takes the nested data structure into account (Hox, 

1995, Goldstein, 1999, Snijders & Bosker, 1999). The data consisted of a 2-level 

structure with the courses at the lowest level (N = 6) and the students at the highest 

level (N = 62). This model is in fact a model with a repeated measure structure, where 

the courses are considered as repeated measures of the same constructs.  

As in all longitudinal survey studies, the data included missing values. Four 

students had dropped out before the end of the year and were therefore excluded from 

the analysis. Beside that, only those students who had grades for at least three of the 

courses were included. This resulted in another 10 students who were excluded from 

the analysis and yielded 62 students for the analysis. The missing values of these 62 

students were imputed using the expectation-maximization method (EM, Dempster, 

Laird & Rubin, 1977). This algorithm estimates the means, the covariance matrix, and 

the correlation of quantitative variables with missing values, using an iterative 

process. To compare the effects of the variables, the variables were standardized. 

 The data were analysed using MLwiN 1.1 (Rasbash, Browne, Healy, Cameron 

& Charlton, 2000), a computer program for multi-level analysis. We used the standard 

method for estimating the parameters, namely the maximum likelihood (ML), which 

allows testing the significance of the deviance between the two models with different 

fixed parts. To determine the estimates, we used the iterative generalized least squares 

(IGLS) algorithm (Snijders & Bosker, 1999). First, the empty model, which forms the 

point of departure for further testing the models, was analysed. Second, blocks of 

variables which resemble the elaborated Reynolds and Walberg (1992) model were 

added to the empty model. As mentioned before, the Reynolds and Walberg model 

assumed a four-phase sequence of effects beginning with the home environment, 

which, according to the authors, influences the process of schooling before the middle 

school years. This is followed by the student aptitude-attributes ability and 

motivation. Ability and motivation are expected to affect academic achievement. 

Finally, the social psychological and instructional environments were added to the 

model to indicate the mediating effect of the student background, and the home 

environment variables.  
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The first block of explanatory variables included the three variables that 

indicated the home environment (model 1). The second block of variables, which was 

added to the former block, included the three variables of motivation, ability, and age 

(model 2). The third block of variables, which was added to the former two blocks, 

included peer environment, and classroom environment (model 3). The fourth block, 

which was added, included the quantity and the quality of instruction variables (model 

4). The fifth model, we examined, included a difference score to examine the effects 

of a job, motivation, and support from peers at the end of the first year. We expected 

that these variables would change during the year and would therefore have different 

effects on academic achievement. Finally, the sixth model illustrated the economic 

model in which only significant effects were included. The effects of the explanatory 

variables were individually tested by calculating their size divided by the standard 

error. Further, the differences between the models were tested by deviance tests (i.e. 

the �  2 -statistic with an alpha of .05). 

 

5.3 Results 

Table 5.2 provides the descriptive statistics for the variables. The alphas for 

the variables that consisted of one item were not included. The results referring to 

these variables must therefore be interpreted carefully. Table 5.3, which contains a 

correlation matrix after having imputed the missing values, indicates that part-time 

employment, a student’s age, ability, expectancy at the beginning of the first year (t1) 

and at the end of the first year (t2), the pace, the quality of the content, and both the 

study load and the number of contact hours were significantly associated with the 

student’s grade. 
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Table 5.2 Summary Statistics 

Variable N Level M SD Min-Max Alpha 

Grade 326 1 5.45-7.51 - - - 

Abi 60 2 6.85 .68 6-8.67 - 

Age 62 2 18.61 1.11 17-23 - 

Aff1 54 2 2.04 .46 1.22-3.11 .74 

Exp1 54 2 2.54 .59 1.50-4.13 .80 

Val1 53 2 3.80 .48 2.67-5 .50 

Aff2 36 2 2.23 .54 1.22-3.56 .81 

Exp2 36 2 2.51 .51 1.75-3.63 .78 

Val2 36 2 3.74 .46 2.33-4.33 .60 

Qua1 372 1 3.67 1.11 2-5 - 

Qua2 372 1 54.5 16.69 30-80 - 

Mat - 2 1.86-2.30 - - .64 

Stru - 2 1.75-2.33 - - .71 

Ass - 2 1.91-2.36 - - .56 

Pac - 2 2.05-3.29 - - - 

Fath 59 2 1.93 1.63 1-6 - 

Moth 57 2 2.49 1.84 1-7 - 

Job1 54 2 1.72 .76 1-3 - 

Job2 36 2 1.67 .79 1-4 - 

Class - 2 2.12-2.34 - - .75 

Supp1 55 2 2 1 1-5 - 

Supp2 36 2 1.86 .49 1-3 - 

Note. abi = ability, aff1 = affect at t1, exp1 = expectancy at t1, val1 = values at t1, aff2 = 

affect at t2, exp2 = expectancy at t2, val2 = values at t2, qua1 = study load, qua 2 = contact 

hours, con = quality of the content, stru = quality of structure and organization, ass = quality 

of assessment, pac = instructional pace, fath = highest educational status father, moth = 

highest educational status mother, job1 = part-time employment at t1, job2 = part-time 

employment at t2, class = classroom climate, supp1 = support by peers at t1, supp2 = support 

by peers at t2 
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Table 5.3 Correlation Matrix 

 Grad Fath Moth Job1 Job2 Age Abi Ex1 Va1 Af1 Ex2 Va2 Af2 Class Sup1 Sup2 Pace Cont Stru Asse Qua1 Qua2 

Grade 1.00                      

Fath -.06 1.00                     

Moth .01 .58**  1.00                    

Job 1 -.10* .32**  .34**  1.00                   

Job 2 -.04 .30**  .21**  .73** 1.00                  

Age -.15** .11* -.12* .26** .43** 1.00                 

Abi .31** -.24**  -.18**  -.29** -.25** -.43** 1.00                

Exp1 -.11* .10 -.10 -.08 .09 .09 .05 1.00               

Val1 -.03 .16**  .19**  .15** -.05 -.27** -.17** -.28**  1.00              

Aff1 .07 .06 .09 .02 -.15** -.15** .02 .08 .08 1.00             

Exp2 -.14** -.08 -.14**  -.11* 0.03 -0.05 0.04 .89**  -.24**  -.05 1.00            

Val2 -.05 .20**  .01 .08 -.01 .16** -.26** -.41**  .70**  .08 -.40** 1.00           

Aff2 .06 .01 .06 .21** .14** -.06 .04 -.06 -.20**  .63** -.14** -.31** 1.00          

Class -.10 -.08 -.16**  .02 -.07 .08 .06 .04 -.11* .04 .02 -.05 .09 1.00         

Sup1 -.07 .03 -.07 .07 .29** .11* -.01 .19**  -.28**  -.25** .14** -.17** -.27** .09 1.00        

Sup2 .04 -.21**  -.13**  -.15** -.60** -.41** .43** -.14**  .10* .06 -.05 .09 -.12* .14**  -.26**  1.00       

Pace .21** -.01 .03 .01 .05 -.08 .15** -.01 .05 -.14** -.03 -.02 -.12* -.21**  .00 -.01 1.00      

Con -.15** -.01 -.10 .02 .01 .14** -.03 .05 -.07 .05 .04 .04 .09 .52**  .04 .02 -.34** 1.00     

Stru -.03 -.09 -.15**  .00 -.06 .12* -.02 .05 -.11* .08 .05 .01 .09 .60**  .02 .11* -.15** .46** 1.00    
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 Grad Fath Moth Job1 Job2 Age Abi Ex1 Va1 Af1 Ex2 Va2 Af2 Class Sup1 Sup2 Pace Cont Stru Asse Qua1 Qua2 

Ass -.04 -.07 -.05 .04 .05 .06 -.01 -.05 -.09 .11* -.06 -.07 .20** .45**  .10* -.04 -.21** .40** .31** 1.00   

Qua1 -.25** .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 -.15**  .00 .00 -.41** .19** -.12* .23**  1.00  

Qua2 .17** .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .15** -.03 .28** .02 -.16**  1.00 

Note. fath = highest educational status father, moth = highest educational status mother, job 1 = part-time employment at t1, job 2 = part-time employment at 

t2, abi = ability, exp1 = expectancy at t1, val1 = values at t1, aff1 = affect at t1, exp2 = expectancy at t2, val2 = values at t2, aff2 = affect at t2, class = 

classroom climate, sup1 = support by peers at t1, sup2 = support by peers at t2, pace = instructional pace, con = quality of the content, stru = quality of 

structure and organization, ass = quality of assessment, qua1 = study load, qua2 = contact hours. 

*p < .05, ** p < .01. 
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Proportion of Explained Achievement Variance 

The first research question concerned the amount of achievement variance 

explained by the variables and phases in the elaborated Walberg and Reynolds model. 

To examine this question, we compared six models, including an empty model and an 

economic model in which only the variables with a significant effect were included. 

The results of the multilevel analysis are shown in table 5.4. As mentioned above, the 

explanatory variables were standardised, which implies that the effects are 

comparable amongst each other and a one-unit increase in the effect resulted in an 

effect-x-the-standard-deviation-increase in the grade.  

The second column indicates the intercept for the empty model, that is, the 

model without any predictor variables. In this model, the intercept was equal to the 

grand mean, that is, a grade of 6.18. To estimate the proportion variance at the student 

or the course level, the level 2 or level 1 variance is divided by the sum of the level 1 

and 2 variances. In the intercept-only model, this implied that 32% of the variance 

found in grade was accounted for by differences between the students. The other 68% 

of the variance found in grade was most likely the result of fluctuations in individual 

achievement. These fluctuations may be time-related or course-related. 

The third column shows the parameters for the model, which included the 

home variables. None of the three variables had a significant effect on the grade. The 

inclusion of these three variables led to a deviance difference of 2.41, which is not 

significant with d.f. =3 (p < .05). In this model, 31% of the variance is attributed to 

level 2 and 69% is attributed to level 1. The analysis also showed that inclusion of the 

home variables led to a smaller variance at the student level; the variance reduction at 

the student level was 5%. The percentage of explained variance for level 1 or R1
2 was 

estimated by considering σ̂ 2  + 0τ̂ 2 for the empty model as well as for the fitted 

model, and was computed as one minus the ratio of these values (Snijders & Bosker, 

1999). In this case, that leads to an R1
2 of 1 - (3.16 / 3.21) = .02 or a percentage of 

explained variance of 2%. The percentage of explained variance for level 2 or R2
2 was 

estimated as the proportional reduction in the value of σ̂ 2 / n + 0τ̂ 2 for the fitted 

model compared to the empty model, where n is the value of the group size. In our 

case, this value for the empty model was ((2.17 / 6) + 1.04) =  1.40 and for the first 

model ((2.17 / 6) + .99) = 1.35. The R2
2 was estimated as 1 - (1.35 / 1.40) = .04, which 

is a percentage of explained variance of 4%. 
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Table 5.4 Multilevel Analysis with Standardised Scores 

Variables Empty Model 1 Model 2 Model 3 Model 4 Model 5 Economic 

Intercept 6.18 (.15) ** 6.18 (.15) **  6.18 (.13) **  6.18 (.13) **  6.18 (.13) ** 6.18 (.12) ** 6.18 (.12) ** 

Father 

Mother 

Job1 

 -.13 (.18) 

.17 (.19) 

-.20 (.16) 

.01 (.17) 

.13 (.17) 

-.09 (.14) 

.01 (.17) 

.09 (.17) 

-.07 (.15) 

.02 (.17) 

.07 (.17) 

-.06 (.15) 

-.04 (.16) 

.11 (.16) 

.02 (.14) 

 

        

Age 

Ability 

Expectancy t1 

Values t1 

Affect t1 

  .05 (.17) 

.59 (.15) ** 

-.25 (.14)* 

-.04 (.15) 

.13 (.13) 

.06 (.17) 

.61 (.15) ** 

-.24 (.14)* 

-.06 (.15) 

.14 (.14) 

.08 (.17) 

.61 (.16) **  

-.23 (.14)*  

-.05 (.15) 

.14 (.14) 

-.08 (.16) 

.51 (.15)** 

-.26 (.13)*  

-.05 (.15) 

.03 (.14) 

 

.57 (.12)** 

-.27 (.13)** 

        

Support t1 

Classroom 

climate 

   -.03 (.14) 

-.24 (.09) ** 

-.03 (.14) 

-.35 (.11) ** 

-.14 (.14) 

-.35 (.11)** 

 

-.39 (.09)** 

        

Pace 

Content 

Structure 

Assessment 

    .04 (.09) 

-.09 (.10) 

.03 (.10) 

.13 (.10) 

.03 (.09) 

-.08 (.10) 

.05 (.10) 

.16 (.10)*  

 

 

 

.14 (.10)** 
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Study load 

Contact hours 

-.47 (.09) ** 

.21 (.08) **  

-.48 (.09)** 

.21 (.08)** 

-.51 (.08)** 

.22 (.07)** 

        

Diff job 

Diff expectancy 

Diff values 

Dif affect 

Dif support 

     .20 (.13) 

-.36 (.14)** 

.03 (.16) 

-.05 (.16) 

-.20 (.14) 

 

-.32 (.13)** 

        

Variance level 1 2.17 (.18) 2.17 (.18) 2.17 (.18) 2.12 (.17) 1.74 (.14) 1.75 (.14) 1.75 (.14) 

Variance level 2 1.04 (.25) .99 (.25) .64 (.18) .65 (.18) .72 (.18) .56 (.15) .64 (.17) 

Total variance 3.21 3.16 2.81 2.77 2.46 2.31 2.39 

2loglikelihood 1428.54 1426.13 1407.65 1400.36 1339.46 1329.23 1336.24 

*p < .05 one-tailed, ** p < .01 one-tailed. 
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The fourth column shows the parameters of the second model, which included 

the student aptitude-attribute variables as well as the home environment variables. As 

the table shows, the inclusion of these five variables led to a deviance difference of 

18.48, which is a significant decrease with d.f. = 5 (p < .005). Compared to the empty 

model, there was a decrease of 20.89 which is significant with d.f. = 8 (p < .01). When 

comparing this second model with the first model, we see that due to the inclusion of 

these student variables the variance at student level decreased to .64. The age of the 

students had no direct effects on their grades. Students’  ability, on the other hand, had 

a significant positive effect on the grade. A higher ability was associated with a higher 

grade. Beside that, a student’s expectancy had a significant negative effect on grade; it 

should be noted that that this variable is recoded, that is a low score implies a high 

self-confidence. This implies that a high self-confidence has a positive effect on the 

grades obtained. Finally, in this model, 77% of the variance is at level 1 and 23% is at 

level 2. The inclusion of the student-aptitude attributes variables led to a percentage of 

explained variance of 12% for level 1 and 29% for level 2, both in comparison with 

the empty model. 

The fifth column describes the model in which the social-psychological 

environment variables were added. Inclusion of these variables resulted in a decrease 

in the deviance of 7.29; this is a significant decrease with d.f. = 2 (p < .05), and 

compared to the empty model it results in a deviance decrease of 28.18, which is 

significant with d.f. = 10 (p < .005). Especially the classroom climate had a significant 

effect (-.24). It should be noted that this variable was scaled in such a way that a high 

score implied a low perceived quality of  the teacher. Support by peers did not show a 

significant effect on the grade. In this model, the variance at the student level was 

slightly higher than that of the second model. The inclusion of the social 

psychological climate variables led to a percentage of explained variance of 14% for 

level 1 and 28% for level 2, compared to the empty model. 

The sixth column shows the fourth model in which the quality and the quantity 

of instruction variables were added. The inclusion of these variables led to a 

significant decrease of deviance 60.9, d.f. = 6, (p < .001) compared to the third model 

and a significant decrease of 89.08 d.f. = 16 (p < .001) compared to the empty model. 

The load of the course and the number of contact hours significantly influenced the 

grades (-.47 and .21, p < .001). Contrary to the expectation, pace, quality of the 

content, quality of the structure and organization, and quality of the assessment did 
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not have significant effects on the grades. Table 5.4 shows that after the inclusion of 

these variables, the variance at the student level increased slightly. The explained 

variance for level 1 in this model was 23% while the explained variance for  level 2 

was 28%. 

The seventh column shows the fifth model, in which the standardized 

difference scores of part-time employment, expectancy, values, affect and support at 

the end of the first year were added. The table shows that the inclusion of these 

variables resulted in significant effects of ability, of expectancy, of classroom climate, 

of assessment, of the study load of the course and the number of contact hours. 

Having added these variables to the model, we see that the deviance decreased with 

10.23, d.f. = 5, which is not significant. Compared to the empty model, we see a 

significant decrease in deviance of 99.31 with d.f. = 21 and p < .001. In this model, 

the unexplained variance at student level slightly decreased. Furthermore, the 

explained variance at level 1 was 28% and 39% at level 2. 

The seventh column shows the economic model in which only the significant 

effects are included. This model shows that ability, students’  expectancy, classroom 

climate, quality of the assessment, load of the course and the number of contact hours 

planned for the course significantly affected the achieved grade within a course. In 

this economic model, the explained variance for level 1 is 26% and 33% for level 2. 

 In summary, having added the home environment variables to the model, we 

see a decrease of variance at the student level. This model explains 2% of the 

variance. In addition, having added the student aptitude-attribute variables, we see 

that the variance at the student level reduces even further. This model explains 12% of 

the variance found in grades. Thirdly, having added the social climate variables, we 

see a decrease in variance at the repeated measures level  and a slight increase of the 

variance at the student level. In this model, 14% of the variance is explained 

compared to the intercept only model. When adding the quality and quantity of 

instruction variables to the model, we see a decrease in level 1 variance, while we see 

an increase in level 2 variance. In addition, we see that this model results in an 

explained variance of 23%. When finally adding the three variables measured at the 

end of the first year, we see a slight decrease in variance at the student level and an 

increase of the variance at the course/repeated measures level. This model explains 

28% of the variance found in achievement. 
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Magnitude and Direction of Effects  

The second research question concerned the magnitude and direction of the 

relationship between the factors of educational productivity and grade. Table 5.4 

columns 7 and 8 show the final models that were examined. The table shows no 

significant effects of the variables father, mother, and having job on the grade. That is, 

the highest educational background of both parents as well as part-time employment 

at the beginning of the first year did not affect the students’  grades. 

The table does show significant effects from ability (.51, p < .01), that is, 

whenever a student’s ability increased by one standard deviation the grade increased 

by .51 times the standard deviation of the grade controlled for all the other variables. 

We see that, beside ability, the student’s expectancy has a negative effect on the grade 

(-.26, p <.05). That is, a high self-confidence (i.e. a low score on the variable) has a 

positive effect on the grades. The analysis revealed no significant effects of the other 

motivation variables on the grade. 

Beside ability and motivation, the classroom climate variable (-.24, p < .01) 

was an important indicator as well. It should be noted that, this scale was inverted, i.e. 

a low score on the scale -which implied satisfaction with the teacher’s ability to 

explain the subject matter, the ability to use the resources, and the teacher’s openness 

to questions- was associated with a higher grade. The support from peers did not 

significantly affect grade. 

The table shows that only the quality of assessment had a significant effect on 

the grade (.16). As this variable was inverted, this implied that a low quality of 

assessment was related to higher grades. Beside the quality of assessment, course load 

had a significant effect on the grade (-.51, p <.01). That is, the higher the course load 

the lower the grades in the course. Furthermore, the number of contact hours had a 

significant effect on the grades (.22, p <.01), i.e. the higher the number of contact 

hours the higher the grades. Finally, the table shows that the difference score of 

expectancy had a significant negative effect on grades. That is, students who became 

more motivated at the end of the first year obtained a higher grade point average. 

In short, the analysis indicates that, having added the variables to the model, 

we see that the model explains 28% of the variance found in grade. Beside that, the 

most important variable, in this respect, appears to be students’  ability. This is 

followed by course load, classroom climate, the difference expectancy score, the 

expectancy score, the number of contact hours and quality of assessment. 
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5.4 Discussion 

In 1981 Walberg identified nine productivity factors, which were related to 

academic achievement. Many studies over the years have indicated that the factors are 

indeed indicators of achievement. The majority of these studies investigated samples 

of students from primary and secondary education, while samples of students in the 

field of higher education received no attention. The purpose of this study therefore 

was to investigate whether the educational productivity model could predict 

achievement in higher education.  

The first research question concerned the variances explained by the models. 

The analysis showed that adding the variables to the model led to a decrease in total 

variance, and in the total variance explained. Compared to the empty model, the 

inclusion of the home variables led to an explained variance for level 1 of 2%, and for 

level 2 of 4%. These home variables might not be that important for achievement in 

higher education. The educational background of the parents, for example, might be 

more important in determining success in primary and even in secondary education. 

After having included the student-aptitude attributes variables, we see that the 

percentage of explained variance increased to 12% for level 1 and 29% for level 2. 

The inclusion of the social psychological climate variables further led to a percentage 

of explained variance of 14% for level 1 and 28% for level 2. Finally, compared to the 

zero model, the inclusion of the quantity and quality of instruction led to a percentage 

of explained variance of 23% for level 1 and of 28% for level 2. The final model, 

which included the longitudinal motivation, support, and job variables explained 28% 

of the found variance in grade for level 1, and 39% for level 2.  

The second research question in this study concerned the magnitude and the 

direction of the relationship between the factors of educational productivity and the 

grade. This study showed that a student’s ability, a student’s expectancy, the 

perceived quality of assessment, the course load, the number of contact hours and the 

classroom climate are important indicators of academic achievement. These findings 

correspond with earlier findings; for example Need & de Jong, 1998, van der Hulst & 

Jansen, 1996, de Jong et al. 1997, van der Hulst and Jansen (2002) and Lindblom-

Ylänne, Lonka and Leskinen (1999) who found a relationship between ability and 

achievement in higher education, and Jansen (1996) found a relationship between 

course load and academic achievement.  
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Contrary to the expectations, we did not find a significant effect of the home 

environment on academic achievement. Nevertheless, this finding concurs with the 

findings of Reynolds and Walberg (1991), who suggested that the effects of the home 

environment are mediated by prior achievement, motivation, instructional quality and 

quantity, classroom environment and peer environment. Beside that, Köller et al. 

(1999) did not find a relationship between the parents’  educational background and 

outcome either. These suggested that the parents’  educational background affected 

achievement through academic leisure activities.  

In addition, we did not find significant direct effects of support from peers, the 

pace, the quality of the content and the quality of structure and organization of the 

course. Perhaps these variables affect achievement indirectly through other variables. 

For example, support from peers might indirectly affect achievement through 

motivation and the student’s pace, while the quality of the content might affect the 

time spent on studying. It goes without saying that positing relationships between the 

productivity factors, i.e. taking both the direct and the indirect effects on achievement 

into account, in combination with a multi-level analysis would be an interesting topic 

for further research and analysis. 

Having added a difference score concerning students’  motivation, support from 

peers, and job at the end of the first year to the model, we found a significant 

improvement in the model. Evidently, variables, such as motivation, perceived 

support from peers and part-time employment are subject to change. Because the 

impact of these variables might also be subject to change, these need to be examined 

in more detail. 

Which of these factors are most influential in promoting greater academic 

achievement? The analyses indicated that ability is an important predictor of grade. 

This finding is found in earlier studies based on regression and structural modelling 

(see for example Reynolds & Walberg, 1991, 1992). Even though educational 

productivity is driven largely by this individual level factor, studies of achievement 

have revealed school level variations (Wang, Haertel &  Walberg, 1993). The present 

study, for example, indicates that beside individual factors, course level factors, such 

as the study load and the number of contact hours, but also quality of the classroom 

and assessment are important indicators of achievement.  

The results suggest that Walberg’s educational productivity factors can indeed 

predict academic achievement in higher education. Despite the fact that the 
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productivity factors were measured in different ways over the different studies, we do 

see some commonalities between this model and other educational productivity 

models. For example, the relationships between prior ability and achievement as well 

as between classroom environment and achievement are also found in other studies 

(Reynolds & Walberg, 1992).  

However, there is still need for future research into the field of higher education 

that is conceptually related to the educational productivity model. This study therefore 

needs to be replicated with samples including more universities, more departments 

and more students. Beside that, especially the longitudinal effects need to be 

examined in more detail. It seems important to investigate the relationships among the 

explanatory variables, perhaps for example related to the differential effects of these 

variables. Can these variables indeed compensate for each other? How can we model 

interactions between the productivity factors taking into account the hierarchical 

structure of the data? Besides using multilevel analysis, it would be interesting to 

combine these results with analysis of covariances.  

The results of this study suggest some important links that are open to intervention 

and might lead to higher educational achievement. Beside the importance of ability, 

this study showed that characteristics, such as the teaching qualities and the study load 

of the course, which are alterable by intervention, are important indicators of 

achievement. Even though student aptitude-attribute variables, such as ability are 

important indicators of academic achievement, departments, teachers and resources 

can still provide structure and organization of the content as well as an impetus for 

studying. 


